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Proposal for IEEE 802.16m Frame Structure
Sassan Ahmadi and Hujun Yin
1 Introduction and Background
This contribution describes a proposal for IEEE 802.16m frame structure. The stringent requirements on the data plane and control plan latencies, handoff interruption times as well as fast feedback for improved H-ARQ and MIMO operation demand redesign of the frame structure in a way that does not adversely impact the backward compatibility and interoperability with the reference system. 

A close look at the trend of air-interface design for the prominent wireless access technologies in the past five years suggests that the key to shorter access latencies is shorter transmission time intervals (TTI) and round trip times (RTT) and shorter frame sizes. Although the IEEE 802.16e-2005 standard supports a variety of frame sizes, only the 5 ms frame was used in the mobile WiMAX profile. Given the backward compatibility constraint, the size of the radio frame and certain contents and their relative locations within the radio frame cannot be changed.
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Figure 1: IEEE 802.16e-2005 reference system frame structure (TDD mode)

As it is shown in Figure 1, the first OFDM symbol of each frame is a preamble (also known as synchronization channel) followed by the frame control header (FCH) and the DL and UL MAPs. The first permutation zone following the preamble must be a PUSC zone. Also the UL control channels must be located immediately after the TTG gap. All subchannelization schemes specified in IEEE 802.16e-2005 standard are multiples of 2 or 3 OFDMA symbols in time domain (e.g., DL PUSC clusters, UL PUSC tiles, or DL/UL AMC bins span 2 symbols, 3 symbols, 1 to 6 symbols, respectively). Thus, the shortest division of the radio frame has to accommodate an integer multiple of 6 symbols in order to ensure that sub-channels are not straddle across the sub-divisions of the radio frame. Other reasons and constraints will be explained in the following sections.
A new structure for the IEEE 802.16m radio frame is proposed based on super-frame/frame/sub-frame paradigm which in addition to being strictly backward compatible to the legacy frame structure, would allow extreme flexibility for design of the physical resource blocks and resource indexing, fast feedback and shorter data plane and control plane latencies. It is shown that the new frame structure meets or exceeds the requirements specified in IEEE 802.16m SRD.

Aside from some special considerations for TDD and FDD duplex schemes, the proposed frame structure equally applies to both duplex schemes, resulting in maximal baseband processing commonalities in both duplex schemes (which further include H-FDD) that is highly desirable from implementation perspective.

2 Design Considerations

Some important considerations in the he design of the new frame structure were enumerated in the previous section. In addition to those considerations, there are other assumptions that arise mainly from the backward compatibility constraint that are described in the following sections. 

2.1 Multiple Access Schemes and Concept of Time Zones

In this proposal, we assume that the DL and UL multiple access schemes remain the same as the reference system; that is OFDMA is used for both DL and UL. This would reduce the complexity due to use of non-homogeneous multiple access schemes for the DL and UL as well as it would maximize the commonalities with the legacy system. It will shown in other contributions that there is no significant advantage in using a heterogeneous (i.e., combination of OFDMA and SC-FDMA for UL) or different multiple access schemes for DL and UL (i.e., OFDMA for DL and SC-FDMA for UL). Using an OFDMA access scheme for both DL and UL and unlike other broadband wireless access technologies, we assume that the same frame structure is applied to both directions.

To accommodate the operation of the new and legacy systems and at the same time enable design and development of improved schemes such as new subchannelization, resource allocation, pilot structure, etc. for the IEEE 802.16m systems, the concept of time zones is introduced that is equally applied to TDD and FDD systems. The new and legacy time zones are time-multiplexed (TDM) across time domain. The non-backward compatible improvements and features are restricted to the new zones. All backward compatible features and functions are used in the legacy zones. Such restriction would make the new features transparent to the legacy systems. Note that DL/UL traffic for the new MS can be scheduled in both zones whereas the DL/UL traffic for the legacy MS can only be scheduled in the legacy zones.

In the absence of any legacy system, the legacy zones will disappear and the entire frame will be allocated to the new zones and thereby new systems.

2.1.1 Time Zones in FDD

Figure 2 depicts the concept of time zones for the FDD systems. Although, IEEE 802.16m SRD currently requires backward compatibility with the TDD reference system, upon completion of IEEE 802.16REV2, there will be a need for support of legacy FDD/H-FDD systems that would be using IEEE 802.16e-2005 based features and parameters. Therefore, a legacy zone needs to be considered in FDD mode, as well. The duration of the zones may vary; however, new zones shall always follow the legacy zones.


[image: image2]
Figure 2: Time zones in FDD mode

2.1.2 Time Zones in TDD

As was mentioned earlier, the concept of time zones applies to TDD mode (see Figure 3), as well. The following constrains apply:

1. In a mixed deployment, the allocation of time zones in the TDD duplex mode shall be as shown in Figure 3. The duration of the zones may vary. Every frame shall start with a preamble and the MAP followed by legacy DL zone since legacy terminals/relays expect 802.16e zones in this region. The UL portion shall start with legacy UL zone since legacy BS/terminals/relays expect 802.16e UL control information be sent in this region. In a green-field deployment, the legacy zones can be removed.

2. Switching points should be synchronized across network to reduce inter-cell interference. 

3. The switching points would require use of idle symbols to accommodate the gaps. In case of TDD operation with the generic frame structure, the last symbol in the slot immediately preceding a downlink-to-uplink/uplink-to-downlink switching point may be reserved for guard time and consequently not transmitted.

[image: image3]
Figure 3: Time zones in TDD mode

2.2 OFDMA Numerology

We assume that the OFDMA parameters (or numerology) remain the same for the new and legacy systems. Having said that, we believe that different numerologies can be utilized in other frequency bands such as 700 MHz where the legacy support is not required. However, the use of different OFDMA parameters (shown in Table 1) in different time zones or over the same radio frame is not recommended since it would impose so much complexity in system design and implementation.


[image: image4]
Table 1: OFDMA parameters for IEEE 802.16m

It is desirable to maintain the same OFDMA symbol length, sub-carrier spacing, and CP size irrespective of the operation bandwidth. The sampling frequency and over-sampling factor can be appropriately adjusted. Please note that the same parameters would be used for TD-SCDMA channelization (i.e., 1.6 MHz) if 2.8 MHz sampling were used.

The backward compatibility with the reference system requires the use of 10.94 kHz sub-carrier spacing, CP = 1/8 of OFDMA useful symbol duration and consequently 48 OFDMA symbols per 5 ms radio frame. Since the radio frame length is not an exact integer multiple of OFDMA symbol length, the remainder time; i.e., approximately 64 
[image: image5.wmf]m

s will appear as an idle time in FDD mode and will be absorbed in the switching points in the TDD mode. 

3 Generic Frame Structure

The generic frame structure is shown in Figure 4. An integer multiple of consecutive frames is called a super-frame. The first frame (i.e., F0, F1, …, Fk) in every super-frame carries a super-frame header. The structure of the super-frame header will be discussed in the following sections. Each radio frame is further divided into an integer number of sub-frames (i.e., SF0, SF1, …, SFn) and sub-frames comprise an integer number of OFDMA symbols (i.e., S0, S1, …, Sm) . Taking all the above considerations into account, k=4, n=8, and m=6 are recommended, resulting in super-frame size of 20 ms, frame size of 5 ms, and sub-frame size of 0.617 ms. There are 6 OFDMA symbols within a sub-frame.  


[image: image6]
Figure 4: Illustration of the new frame structure concepts

In order to ensure that the time zones do not straddle across sub-frame boundaries, the time zones are restricted to be aligned with the sub-frame boundaries, thereby their length in time shall be an integer multiple of sub-frames. It will be shown later that this assumption would significantly reduce the signaling and MAP overhead.

3.1 Legacy and New Frames

The legacy and new frames are offset by a fixed number of sub-frames to allow accommodation of new features such as new synchronization channel (preamble), broadcast channel (system configuration information), and control channels. 

[image: image7]
Figure 5: Relative position of new and legacy frames

The value of the offset is fixed in a deployment and shall not be changed during operation in consideration for fixed system timing. The value of the FRAME_OFFSET is determined as follows (for TDD mode):


[image: image8.wmf]n

m

frame

sub

mT

offset

T

n

offset

T

f

T

frame

sub

nT

f

T

offset

T

-

<

£

-

=

<

£

-

£

-

=

=

£

£

<

)

Frames

-

Sub

 

DL

 

of

 

Number

(

0

  

7

1

   

 

3

:

5

UL

:

DL

 

for

 

0.625

 

:

Example

DL

 

to

 

allocated

 

frame

 

of

 

fraction

 

the

 

:

1

0

 

where

a

a

a

a


The new frame must at least contain one DL sub-frame for synchronization and control. Furthermore, in the TDD mode, the DL/UL switching points shall be aligned. The FRAME_OFFSET changes the timing reference point for the new and legacy systems since a new synchronization channel is located at the beginning of the new frame and the legacy preamble continues to exist in the beginning of the legacy frame as long as legacy systems are to be supported. 
3.2 Super-Frame Header

As it was mentioned earlier, the beginning of the super-frame is marked with a super-frame header (SFH). The content and structure of the SFH will be defined in the future contributions; however, it must be noted that the location of the SFH is fixed relative to the beginning of the first new frame within a super-frame. 
If the system configuration information is carried via the SFH, it would significantly simplify the system entry procedure since following the acquisition of the new preamble, the MS can acquire the broadcast channel without the need for receiving and decoding of FCH and DL MAP. This would reduce the scan latency and would result in less power consumption compared to the network entry procedure that is performed in the legacy system.

Note that the structure of the super-frame header in TDD and FDD modes is identical. The acquisition of the broadcast channel would allow fast cell-selection decision; especially in the cases where the cell type (e.g., pico-cell or femto-cell) or other features such as duplex mode, number of TX antennas, size of the CP, etc. are also included in the super-frame header.

The super-frame header may further include synchronization channel (i.e., a new preamble) and/or other broadcast information such as paging channel.

3.3 FDD Considerations

Although in principle, the frame structure is the same for TDD and FDD duplex schemes, there are some special considerations for each duplex scheme that we will discuss in this and the following sections.
In FDD duplex scheme, there is an idle time that is located at the end of the frame. Each group of 6 OFDMA symbols forms a sub-frame, and a group of 8 consecutive sub-frames constitute a radio frame (inclusive of the idle time). The super-frame consists of 4 radio frames and consequently the super-frame size is 20 ms. This is illustrated in Figure 8. The transmission time interval is an integer multiple of sub-frames and by default is one sub-frame length (i.e., 0.617 ms).  

[image: image9]
Figure 8: FDD frame structure

3.4 TDD and H-FDD Considerations

Considering the DL/UL switching intervals within a TDD radio frame, there are two types of sub-frames defined for this mode. As shown in Figure 9, the regular sub-frames consist of 6 OFDMA symbols whereas the irregular sub-frames (those frames that are immediately preceding a switching point) may comprise less than 6 OFDMA symbols; e.g., 5 OFDMA symbols; in that case, the 6th OFDMA symbol is an idle symbol.   


[image: image10]
Figure 9: TDD frame structure

It is understood that no pilot, data, and control bits shall be allocated on the idle symbol in the irregular sub-frames. There are no other differences between the TDD and FDD frame structures. The physical resource blocks, resource allocation, pilot structure, etc. are the same for the two duplex schemes. 
The H-FDD frame structure from the point of view of the mobile station is similar to the TDD frame structure; however, the DL and UL transmissions occur in two separate frequency bands. The transmission gaps between DL and UL (and vice versa) are required to allow switching the TX and RX circuitry. 
To ensure efficient use of the radio resources when operating with H-FDD mobile stations in an FDD network, the mobile stations within the coverage area of the BS should be grouped into two complementary groups whose downlink and uplink transmissions are not concurrent (as shown in Figure 11). The frame structure from the point of view of the BS and the full FDD mobile stations is not affected by the H-FDD characteristics of some mobile stations and is identical to the FDD frame structure. However, the frame structure from the point of view of the H-FDD mobile stations is different and DL and UL transmissions do not occur simultaneously. Nevertheless the downlink and uplink transmission frequencies are different. Since the beginning of the DL radio frame and super-frame contain broadcast information (i.e., synchronization channel or preamble as well as super-frame header containing the broadcast channel); this is marked in red in Figure 11, the H-FDD mobile station groups should not have any uplink transmissions scheduled in the first sub-frame of each frame. The complementary grouping and scheduling scheme described here can ensure efficient utilization of the radio resources. Also note that the H-FDD mobile stations require a switching time between any DL to UL or UL to DL transition. These transition times would make irregularity in the sub-frames immediately preceding the switching points in the frame structures of complementary mobile stations groups; however, they can be avoided by sophisticated scheduling in the base station.
Using the following control structure (shown in Figure 10), the two groups will see the same H-FDD structure with 4 sub-frame offset, the only time interval where uplink transmission is not allowed is the super-frame header where all mobile stations have to be in listening mode.
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Figure 10: DL control channel structure in FDD mode

[image: image12]
Figure 11: Complementary grouping and scheduling of H-FDD mobile stations 

4 Data Plane and Control Plane Access Latencies

In order to justify the choice of parameters for the proposed frame structure, it is imperative to demonstrate that the proposal satisfies the IEEE 802.16m system requirements. In the following sections, the break down of the data and control planes access latencies is provided for the reference and the IEEE 802.16m systems. It is shown that the new values are significantly below the target values specified in IEEE 802.16m SRD. 
4.1 Data Plane Access Latency

The break down of the components of data plane access latency is shown in Table 2. The access latency with 30% frame error rate over the airlink is 4.67 ms which is less than 10 ms limit specified by the SRD.


[image: image13]
Table 2: Analysis of data plane access latency

4.2 Control Plane Access Latency

The break down of system entry procedure from DL scanning and synchronization to the point where the RRC connection is established is shown in Table 3. Note that the use of super-frame header, that encompasses the system configuration information, would significantly reduce the time spent in step 1. Also, since the probability of error required for transmission of some of the MAC control messages is typically 10-3, H-ARQ is used to ensure more reliability. The use of shorter TTI and faster transmissions would enable shorter H-ARQ retransmission, consequently reducing the total time for IDLE_STATE to ACTIVE_STATE transition. 
In addition, we assume that the base station, relay station, or mobile station processing time is approximately 2*TTI = 1.23 ms (which is a consistent with the assumption made by other broadband wireless access technologies developed by other SDOs), that further reduces the total delay budget. It is shown that the IDLE_STATE to ACTIVE_STATE transition time of less than 80 ms is achievable through the use of proposed frame structure which is less the 100 ms value specified by the SRD.

It must be noted that some of the radio resource control and management messages require probability errors in the order of 10-6; ARQ is used in conjunction with H-ARQ to achieve higher transmission reliability.

 
[image: image14]
Table 3: Control plane access latency

4.3 Synchronous/Asynchronous H-ARQ and Fast Feedback

As it was mentioned earlier, to improve the application performance, faster H-ARQ retransmissions is highly desirable to reduce the overall delay and improve over the air transmission reliability. In the following sections, it is shown that the proposed frame structure would enable fast feedback for both synchronous and asynchronous H-ARQ operation. In the following sections, it is assumed that the propagation time + BS/MS processing time is approximately 2*TTI = 1.23 ms. Note that the propagation delay for 5 km cell size is 16.67 
[image: image15.wmf]m

s.
4.3.1TDD Duplex Mode
The synchronous H-ARQ would require DL and UL transmissions at fixed intervals, thereby imposing some constraints in TDD systems. In Figure 12, the synchronous H-ARQ scheme is illustrated for various DL:UL ratios. Note that the shorter feedback interval, the more number of switching points in the TDD frame that would compromise the spectral efficiency and overall application performance. When supporting legacy systems, the number of switching points is restricted to 2, therefore, the shortest RTT would be 8 sub-frames. Note that the first sub-frame of each frame shall be a DL sub-frame to transport preamble + DL/UL MAPs. The switching points should be synchronized across TDD network to reduce inter-cell interference.

[image: image16]
Figure 12: Synchronous H-ARQ scheme in TDD mode

The asynchronous H-ARQ requires non-uniform feedback intervals which imply less constraint for the TDD systems.

4.3.2 FDD Duplex Mode

The realization of synchronous H-ARQ is FDD mode is more straightforward due to simultaneous transmission of DL and UL in time. This is shown in Figure 13. An RTT of 6*TTI = 3.7 ms can be achieved in this mode of operation.

[image: image17]
Figure 13: Synchronous H-ARQ scheme in FDD mode

5 Proposed Text for SDD

Insert the following text into Physical Layer sub-clause (i.e. Chapter 11 in [1]):
-------------------------------  Text Start  ---------------------------------------------------

11.1  Frame structure

11.1.1  Generic frame structure

The generic frame structure is illustrated in Figure x-1. Each 20ms super-frame is divided into four 5ms frames. Each frame is consists of eight sub-frames. Each sub-frame consists of six OFDMA symbols.


[image: image18]
Figure x-1: Generic frame structure

Considering the DL/UL switching intervals within a TDD radio frame, there are two types of sub-frames defined. As shown in Figure x-2, the regular sub-frames consist of 6 OFDMA symbols whereas the irregular sub-frames (those frames that are immediately preceding a switching point) may comprise less than 6 OFDMA symbols; e.g., 5 OFDMA symbols, in that case, the 6th OFDMA symbol is an idle symbol.   


[image: image19]
Figure x-2: Regular and irregular sub-frames in TDD mode

It is understood that no pilot, data, and control bits shall be allocated on the idle symbol in the irregular sub-frames. There are no other differences between the TDD and FDD frame structures.

The H-FDD frame structure from the point of view of the mobile station is similar to the TDD frame structure; however, the DL and UL transmissions occur in two separate frequency bands. The transmission gaps between DL and UL (and vice versa) are required to allow switching the TX and RX circuitry. 

To ensure efficient use of the radio resources when operating with H-FDD mobile stations in an FDD network, the mobile stations within the coverage area of the BS should be grouped into two complementary groups whose downlink and uplink transmissions are not concurrent (as shown in Figure x-3). The frame structure from the point of view of the BS and the full FDD mobile stations is not affected by the H-FDD characteristics of some mobile stations and is identical to the FDD frame structure. However, the frame structure from the point of view of the H-FDD mobile stations is different and DL and UL transmissions do not occur simultaneously. Nevertheless the downlink and uplink transmission frequencies are different. Since the beginning of the DL radio frame and super-frame contain broadcast information (i.e., synchronization channel or preamble as well as super-frame header containing the broadcast channel); this is marked in red in Figure x-3, the H-FDD mobile station groups should not have any uplink transmissions scheduled in the first sub-frame of each frame. The complementary grouping and scheduling scheme described here can ensure efficient utilization of the radio resources. Also note that the H-FDD mobile stations require a switching time between any DL to UL or UL to DL transition. These transition times would make irregularity in the sub-frames immediately preceding the switching points in the frame structures of complementary mobile stations groups; however, they can be avoided by sophisticated scheduling in the base station.


[image: image20]
Figure x-3: Complementary grouping and scheduling of H-FDD mobile stations

11.1.2 Super-frame Header

The super-frame header partially occupies the first downlink sub-frame of every super-frame. The super-frame header includes the system configuration information and may further include synchronization channel and/or other broadcast information.
11.1.3 Legacy and New Frames

The legacy and new frames are offset by a fixed number of sub-frames to allow accommodation of new features such as new synchronization channel (preamble), broadcast channel (system configuration information), and control channels, as shown in Figure x-4. 


[image: image21]
Figure x-4: Relative position of new and legacy frames

The value of the offset is fixed in a particular deployment and shall not be changed during operation in consideration for fixed system timing.
11.1.4 The Concept of Time Zones

To accommodate the operation of the new and legacy systems and at the same time enable design and development of improved schemes such as new subchannelization, resource allocation, pilot structure, etc. for the IEEE 802.16m systems, the concept of time zones is introduced that is equally applied to TDD and FDD systems. The new and legacy time zones are time-multiplexed (TDM) across time domain. The non-backward compatible improvements and features are restricted to the new zones. All backward compatible features and functions are used in the legacy zones. Such restriction would make the new features transparent to the legacy systems. Note that DL/UL traffic for the new MS can be scheduled in both zones whereas the DL/UL traffic for the legacy MS can only be scheduled in the legacy zones.

In the absence of any legacy system, the legacy zones will disappear and the entire frame will be allocated to the new zones and thereby new systems.

11.1.4.1 Time Zones in FDD

Figure x-5 depicts the concept of time zones for the FDD systems. The duration of the zones may vary; however, new zones shall always follow the legacy zones.


[image: image22]
Figure x-5: Time zones in FDD mode

11.1.4.2 Time Zones in TDD

As was mentioned earlier, the concept of time zones applies to TDD mode (see Figure x-6), as well. The following constraints apply:

4. In a mixed deployment, the allocation of time zones in the TDD duplex mode shall be as shown in Figure x-6. The duration of the zones may vary. Every frame shall start with a preamble and the MAP followed by legacy DL zone since legacy terminals/relays expect 802.16e zones in this region. The UL portion shall start with legacy UL zone since legacy BS/terminals/relays expect 802.16e UL control information be sent in this region. In a green-field deployment, the legacy zones can be removed.

5. Switching points should be synchronized across network to reduce inter-cell interference. 

6. The switching points would require use of idle symbols to accommodate the gaps. In case of TDD operation with the generic frame structure, the last symbol in the slot immediately preceding a downlink-to-uplink/uplink-to-downlink switching point may be reserved for guard time and consequently not transmitted.

[image: image23]
Figure x-6: Time zones in TDD mode

-------------------------------  Text End  ---------------------------------------------------

6 References

[1] IEEE C802.16m-08/003, “The Draft IEEE 802.16m System Description Document.”
DL





DL





UL





UL





UL





New Radio Frame from the point of view of new BS/MS





Synchronization and Broadcast Channels





New Frame





New Frame





Legacy Radio Frame from the point of view of legacy BS/MS





FRAME Duration (Tf)





FRAME OFFSET (Toffset)





DL





DL





DL





DL





UL





UL





UL





DL





DL





DL





DL





DL





UL





UL





UL





DL





DL





DL





UL





DL





UL





Frame Size – (Number of OFDM Symbols) * Ts


The idle time in FDD mode may be used for channel or noise measurements 





� EMBED Equation.3  ���











Transmission Bandwidth (MHz)





5





10





20





Sampling Frequency (MHz)








5.6





11.2





22.4





FFT Size





512





1024





2048





Sub-Carrier Spacing (kHz)





10.94





10.94





10.94





Tu (us)





91.4





91.4





91.4





Tg=1/4 Tu





91.4 + 22.85=114.25





87.25





Tg=1/8 Tu





91.4 + 11.42=102.82





64.64





Tg=1/32 Tu





91.4 + 2.86=94.26





4.22





43





48





53





Tg=1/16 Tu





91.4 + 5.71=97.11





51





47.39





Cyclic Prefix (CP)





Ts (us)





Number of OFDM Symbols per Frame





Idle Time (us)





Switching Point





New UL Zone





Legacy UL Zone





New DL Zone





Legacy DL Zone





5 ms Radio Frame





SF#0


DL





SF#1


DL





SF#2


DL





SF#3


DL





SF#4


DL





SF#5


UL





SF#6


UL





SF#7


UL





SF#0


DL





SF#1


DL





SF#2


DL





SF#3


DL





SF#4


DL





SF#5


UL





SF#6


UL





SF#7


UL





SF#0


DL





SF#1


DL





SF#2


DL





SF#3


DL





SF#4


DL





SF#5


UL





SF#6


UL





SF#7


UL





UL





DL





Idle Time





New UL Zone





Legacy UL Zone





Idle Time





New DL Zone





Legacy DL Zone





5 ms Radio Frame





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





Sub-Frame Length = 6 Full OFDM Symbols = 0.617 ms





 





S#5





S#4





S#3





S#2





S#1





S#0





Irregular Sub-Frame (including one virtual idle symbol)





S#4





S#3





S#2





S#1





S#0





Regular Sub-Frame





F#0





F#1





F#2





F#3





CP=1/8 Tu





Super Frame: 20 ms (4 frames, 32 sub-frames)





Switching Points for DL:UL=3:5





Actual Sub-Frame Length = 5 Full OFDM Symbols = 0.514 ms





Sub-Frame Duration (Tsub-frame)= 0. 617 ms (The idle time is absorbed in the switching times)





C80216m-08_082r1





UL/DL PHY Frame: 5 ms (8 sub-frames)





UL


SF#7





UL


SF#6





UL


SF#5





UL


SF#4





UL


SF#3





DL


SF#2





DL


SF#1





DL


SF#0





CP=1/8 Tu





Idle Time = 64.64 us





Super Frame: 20 ms (4 frames, 32 sub-frames)





One OFDM symbol





Sub-Frame Duration (Tsub-frame)= 0. 617 ms; Transmission Time Interval (TTI)= n Tsub-frame n=1,2, …, 8





UL/DL PHY Sub-Frame: 0.617 ms





UL/DL PHY Frame: 5 ms (8 sub-frames + Idle Time)





SF#7





SF#6





SF#5





SF#4





UL/DL


SF#3





SF#2





SF#1





SF#0





S#5





S#4





S#3





S#2





F#0





F#1





F#2





F#3





S#1





S#0





Super-Frame Header: System Configuration Information, Paging, other Broadcast Information





Frame (Frames are numbered F0 to F3)





Sub-Frame 


(Sub-frames are numbered SF0 to SF7)





OFDM Symbols (Symbols are numbered S0 to S5)





Super-Frame





























































































































SF#6





SF#7











SF#0





Frame Structure from the Group II MS point of view (H-FDD)





Frame Structure from the Group I MS point of view (H-FDD)





Frame Structure from the BS point of view (full FDD)





UL


F2





DL


F1





UL


F2





DL


F1





UL


F2





DL


F1





DL





DL





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





UL





DL





DL





DL





DL





DL





DL





UL





UL





UL





UL





UL





UL





DL





Switching Point





New UL Zone





Legacy UL Zone





New DL Zone





Legacy DL Zone





5 ms Radio Frame





SF#0


DL





SF#1


DL





SF#2


DL





SF#3


DL





SF#4


DL





SF#5


UL





SF#6


UL





SF#7


UL





SF#0


DL





SF#1


DL





SF#2


DL





SF#3


DL





SF#4


DL





SF#5


UL





SF#6


UL





SF#7


UL





SF#0


DL





SF#1


DL





SF#2


DL





SF#3


DL





SF#4


DL





SF#5


UL





SF#6


UL





SF#7


UL





UL





DL





Idle Time





New UL Zone





Legacy UL Zone





Idle Time





New DL Zone





Legacy DL Zone





5 ms Radio Frame





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





SF#0





SF#1





SF#2





SF#3





SF#4





SF#5





SF#6





SF#7





UL


ACK/NACK





DL


Transmission/


Retransmission





UL 


ACK/NACK





DL


Transmission/


Retransmission





UL


ACK/NACK





DL


Transmission/


Retransmission





UL 


ACK/NACK





DL


Transmission





DL/UL = 1:1 (Fast Feedback)





DL/UL = 1:1 (Slow Feedback)





RTT: Round Trip Time = 8 Tsub-frame





UL ACK/NACK





DL Transmission/


Retransmission





UL ACK/NACK





DL Transmission





UL ACK/NACK





DL Transmission/


Retransmission





UL ACK/NACK





DL Transmission





DL





DL





UL





UL





DL





DL





UL





UL





DL





DL





UL





UL





DL





DL





UL





UL





DL





DL





UL





UL





DL





DL





UL





UL





Step





Radio Frame = 5 ms





DL





DL





DL





DL





UL





UL





UL





UL





DL





DL





DL





DL





UL





UL





UL





UL





DL





DL





DL





DL





UL





UL





UL





UL





DL/UL = 5:3 (Legacy Support)





Propagation Time + BS/MS Processing Time (3 sub-frames)





DL





DL





DL





DL





DL





UL





UL





UL





DL





DL





DL





DL





DL





UL





UL





UL





DL





DL





DL





DL





DL





UL





UL





UL





Radio Frame = 5 ms





TTI: Transmission Time Interval (TTI) = n Tsub-frame  n=1,2, …, 8





UL ACK/NACK





DL Transmission/


Retransmission





UL ACK/NACK





DL Transmission/


Retransmission





UL ACK/NACK





































































































DL Transmission





UL


F2





DL


F1





RTT: Round Trip Time = 6 Tsub-frame
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Description





IEEE 802.16m Value





0





MS wakeup time





Implementation Dependent





1





MS Processing Delay





1.23 ms





2





Frame Alignment





0.31 ms





3





TTI for UL DATA PACKET (Piggy back scheduling information) 





0.617 ms





4





H-ARQ Retransmission (FER = 30%)





0.3* 4.3 ms





5





BS Processing Delay





1.23 ms





6





R6 Transfer delay





TR6





7





ASN-GW Processing delay





T’ASN_GW











Total one way access delay





4.67 ms + T’ASN_GW+TR6





IEEE 802.16e Value





Implementation Dependent





2.5 ms





2.5 ms





5 ms





0.3*20 ms





2.5 ms
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18.50 ms + TASN_GW+TR6
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Initial Ranging (RNG-REQ + BS Processing + RNG-RSP) 
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Capability Negotiation (SBC-REQ + BS Processing + SBC-RSP) + H-ARQ Retransmission @ 30%
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Authorization and Authentication/Key Exchange (PKM-REQ + BS Processing + PKM-RSP + …) +H-ARQ Retransmission @30%
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Registration (REG-REQ + BS/ASN-GW  Processing + REG-RSP) + H-ARQ Retransmission @30%
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RRC Connection Establishment (DSA-REQ + BS Processing + DSA-RSP + DSA-ACK) + H-ARQ Retransmission @30%











Total C-plane connection establishment Delay











Total IDLE_STATE –> ACTIVE_STATE Delay





IEEE 802.16e Value





Implementation dependent
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> 15 ms


(0.3*20 ms for H-ARQ ReTX)
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(0.3*20 ms for H-ARQ ReTX)





> 15 ms


(0.3*20 ms for H-ARQ ReTX)





> 15 ms
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Implementation dependent
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(0.3* 4.3 ms for H-ARQ ReTX)





< 5 ms
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< 5 ms
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