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Considerations on Subframe Control Channel Design of IEEE802.16m
Youngsoo Yuk, Kiseon Ryu and Ronny (Yong-Ho) Kim
LG Electronics
1. Introduction
We proposed a new subframe control structure at the session #54, in Orlando, USA [1]. 
We can summarize the characteristics of the proposed control structure as Hybrid TDM/FDM, separate coding, flexible scheduling and so on. Among its features, this contribution focuses on the multiplexing structure. 
After brief description of the proposed Hybrid TDM/FDM scheme, the comparison results between TDM, FDM and Hybrid TDM/FDM schemes are presented. This contribution helps your understandings about the advantages of the proposed Hybrid TDM/FDM scheme.
2. Hybrid TDM/FDM schemes

We proposed the hybrid scheme of TDM and FDM at #54, at Orlando. 
Figure 1 shows the overall downlink control structure of our proposal. The subframe MAP always located ath the first OFDMA symbol, and FDM subframe MAP is used according to its requirement.
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Figure 1 Overall Downlink Control Channel Structure
In the hybrid scheme, the downlink Subframe MAPs should be allocated to TDM symbol and the uplink Subframe MAP can be allocated to both a TDM symbol and FDM subchannels. 
Each region can be mapped as follows.

· TDM Mapping

The basic physical control resource unit of control channel is a CRU (control resource unit) which is composed of 18 consecutive subcarriers in the frequency domain. The pilots within a CRU can be either dedicated or common pilots.

The basic allocation unit is control allocation unit (CAU), which is composed of several CRUs. Multiple subframe MAPs can be located at a CAU. Tone-wise permutation can be applied to CRUs in a CAU for diversity gain, and several CRUs can be allocated to a subframe MAP without permutation for frequency selectivity gain. At least one CAU should be allocated for diversity control channel to transmit SFCH. 

Multiple CAUs shall be allocated according to the required number of resource for control channels in the subframe, whereas the remained CAUs in the OFDMA symbol can be allocated for data bursts or can be left empty for minimizing inter-cell interference. 

One or several CRUs form control subchannels, and localized and distributed mapping can be applied to each CAU.
[image: image2.emf]…

Uplink Subframe MAP

(Supplementary)

Subframe MAP (Downlink /Uplink)

SFCH

Data Bursts

Subchannels

Time

1 OFDMA Symbol

1 OFDMA Symbol

(b) Logical Subchannel

(a) Physical CRUs

CRU

(18x1)

Diversity

Mapping

Localized

Mapping

CAU 1

CAU  2

CAU 3

CAU 4

Permutation

Permutation

……

……

……

……

Cell

-

specific Rotation (0,1,2,3)

……

……

……

……

SFCH

Subframe 

MAPs

CAU 1

CAU  2

CAU 3

CAU 4

……

……

……

……

……

……

……

……

…

Uplink Subframe MAP

(Supplementary)

Subframe MAP (Downlink /Uplink)

SFCH

Data Bursts

Subchannels

Time

1 OFDMA Symbol

…

Uplink Subframe MAP

(Supplementary)

Subframe MAP (Downlink /Uplink)

SFCH

Data Bursts

Subchannels

Time

1 OFDMA Symbol

1 OFDMA Symbol

(b) Logical Subchannel

(a) Physical CRUs

CRU

(18x1)

Diversity

Mapping

Localized

Mapping

CAU 1

CAU  2

CAU 3

CAU 4

Permutation

Permutation

……

……

……

……

Cell

-

specific Rotation (0,1,2,3)

……

……

……

……

SFCH

Subframe 

MAPs

CAU 1

CAU  2

CAU 3

CAU 4

……

……

……

……

……

……

……

……

CAU 1

CAU  2

CAU 3

CAU 4

Permutation

Permutation

……

……

……

……

Cell

-

specific Rotation (0,1,2,3)

……

……

……

……

SFCH

Subframe 

MAPs

CAU 1

CAU  2

CAU 3

CAU 4

……

……

……

……

……

……

……

……


Figure 2 Resource Mapping for TDM control channel region

· FDM Mapping

The FDM control region is composed of several distributed subchannels, where the information of the resource allocation for FDM subframe MAP is informed by SFCH or SFH. Any kind of pre-reservation is required for FDM MAP, and regular distributed subchannels are used.
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Figure 3 Resource Mapping for FDM control channel region

3. Comparisons between multiplexing schemes
In this chapter, we provide the comparison results of the performance of multiplexing schemes, TDM, FDM and Hybrid TDM/FDM. Various characteristics are considered. The detailed comparison results are as follows.
· Processing Delay
The overall processing delay is composed of various processing delay. The figure 4 shows the difference between TDM and FDM multiplexing case for calculating the decoding delay. Because MAP decoding can be over before end of the subframe in TDM, we can start the decoding processing earlier than FDM. On the other hand, with FDM, since the decoding of MAP should be started after receiving of all the symbols in a subframe, the delay is longer than TDM. 
The relation between two delays can be described with following equation.
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The processing delay can affect to the feedback latency. Table 1 shows the comparison results We assume a 2 TTI’s delay for 
[image: image5.wmf]g

ULproces

TDM

g

proces

T

TA

T

sin

,

sin

2

+

+

, and a 0.5 TTI delay for 
[image: image6.wmf]t

+

Decoding

MAP

T

. Except 4:4 of configuration case, more than 1 TTI of latency gain is achieved by using TDM rather than FDM Subframe MAP. Thus, TDM is more efficient for low latency scheduling. However, this comparison can just be referred to downlink control channel design. In TDD system, the uplink subframe MAP is followed by the uplink subframe with some amount of subframe offsets. Thus, the small decoding delay does not generate any feedback delay. Hence, it is possible to apply the different subframe MAP channel structure for downlink and uplink subframe MAPs. Thus for DL subframe MAP, Hybrid TDM/FDM is the same as TDM.
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Figure 4 Comparison of processing delay between TDM, Hybrid TDM/FDM and FDM

Table 1. Comparison result of average feedback delay according to subframe configuration

	DL:UL Ratio
	Delay (TDM and Hybrid TDM/FDM)
	Delay (FDM)
	Difference (ms)

	5:3
	1.6 
	2.6
	1   (1.6 TTIs)

	4:4
	1.85
	1.85
	0

	4:4 (2 switching point)
	1.85
	2.78
	0.93 (1.5 TTIs)

	6:2
	2.47
	3.29
	0.82 ( 1.3 TTIs)

	FDD
	1.23
	1.85
	0.62 (1 TTI)


· Buffering Complexity
The required memory size is most important factor of MS complexity. The resource allocation scheme affects to the required memory size, in detail, the buffer after FFT in the MS receiver. If we assume that one or two symbols are used in TDM scheme and the decoding time is the same in both cases, we can simply know that additional buffers for loading 4~5 symbols are required in FDM scheme compared to TDM scheme.  Table 2 shows the comparison results of the required buffer size for various multiplexing scheme. The additional buffer size for FDM is about 16.9~84.4 KB ( 864 subcarriers/10MHz/symbol x 2 (for I/Q channels) x 10 (bits for each sample) x 2 or 4 (for receiver antennas)).
The buffer size is also related to DL subframe MAP. Thus the required buffer size of Hybrid TDM/FDM is the same as TDM with one OFDMA symbol. In addition, in hybrid scheme, basically one OFDMA symbol is used for DL control channel for a subframe. 
Table 2. Required Buffer Size (Assuming 3 symbols for MAP decoding)

	Configuration
	Hybrid TDM/FDM, TDM 
(1 OFDMA symbol)
	TDM 

(2 OFDMA symbols)
	FDM 
(6OFDMA symbols)
	Additional buffer size  for FDM

	
	4 symbol-buffering 
	5 symbol-buffering
	9~10 symbol-buffering
	5~6 symbols

	10 MHz,  

2 Rx Antennas
	17 KB
	21 KB
	38 ~ 42 KB
	21 ~ 25 KB

	20 MHz, 

2 Rx Antennas
	34 KB
	42 KB
	76 ~ 84 KB
	42 ~ 50KB

	20 MHz, 

4 Rx Antennas
	67.5 KB
	84.4 KB
	152 ~ 169 KB
	84.4 ~ 101 KB


· Microsleep and Power Saving
Furthermore, TDM structures have an advantage of microsleep concept. If an MS does not have any burst in the corresponding subframe, the MS can turn off its RF receiver until the next subframe. Microsleep refers to this short period which helps saving power consumption of MS. The default subframe size of 6 OFDMA symbols, which is 617us. Assume that 0.5 TTI of Subframe MAP decoding time is required and the control channel may be located in the first symbol. Then, it is possible for MS to turn off its receiver module for about 2 symbols (33%). On the other hand, in case that two OFDMA symbols are allocated for control channel, the microsleep duration decrease to just one symbol. Actually, the real RF turn-off time is shorter than one symbol because of transition time. On the other hand, the gain of microsleep can become large if we use longer subframes by adopting subframe grouping.
This duration can be used for multiple purposes instead of being used for microsleep. It can be used as the measurement time for the inter-frequency and/or the inter-RAT handover. In addition, the sleep duration can be used for the other radio access operated on ISM band such as WLAN and Bluetooth etc. Even though the duration of microsleep is small, we can save the power in the baseband module by omitting FFT/channel estimation and MIMO decoding for some OFDMA symbols. 
In FDM structures, as all the symbols in the subframe contain subframe MAP, the gains of microsleep cannot be achieved. 
However, the influence of the uplink subframe MAP located in FDM region on microsleep is relatively small. Since the downlink scheduling is performed by BS, MS cannot know when the downlink data is transmitted. Thus, MS should always search the downlink subframe MAP to catch the data. On the other hand, the uplink grant is generally the response to the uplink request, and MS can know if uplink grant is transmitted within some duration or not. Thus, microsleep can be partially achieved. In addition, since uplink grant can be included in TDM region, a MS which find its uplink grant can microsleep. 
Thus in Hybrid TDM/FDM, the microsleep gain can be achieved.
· Resource Allocation Granularity of MAP(Overhead)

Without consideration about power control, the overhead can be evaluated by the used number of subcarriers.

In the EMD documents, it is assumed that the downlink control channel requires about 6 symbols in a frame [2]. It is about 12.5% of resource in a frame, and 20% of downlink resource. In addition, in 3GPP LTE system, the practical ratio of the downlink control channel is 14.3% (2symbols/14symbols) or 21.4% (3symbols/14symbols) [3]. In this contribution, we assume that the ratios of the total required resource for the downlink control channel in a subframe is 20%.

Considering TDM, one symbol is 16.67% of a subframe. Thus for allocating the 20% of resources to the downlink control channel, 1.2 symbols are required. In TDM, the maximum overhead of the downlink control channel should be limited below 16.67% (one symbol). Though we can consider the use of 2 symbols for the downlink control channel, the ratio is increased up to 33.3% of the subframe. 

However, in FDM, a more flexible resource usage is possible. Assuming that the basic resource block (RB) is composed of 108 subcarriers (18(subcarriers) by 6 (symbols)) where a subframe will have a total of 48 resource blocks, 10 RBs are enough for allocating 20% of the resource. 10 RBs are 20.8% of the total resource in a subframe (the wasted resource is just about 0.8%). 

Because the size of one RB is smaller than that of a single symbol, FDM provides finer granularity than TDM. 
In Hybrid TDM/FDM, two types of resource units enhance the flexibility. One is supplementary FDM channel, and the other is CAU. The granularity of FDM subchannel in hybrid scheme is the similar with that of FDM subchannel already mentioned. Because of TDM OFDMA symbol, a FDM subchannel in hybrid scheme is composed of 90 subcarriers (18x5). As we described in [1], CAU is a control allocation unit, and 3~8 CAUs can be used in a cell. If we assume that 8 CAUs are used in 10MHz system, 1 CAU is composed of 6 CRUs (Control Resource Unit: 18x1). In this case the size of CAU is the same as 1 RB in FDM. If we assume that 6 CAUs are used, 1 CAU is composed of 8 CRUs (144 subcarriers).
· MAP scheduling gain
The size of minimum allocation unit for subframe MAP is deeply related to the pilot structure. In [1][4], 18x1 is proposed as a basic allocation structure for TDM MAP. Thus it is easy to support various MAP size and MCS. 
In addition, since each unit can be controlled independently, it is easy to support various link adaptation schemes. Each unit can be allocated to the localized control channel or the diversity control channel. On the other hand, the localized subchannel for control channel is more difficult rather than TDM. 

For this control independence, various link enhancement schemes (e.g. band selection, transmit diversity, etc) can be easily supported in TDM. These gains save the transmit power for the control channel. 
For the frequency selective gain, a group of subcarriers in frequency domain should be allocated to one subframe MAP, and that subframe MAP should be transmitted through the preferred band for MS. In TDM, it is easy to allocate some subcarriers as localized resource for subframe MAP. However, in FDM, the freedom is reduced by 6, the size of the basic allocation unit is Nsc,TDM x1 subcarriers (Nsc,TDM =18 for [1][4]). If the size of one subframe MAP is lager than Nsc,TDM, the localized allocation of subframe MAP is possible. The size of the basic allocation unit of FDM is Nsc,FDM x6 subcarriers, and it may be lager than that of TDM. Considering small MAP size, it seems to be hard to apply localized subchannel with FDM.
· Power balancing and sharing
Power control has an advantage for maintain the size without consideration of the MS geometry. In addition, the control granularity is better than rate control. In TDM, for applying power control, the reservation of the power control margin is required. The maximum cell throughput is limited by the amount of the unused resource reserved for control. In FDM, since the power of control channels can be shared with that of data channels, SINR gains can be achieved compared to TDM. 

However, the dynamic sharing of the power yields problems of CQI mismatch and interference. Since the transmit power of each subcarriers is changed, the interference powers received from other cell can vary at every subframe. CQI variations occur when the transmission Since CQI is a function of both fading channel and the interference level, the power variation makes CQI unreliable. In this case, the AMC gain may be reduced, and more careful interference mitigation techniques should be applied. In addition, the coverage of the data channel can be reduced by the power sharing. Thus the ratio of power sharing should be limited up to small amount of power, and this constraint may reduce the power sharing gain of FDM.  
In Hybrid TDM/FDM, it is possible to share the power of data channels with the control channel by using supplementary FDM control channel. In case of the total required resource for control channel is less than one OFDMA symbols, some power loss can be occurred. However the introduction of CAU as an allocation unit mitigates this loss. If we assume that 6 CAUs are used in a sector, the ratio of a CAU is just 2.8% of one subframe. 

· E-MBS support

Even though in the dedicated MBS subframe in which SFN is deployed the control channel related to uplink subframes should be transmitted. In this case, power sharing between data and control cannot be performed. In this case, it is difficult to support various conditions only with power control. Thus, the rate control should be performed to guarantee the reliability of subframe MAP. With TDM multiplexing, since the region between data and control is separated, and the control mechanism can be maintained even in the MBS subframe. 
· Effect on the resource allocation of data channel
For more efficient control, various broadcast or multicast channels were proposed in many contributions (MICH proposed in C802.16mDL_ctrl-08/016, SCI proposed in C802.16mDL_ctrl-08/024, control zone format indicator channel proposed in C802.16mDL_ctrl-08/026, MAP heading proposed in C802.16mDL_ctrl-08/030, sub-frame control header proposed in C802.16mDL_ctrl-08/032r1 and MCCS proposed in C802.16mDL_ctrl-08/023). These channels may contain various control information for MAP decoding, subframe configuration etc, and may be located in a fixed and predefined location. Thus some resources should be reserved for these channels. In TDM, this reserved resource can be located in the TDM control region. On the other hand, with FDM, the reserved resource may be located in special subchannels, and this reservation affects to the scheduling of data allocation especially on the scheduling of the localized subchannels. In addition, if we want to reserve the resource for all the control channels, then about 20% of frequency resource cannot be allocated to the localized subchannels. This limitation can reduce the frequency selectivity gain.
Table 3 describes the advantages and drawbacks of TDM and FDM multiplexing schemes. In addition, table 4 shows the comparison results of the three multiplexing schemes. Though TDM has many advantages on the MS complexity, latency, power saving and simple control/scheduling capability etc, the poor performance of the resource usage is a too much of a drawback. FDM has advantages on good resource usage for better granularity and power sharing. However, the advantages of TDM are also considered as drawbacks of FDM.
Hybrid TDM/FDM shows good performance in most of the fields by enhancing the poor resource usage performance of TDM. 

Table 3 Comparison between TDM and FDM allocation methods

	
	TDM
	FDM

	Advantages
	· Short feedback delay
· MS power saving with microsleep

· Simple separation of data & control region especially on MBS subframe
· Low MS complexity with small required buffer size
· High frequency diversity
· Frequency selective allocation gain
	· High granularity of the ratio between the control channel and the data channel
· Relatively low unused subcarriers.

· Better MAP coverage by power sharing with the data channel

	Drawbacks
	· Low granularity of the ratio between the control channel and the data channel
· Coverage/throughput loss due to large unused subcarriers
	· Relative long feedback latency (upto 1ms)

· Large required buffer size for MS

· Cannot apply microsleep

·  Selectivity loss for localized subchannel  comes from pre-allocated control RB
· Hard to achieve frequency selective gain


Table 4 Comparison of the characteristics of the various allocation schemes

	
	FDM
	TDM
	Hybrid TDM/FDM

	Processing delay
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	Same as TDM

	Microsleep
	Impossible
	Possible (2 symbols)
	Partially Possible

(if no FDM UL MAPs)

	Symbols to be buffered after FFT (Assuming 0.5TTI (3 symbols) for MAP decoding)
	9~10 symbols
(Additional 21~101KB)
	4~5 symbols
	4 symbols 

	Frequency Selectivity Gain for MAP
	Hard to apply
	Possible
	Possible with TDM

	Flexible Resource Usage

(Power and Subcarrier)
	Good
	Poor
	Slightly less than FDM

	Allocation unit/ % ratio w.r.t. one subframe
	1 RB/

2.08%
	1 symbol/

16.67%
	1 CAU and 

1 subchannel (2~4%)

	Effects on resource allocation of data channel
	Some limitations on localized RB 
	No Limitation
	Same as TDM

	Overhead for indicating MAP size (Assuming 16%~25% of control overhead)
	3~4 bits

(8~12 RBs)
	0~1 bit

(1~2 OFDMA symbols)
	2~3 bits

(4 CAUs ~ 1 OFDMA symbol + 4 subchannel)


4. Transmission Scheme of Subframe Control Channels

The important issues on the transmission scheme are coding structure and link adaptation structure.
Table 5 shows the comparison results between separate coding and joint coding. Though joint coding has advantages of coding gain, low indication overhead, we prefer separate coding due to low complexity and link adaptation gain. 

For achieving target FER, link adaptation scheme for the subframe control channel is very important. Power control provides good control granularity and simple decoding performance. However, the power fluctuation can be a sever interference to the adjacent cells. Thus the range of power fluctuation should be limited. Thus, we prefer the combination of rate and power control. The several (3~4) MCSs are supported for rate control, and each control channels can be power controlled with small control step.

Table 5 Comparison between Separate Coding and Joint Coding
	
	Separate Coding
	Joint Coding

	Advantages
	· Band Selection Gain

· Simple Coding/Decoding (TBCC with small size)
· Link Adaptation Gain (Power control, AMC)
	· High Coding Gain (CTC)

· Relatively high diversity gain

· Low Resource Indication Overhead

	Drawbacks
	· High Resource Indication Overhead

· Relatively lower diversity gain than JC
	· High Decoding Complexity

· Hard to get link adaptation gain (PC, AMC)

· Cannot adopt band selection gain

· Variable MAP size


Table 6 Comparison between Rate Control and Power Control
	
	Rate Control (Variable MCS)
	Power Control (Fixed MCS)

	Advantages
	· Static interference (Easy to control)

· Can utilize higher-order modulation
	· High Control Granularity

· Easy to apply the blind decoding

	Drawbacks
	· Low Control Granularity

· Hard to blindly decoded

· 
	· Hard to manage interference (Dynamic variation of  interference)

· Require feedback channel for control channel

· Cannot utilize higher-order modulation


5. Conclusion 
In this contribution, the various considerations on the design of subfame control channels are presented. 

First, the comparison results between various multiplexing options are presented. From the comparison, we can summarize the advantages of TDM and FDM schemes.

· TDM advantages

· Low MS complexity and short latency

· Power Saving

· Easy to support frequency selectivity gain

· Easy to scheduling of data and control channel

· FDM advantages

· Good resource granularity

· Coverage enhancement for power sharing between control and data channel.

· Short latency 

· FDM has advantages of supporting larger coverage comes from the power sharing between control and data channel. 
· To maintain resource size without considerations of the size of the control.

The proposed Hybrid TDM/FDM can support most of the advantages of both TDM and FDM. The supplementary FDM subframe MAP advances the granularity of TDM scheme, and additional CAU concept in TDM scheme also make possible to sharing the control power with data power.
Second, we discussed about the transmission scheme. Considering the MS complexity and stable control, we prefer separate coding with variable MCS. The power control can be applied for enhancing the control performance. 
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Text Proposal for the IEEE802.16m SDD

============================== Start of Proposed Text =================================

11.x.5 Unicast Service Control Structure
11.x.5.2 Multiplexing scheme for data and unicast service control
DL control channels and data are multiplexed in a subframe using a combination of TDM and FDM. 

One OFDMA symbol is used for default configuration with one subframe. FDM multiplexing scheme is applied only for control channels related to uplink procedure if one OFDMA symbol is not enough to transmit all of the subframe control channels. 
11.x.5.4 Transmission Scheme

Multiple unicast service control information elements are coded separately and a different MCS can be used for each control information element that is transmitted. 
Control Information common to scheduled users is multicast, with
fixed modulation and coding.

============================== End of Proposed Text =================================
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