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1. Introduction
In the current 802.16e/j system, the evident disadvantages are twofold: the overhead of UL control signals and the transmission delay of control messages. The 802.16m system, which is expected to support high speed mobility and broadband access, may deploy relay stations in the network architecture. The design of 16m system will encounter numerous crucial issues, such as frequent handover, multi-hop relaying, synchronization, and so on. Relaying control signals from base station (BS) to mobile station (MS) via relay station(s) (RS) and vice versa is a straight solution for multi-hop system, but by no means the most efficient one. In order to curb the performance inefficiency of transmission latency and bandwidth consumption of control signals, we propose to allocate the universal control (UC) channel(s) in 802.16m system.


The adopted UC channel in 16m system should have the following properties:

· Anti-interference

· Low data rate, and
· Controllable power spectrum density.

In order to achieve signal robustness, particularly in uplink direction, the selected transmission technology should have the capability to suppress the interference from the other coexistent systems. Because most of control signals are infrequent and has shorter appearance time than data message, the required link-level throughout in UC channel could be low. It is worthwhile to note that the power spectrum density affects the coverage range of UC channel in 16m system and the signal interference level from UC channel to 16m OFDMA channel. Usually, the coverage area of UC channel is determined by the network operator while developing 16m system and the signal interference between UC channel and OFDMA channel could be minimized by allocating guard band between them and/or controlling the power spectrum density of UC channel. 
Transmission technology of UC channel may adopt one of existing technologies, such as OFDM, TDMA, CDMA, or even a hybrid one.
2. Usage Scenario of UC Channel
The proposed UC channel can facilitate the efficient transmissions of control signals in both directions. In uplink direction, the UC channel can be used to carry the time-critical HARQ ACK/NAK reports, CQI reports, DL congestion/flow control signals, ranging signals, bandwidth requests, handover control signals, location update control signals, cooperative diversity/MIMO control signals, and so on. In downlink direction, the UC channel can be used to carry the handover control signals, UL power control signals, UL congestion/flow control signals, paging, traffic indications, and so on. Five examples of UC channel carrying urgent control signals are shown as follows: 
2.1 Carrying Handover Signals over UC Channel

Fig. 1 depicts the example of exchanging handover signals among MS and BSs over UC channel. In this scenario, a number of neighboring BSs can listen to the handover signals exchanged on the UC channel and the fast handover among BSs is accomplished when all neighboring BSs proactively cooperate in the handover process.
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Figure 1. The UC channel carrying handover signals.
2.2 Carrying Handover Signals over UC Channel in Multi-hop Relay Systems
The benefit portrayed in above example can be applied in multi-hop relay systems. In Figure 2 shows a set of neighboring BSs and RSs, which can listen to the handover signals transmitted on the UC channel, cooperate in process of fast handover or route switching between MS and BS.
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Figure 2. The UC channel carrying handover signals in multi-hop relay systems.
2.3 Carrying UL HARQ ACK/NAK Signals over UC Channel
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As shown in Figure 3, the UL HARQ ACK/NAK signal related to the received 2-hop DL HARQ bursts is transmitted from MS and RS to BS directly in a multi-hop relay system. When MS reports the ACK/NAK signal on UC channel, the RS also knows the reception status of MS for specific. If the signal from MS can not reach the BS directly, then the HARQ ACK/NAK signals from MS to BS still could be transmitted on UC channel via lesser RSs.
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Figure 3. The UC channel carrying UL HARQ ACK/NAK signal.
2.4 Carrying CQI Report over UC Channel
Same advantage could be derived if the CQI reports of MS/RS are transmitted either from MS/RS to BS directly or via lesser RSs in the multi-hop relay systems as shown in Figure 4.
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Figure 4. The UC channel carrying CQI report sent from MS/RS.
2.5 Carrying Traffic Indication Signals over UC Channel
In the 802.16e system, the delay of BS waking up an MS for data reception is determined by the sleep interval at that time. If the power consumption of accessing UC channel is lower than that in 16m OFDMA channel, the scheduled sleep periods on UC channel could be shorter than that on 16m OFDMA channel. The efficiency of process that BS wakes up MS via broadcasting traffic indication signals is improved.
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Figure 6. The UC channel carrying traffic indication signals.

3. The Frame Structure Supporting UC Channel
The proposed UC channel could operate in either frequency-division-duplex (FDD) mode or time-division-duplex (TDD) mode. Figure 7 and Figure 8 depict the frame structures, wherein the UC channel(s) is allocated in TDD and FDD mode respectively. 
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Figure 7. The frame structure with UC channel in TDD mode.
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Figure 8. The frame structure with UC channel in FDD mode.
4. Coverage Area of UC Channel 

UC channel is designed to assist 16m system in aspects of signaling latency reduction and bandwidth efficiency improvement. Concerning the channel resource and interference caused from UC channels, the number of UC channels in 16m system should be well controlled. Figure 9 illustrates the coverage area of UC channel is equal to the cell size formed by BS or RS. 
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Figure 9. A number of seven UC channels are allocated in the system, which comprises seven cells.

It is evident that the required number of UC channels is seven in this scenario, as one UC channel allocated for one BS or RS. Here, we introduce the concept of UC channel merging, which can save considerable amount of channel resource allocated for UC channel. We suggest extending the coverage of UC channel, whereby the seven distinct UC channels is merged as one common UC channel. Disadvantages of merging UC channel are: 1) the power spectrum density becomes higher and 2) the bandwidth allocated to each station becomes fewer. Figure 10 is an example, where the coverage area of UC channel is as large as 7 cells. In summary, the total number of UC channels is reduced from 7 to 1.
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Figure 10. One UC channel is allocated and shared in cluster of seven cells.

5. Proposed Protocol Structure and Functions

The protocol structure and functions have been proposed in contributions C80216m-07_297 and C80216m-07_301. The protocol structure and functions in MAC layer are amended to support the UC channel, as shown in Figure 11. The UC channel can be viewed as a PHY entity. Control and resource management across PHY entities are performed by the same set of MAC protocol function. Figure 12 depicts the control flow between MAC and PHY layers in the system, wherein the UC channel is allocated.
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Figure 11. Protocol structure and functions of 16m system to support UC channel.
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Figure 12. Control flow between MAC and PHY layers in 16m system supporting UC channel.

6. Summary and Recommendation
We propose to allocate the UC channel to assist 16m system with or without relay stations to achieve fast transmissions of UL requests, UL information reports and DL commands. A proper UC channel design is essential to provide superior coverage area, power spectrum density, and signal reliability. However, adopting UC channel will incur new issues: 1) interference between UC channel and 16m OFDMA channel, 2) the additional bandwidth allocated to UC channel, and 3) adequate power density required for UC channel to cover a designated area. Further investigations and discussions on them are required.
Our recommendation is to adopt the text in sections 2, 3, 4, 5 into the IEEE 802.16m System Description Document.
7. Text Proposal
+++++++++++++++++++++ start text proposal +++++++++++++++++++++++++++
[Insert new sub-clauses in Chapter 4 Overall Network Architecture (informative) [3]]:
4.x Universal Control (UC) channel
The 802.16m system, which is expected to support high speed mobility and broadband access, may deploy relay stations in the network architecture. The design of 16m system will encounter numerous crucial issues, such as frequent handover, multi-hop relaying, synchronization, and so on. Relaying control signals from base station (BS) to mobile station (MS) via relay station(s) (RS) and vice versa is a straight solution for multi-hop system, but by no means the most efficient one. In order to curb the performance inefficiency of transmission latency and bandwidth consumption of control signals, the 16m system should allocate the universal control (UC) channel(s).

The adopted UC channel in 16m system should have the following properties:

· Anti-interference

· Low data rate, and
· Controllable power spectrum density.

In order to achieve signal robustness, particularly in uplink direction, the selected transmission technology should have the capability to suppress the interference from the other coexistent systems. Because most of control signals are infrequent and has shorter appearance time than data message, the required link-level throughout in UC channel could be low. It is worthwhile to note that the power spectrum density affects the coverage range of UC channel in 16m system as well as the signal interference level from UC channel to 16m OFDMA channel. Usually, the coverage area of UC channel is determined by the network operator at the 16m system development stage and the signal interference between UC channel and OFDMA channel could be minimized by allocating guard band between them and/or controlling the power spectrum density of UC channel. 

Transmission technology of UC channel may adopt one of existing technologies, such as OFDM, TDMA, CDMA, or even a hybrid one.
4.x.1. Coverage area of UC channel
UC channel is designed to assist 16m system in aspects of signaling latency reduction and bandwidth efficiency improvement. Concerning the channel resource and interference caused from UC channels, the number of UC channels in 16m system should be well controlled. Figure aaa illustrates the coverage area of UC channel is equal to the cell size formed by BS or RS.
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Figure aaa. A number of seven UC channels are allocated in the system, which comprises seven cells.

It is evident that the required number of UC channels is seven, as one UC channel allocated for one BS or RS. The concept of UC channel merging, which can save considerable amount of channel resource allocated, is useful for UC channel allocation. By extending the coverage of UC channel, the seven distinct UC channels is merged as one common UC channel, as shown in Figure bbb. However, disadvantages of merging UC channel are: 1) the power spectrum density becomes higher and 2) the bandwidth allocated to each station becomes fewer.
[image: image19.wmf]FCH

DL

-

MAP

P

r

e

a

m

b

l

e

UL

-

MAP

D

o

w

n

l

i

n

k

U

p

l

i

n

k

802

.

16 

m DL

DL UC channel

Frame Duration

Guard band

802

.

16

m UL

UL UC channel


[image: image20.emf]BS/RS

BS/RS

BS/RS

BS/RS

BS/RS

BS/RS

BS/RS


Figure bbb. One UC channel is allocated and shared in the cluster of seven cells.

[Insert new sub-clause in Chapter 5 IEEE 802.16m Air-Interface Protocol Structure [3]]:
5.x Reference model of access network
The figure below shows the proposed access network architecture. The 16m BS is associated with zero or more 16m RSs, zero or more 16e MSs and zero or more 16m MSs. The R1 interface is specified by the IEEE 802.16e-2005 standard. The R1’, R1’x, R1’y, R1’z, and R1’u interfaces are specified by IEEE 802.16m standard. R1’z interface applies to the case when more than two hops is supported. R1’u interface applies to the case when one or more hops is supported. 

The IEEE 802.16m BS and IEEE 802.16m RS support legacy IEEE 802.16e MSs via the R1 interface. Support for IEEE 802.16m MSs is provided either directly by the IEEE 802.16m BS or by the IEEE 802.16m RS via the R1’ and R1’x interfaces respectively. Communications between the IEEE 802.16m BS and IEEE 802.16m RS and between instances of the IEEE 802.16m RS occurs over R1’y and R1’z interfaces respectively. Communications of control signals occur over R1’u interface among instances of 16m BSs, 16m RSs, and 16m MSs. 


[image: image1]
Figure ccc. Reference model of access network
[Insert new sub-clause in Chapter 8 IEEE 802.16m Air-Interface Protocol Structure [3]]:
8.x Protocol structure supporting UC channel
The protocol structure and functions in MAC layer to support the UC channel are shown in Figure xxx. The UC channel can be viewed as a PHY entity. Control and resource management across PHY entities are performed by the same set of MAC protocol function.
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Figure xxx. Protocol structure and functions of 16m system to support UC channel.

[Insert new sub-clause in Chapter 11 Physical Layer [3]]:
11.x The frame structure supporting UC channel
The UC channel could operate in either frequency-division-duplex (FDD) mode or time-division-duplex (TDD) mode. Figure yyy and Figure zzz depict the frame structures, wherein the UC channel(s) is allocated in TDD and FDD mode respectively. 
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Figure yyy. The frame structure with UC channel in TDD mode.
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Figure zzz. The frame structure with UC channel in FDD mode.

++++++++++++++++++++ End of text proposal ++++++++++++++++++++++
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