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Physical Resource Allocation Unit in IEEE 802.16m Downlink
Jinsoo Choi, Doo-hyun Sung, Wookbong Lee 
LG Electronics
Introduction
In IEEE 802.16m zone, for IMT-advanced requirement, optimized subcarrier allocation structure should be designed as aspects of resource assignment efficiency as well as reasonable overhead. Also, it should be considered incorporating with proposed frame/subframe structure and flexible legacy support. In this contribution, we analyze consideration factors for resource block design and propose the basic resource block structure for IEEE 802.16m DL resource allocation.
Consideration Points of Resource Block Design
1. Unified/multiple resource block structure regarding permutation mode separation

A resource block in the OFDMA PHY is composed of both a time and subchannel dimension resource and is the minimum possible data allocation unit. The design for resource block structure is dependent on the way of permutation mode (localized/distributed) separation, i.e. whether we allow the permutation mode separation in time domain or frequency domain. Figure 1 represents the resource allocation ways with permutation modes.
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<Figure 1: Resource allocation ways with localized/distributed permutation>

2. Distributed subchannlization and pilot allocation supporting  
When we generate physical subchannels by dividing distributed resource block, frequency domain resource block size of having more divisors is better for subchannelization. The possible divisors of various subcarrier size cases are following.
· 9-subcarrier size : equally divided into {3}

· 12-subcarrier size : equally divided into {2, 3, 4, 6}

· 18-subcarrier size : equally divided into {2, 3, 6, 9}
· 24-subcarrier size : equally divided into {2, 3, 4, 6, 8, 12}

· 36-subcarrier size : equally divided into {2, 3, 4, 6, 9, 12, 18}
Also, there are potential benefits of having a resource block size that is a multiple of the downlink reference symbol spacing in the frequency domain, which is preferred for simplifying the filtering operation in the channel estimation such as interpolation and for allowing equal data subcarrier numbers within each resource block. 
3. Resource block size 
When we design a basic resource block, we should consider the supporting for efficient usage of the transmission of small payload as well as minimizing resource indication overhead. Table 1 represents advantage/disadvantage according to the resource block size.
	
	Small resource block size
	Large resource block size

	Advantage
	· Good for small payload transmission 
	· Small resource indication overhead
· Efficient for designing dedicated pilot structure

	Disadvantage
	· Direct impact on the resource allocation signaling overhead 
· Not efficient for designing dedicated pilot structure 
	· Low efficiency of resource allocation for small packet transmission


<Table 1: Comparison between small and large resource block size>
4. Flexible resource allocation for legacy support

For legacy support requirement, the resource block design should consider on the flexible resource allocation for legacy support, especially the number of OFDM symbols composing of the basic resource block. If we exploit TDD system with legacy support mode, the legacy region and new 16m region can be existed in a frame divided on the way of TDM. In the #53 meeting in Levi, several subframe structures for legacy support are contributed. It should be set the number of OFDM symbols within a subframe becomes the same (one dimensional resource allocation way) or multiple numbers (two dimensional resource allocation way) of that in a basic resource block, otherwise there will be resource unit loss for data transmission. It is preferred one dimensional resource allocation method because of simple resource allocation and reduction of unnecessary indication overhead.  

Design of the Basic Resource Block Structure
In above sections, we discussed various consideration points of designing resource block structure. Now we focus on the resource block size, which are especially based on two factors. One is resource indication overhead and the other is resource allocation efficiency. 
1. Minimizing resource indication overhead vs. resource allocation efficiency 
First we discuss the resource indication overhead. Though the supporting small data packet transmission is important issue, it should not restrict other all data packet transmission, i.e. if we set the basic resource block structure to very small size because of a certain type’s packet transmission, the numerology can affect on the all other packet transmission such as unnecessarily signaling overhead. Table 2 shows an example of resource indication overhead assuming 10MHz bandwidth with 864 used subcarriers (assuming 3 resource block group indication for reducing signaling overhead). Based on the analysis in above section, (9, 12, 18, 24, 36)-subcarrier size cases are applied. In Table 2, it is shown the required bits increase as the resource block size grows. 
	RB size
	9-subcarrier
	12-subcarrier
	18-subcarrier
	24-subcarrier
	36-subcarrier

	Required bits
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	Required subcarriers
	192
	144
	96
	72
	48

	Percentage over total used subcarriers (864)
	22.22 %
	16.66 %
	11.11 %
	8.33 %
	5.55%


<Table 2: Required bits / subcarriers and percentage over total used subcarriers >

Since the increase of the required bits for resource indication directly affects on the system throughput, we should choose the proper size for the resource block size so that signaling overhead can be minimized. 

Now, we focus on the view of resource block efficiency, especially for the small data packet transmission. Generally, small-sized packets usually can be used for VoIP packets (normal voice packets and SIDs for comfort noise) and TCP ACKs in Table 3. 
	
	AMR 12.2kbps
	AMR SID
	TCP ACK

	Transport Block size
	46 bytes

(368 bits)
	 20 bytes

(160 bits)
	12 bytes

(96 bits)


<Table 3: Transport block size>

We analyze the number of required resource blocks and the corresponding number of required subcarriers according to the required QoS represented by MCS. With previously mentioned resource block structures, candidate RB configurations* and the number of subcarriers per one resource block are represented on Table 4.

	
	RB (9, 6)
	RB (12, 6)
	RB (18, 6)
	RB (24, 6)
	RB (36, 6)

	Number of data subcarriers
	39 subcarriers
	52 subcarriers
	78 subcarriers
	104 subcarriers
	156 subcarriers


<Table 4: Number of data subcarriers per RB>
* RB (x, y) means the resource block structure composed by x subcarriers and y OFDM symbols
Table 5 and 6 show required RBs/SCs (Resource blocks/Subcarriers) for each MCS to transmit AMR 12.2kbps and AMR SID packets. The relatively low and high MCSs are excluded from our analysis. 
	Modulation
	Code Rate
	RB (9, 6)

[Required RBs/SCs]
	RB (12, 6)

[Required RBs/SCs]
	RB (18, 6)

[Required RBs/SCs]
	RB (24, 6)

[Required RBs/SCs]
	RB (36, 6)

[Required RBs/SCs]

	QPSK
	1/12
	57 RBs / 2223 SCs
	43 RBs / 2236 SCs
	29 RBs / 2262 SCs
	22 RBs / 2288 SCs
	15 RBs / 2340 SCs

	QPSK
	1/8
	38 RBs / 1482 SCs
	29 RBs / 1508 SCs
	19 RBs / 1482 SCs
	15 RBs / 1560 SCs
	10 RBs / 1560 SCs

	QPSK
	1/4
	19 RBs / 741 SCs
	15 RBs / 780 SCs
	10 RBs / 780 SCs
	8 RBs / 832 SCs
	5 RBs / 780 SCs

	QPSK
	1/2
	10 RBs / 390 SCs
	8 RBs / 416 SCs
	5 RBs / 390 SCs
	4 RBs / 416 SCs
	3 RBs / 468 SCs

	QPSK
	2/3
	8 RBs / 312 SCs
	6 RBs / 312 SCs
	4 RBs / 312 SCs
	3 RBs / 312 SCs
	2 RBs / 312 SCs

	QPSK
	3/4
	7 RBs / 273 SCs
	5 RBs / 260 SCs
	4 RBs / 312 SCs
	3 RBs / 312 SCs
	2 RBs / 312 SCs

	QPSK
	5/6
	6 RBs / 234 SCs
	5 RBs / 260 SCs
	3 RBs / 234 SCs
	3 RBs / 312 SCs
	2 RBs / 312 SCs

	16QAM
	1/2
	5 RBs / 195 SCs
	4 RBs / 208 SCs
	3 RBs / 234 SCs
	2 RBs / 208 SCs
	2 RBs / 312 SCs

	16QAM
	2/3
	4 RBs / 156 SCs
	3 RBs / 156 SCs
	2 RBs / 156 SCs
	2 RBs / 208 SCs
	1 RB / 156 SCs

	16QAM
	3/4
	4 RBs / 156 SCs
	3 RBs / 156 SCs
	2 RBs / 156 SCs
	2 RBs / 208 SCs
	1 RB / 156 SCs

	16QAM
	5/6
	3 RBs / 117 SCs
	3 RBs / 156 SCs
	2 RBs / 156 SCs
	2 RBs / 208 SCs
	1 RB / 156 SCs

	64QAM
	1/2
	4 RBs / 156 SCs
	3 RBs / 156 SCs
	2 RBs / 156 SCs
	2 RBs / 208 SCs
	1 RB / 156 SCs

	64QAM
	2/3
	3 / 117
	2 RBs / 104 SCs
	2 RBs / 156 SCs
	1 RB / 104 SCs
	1 RB / 156 SCs

	64QAM
	3/4
	3 / 117
	2 RBs / 104 SCs
	2 RBs / 156 SCs
	1 RB / 104 SCs
	1 RB / 156 SCs

	64QAM
	5/6
	2 / 78
	2 RBs / 104 SCs
	1 RB / 78 SCs
	1 RB / 104 SCs
	1 RB / 156 SCs


<Table 5: Required RBs & SubCarriers for AMR 12.2kbps (368bits)>

In Table 5, VoIP packet (368 bits of transport block) and the corresponding RBs/SCs are considered. The yellow highlight and bold letters are displayed in case of the most efficient resource utilization. Each RB case (orderly in table) has superiority to other configurations for numbers of 9, 5, 6, 1, 4 MCS cases, respectively. 
	Modulation
	Code Rate
	RB (9, 6)

[Required RBs/SCs]
	RB (12, 6)

[Required RBs/SCs]
	RB (18, 6)

[Required RBs/SCs]
	RB (24, 6)

[Required RBs/SCs]
	RB (36, 6)

[Required RBs/SCs]

	QPSK
	1/12
	25 / 975
	19 RBs / 988 SCs
	13 RBs / 1014 SCs
	10 RBs / 1040 SCs
	7 RBs / 1092 SCs

	QPSK
	1/8
	17 / 663
	13 RBs / 676 SCs
	9 RBs / 702 SCs
	7 RBs / 728 SCs
	5 RBs / 780 SCs

	QPSK
	1/4
	9 RBs / 351 SCs
	7 RBs / 364 SCs
	5 RBs / 390 SCs
	4 RBs / 416 SCs
	3 RBs / 468 SCs

	QPSK
	1/2
	5 RBs / 195 SCs
	4 RBs / 208 SCs
	3 RBs / 234 SCs
	2 RBs / 208 SCs
	2 RBs / 312 SCs

	QPSK
	2/3
	4 RBs / 156 SCs
	3 RBs / 156 SCs
	2 RBs / 156 SCs
	2 RBs / 208 SCs
	1 RBs / 156 SCs

	QPSK
	3/4
	3 RBs / 117 SCs
	3 RBs / 156 SCs
	2 RBs / 156 SCs
	2 RBs / 208 SCs
	1 RBs / 156 SCs

	QPSK
	5/6
	3 RBs / 117 SCs
	2 RBs / 104 SCs
	2 RBs / 156 SCs
	1 RBs / 104 SCs
	1 RBs / 156 SCs

	16QAM
	1/2
	3 RBs / 117 SCs
	2 RBs / 104 SCs
	2 RBs / 156 SCs
	1 RBs / 104 SCs
	1 RBs / 156 SCs

	16QAM
	2/3
	2 RBs / 78 SCs
	2 RBs / 104 SCs
	1 RBs / 78 SCs
	1 RBs / 104 SCs
	1 RB / 156 SCs

	16QAM
	3/4
	2 RBs / 78 SCs
	2 RBs / 104 SCs
	1 RBs / 78 SCs
	1 RBs / 104 SCs
	1 RB / 156 SCs

	16QAM
	5/6
	2 RBs / 78 SCs
	1 RBs / 52 SCs
	1 RBs / 78 SCs
	1 RBs / 104 SCs
	1 RB / 156 SCs

	64QAM
	1/2
	2 RBs / 78 SCs
	2 RBs / 104 SCs
	1 RBs / 78 SCs
	1 RBs / 104 SCs
	1 RB / 156 SCs

	64QAM
	2/3
	2 / 78
	1 RBs / 52 SCs
	1 RBs / 78 SCs
	1 RB / 104 SCs
	1 RB / 156 SCs

	64QAM
	3/4
	1 / 39
	1 RBs / 52 SCs
	1 RBs / 78 SCs
	1 RB / 104 SCs
	1 RB / 156 SCs

	64QAM
	5/6
	1 / 39
	1 RBs / 52 SCs
	1 RBs / 78 SCs
	1 RB / 104 SCs
	1 RB / 156 SCs


<Table 6: Required RBs & SubCarriers for SID (160 bits)>

In Table 6, AMR SID (160 bits of transport block) and the corresponding RBs/SCs are considered. The MCS range is same as that of Table 5. Each RB case (orderly in table) has superiority to other configurations for number of 7, 4, 4, 2, 1 MCS cases, respectively. Because of 160ms interval between SID packet generations, the impact on considering SID would be small compared to the VoIP transmission case.
From the above analysis in Table 5 and 6, some large size of RBs such as RB (24, 6) and RB (36, 6) show nearly no benefits compared to other resource block cases. The mainly controversial point is here which one is the best among, RB (9, 6), RB (12, 6) and RB (18, 6). The RB (9, 6) configuration seems more beneficial in the aspect of resource allocation efficiency because it has less loss which is caused by padding. However, the benefit is relatively small and shows lower efficiency in some cases.
As a result, RB (24, 6) and RB (36, 6) structures are not proper because of difficulty in supporting small packet transmission. And RB (9, 6) and RB (12, 6) structures can cause significant overhead in resource indication. Therefore it is recommended that RB (18, 6) structure case is the most optimized in the aspects of both overhead and efficiency. 
2. Proposed resource block structure
Based on previous analysis, we propose the basic resource block structure which is composed by 18-subcarrier frequency size in one resource block. Minimum resource block structure with 18-subcarriers frequency size has following Advantages
· It has a good potential as aspects of distributed subchannelization efficiency (having many divisors).

· It flexibly supports certain MIMO technique such as SFBC (requiring even number’s subcarrier paring)

If we allow the resource allocation to be one dimensional way, the minimum resource block structure is decided by the number of frequency domain subcarriers. In this case, the number of OFDM symbols that compose of a resource block in time domain is determined by the OFDM symbols of the subframe. Figure 2 represents the basic resource block and symbol structure assuming 6 OFDM symbols within a subframe.   
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<Figure 2: The basic resource block construction>

Table 7 represents a possible subcarrier configuration for the proposed resource allocation unit.

	
	2048 FFT size
	1024 FFT size
	512 FFT size

	Number of used subcarriers
	1729 (including DC)
	865
	433

	Left/Right guard subcarriers
	160/159
	80/79
	40/39

	Number of subchannels (Resource blocks)
	96
	48
	24


<Table 7: Subcarrier configuration>

Performance Evaluation 
For evaluation, parameters are defined in evaluation methodology document [1]. Simulation assumptions are followed by simulation assumption table in [1] and the detail contents are represented in table 10 of appendix. Test scenarios are applied by baseline configuration of test scenarios table in [1]. 
Simulation result is shown in terms of normalized average sector spectral efficiency for resource block structures with maximum assigned numbers of 6MS/12MS for localized permutation mode.
Assumption: 
- Full band CQI feedback and 2 RB CQI scheduling granularity
- Multiple-band allocation
- 6 OFDM symbols within one resource block
- Same channel model, mobility environment, and equal number of assigned MS among RB structures. 
	System environment

(SubC , OFDM Symb)
	Used subcarriers (1024 FFT)
	Normalized 

average sector spectral efficiency

	RB (9,6) AMC
	864 
	1 

	RB (12,6) AMC
	864 
	1 (compared to (9,6) case)

	RB (18,6) AMC
	864 
	1 (compared to (9,6) case)

	RB (24,6) AMC
	864 
	0.99 (compared to (9,6) case)

	RB (36,6) AMC
	864 
	0.99 (compared to (9,6) case)


<Table 8: System performance with 6 MS Localized, Mixed Channel [1]>
	System environment

(SubC , OFDM Symb)
	Used subcarriers (1024 FFT)
	Normalized 

average sector spectral efficiency

	RB (9,6) AMC
	864 
	1 

	RB (12,6) AMC
	864 
	1 (compared to (9,6) case)

	RB (18,6) AMC
	864 
	0.99 (compared to (9,6) case)

	RB (24,6) AMC
	864 
	0.98 (compared to (9,6) case)

	RB (36,6) AMC
	864 
	0.98 (compared to (9,6) case)


<Table 9: System performance with 12 MS Localized, Mixed Channel [1]>

The simulation result in Table 8 shows that the all the resource block structures represent almost similar system performance despite of different resource allocation granularity, which is resulted from the large RB size per MS. In table 9, if the maximum number of assigned MS increases and so the number of allocated RBs per MS decreases, it is shown that the system performance is degraded gradually as the resource allocation granularity decreases. However the degradation is not critical amount. 
Reminding the related resource indication overhead and supporting small packet transmission issue as mentioned above sections, it is expected the proposed RB (18, 6) structure is the most proper candidate for basic resource allocation unit because it has not only good band-scheduling capability but also reasonable resource indication overhead and RB efficiency supporting small packet transmission.      
Conclusions 
We discussed various consideration points and advantage/disadvantage for basic resource block structures related to the 16m DL physical resource allocation unit. Considering resource allocation efficiency with minimized overhead, we propose to adopt the concept of the resource block structure based on 18-subcarrier by 6 OFDM symbols for basic 16m DL resource allocation unit.  
Text Proposal for the 802.16m SDDs
============================== Start of Proposed Text =================================

Section 11.x: Downlink physical resource allocation unit
The Downlink resource allocation structure shall support different permutation (localized and distributed) modes simultaneously in the same subframe. And resource allocation method shall be applied by one-dimensional allocation way and unified resource allocation unit.   
A resource block (slot) is the minimum resource allocation unit for data (or control signal) transmission which is composed of 18-subcarriers by 6 OFDM symbols. 
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<Figure 3: A resource block (slot)>

=============================== End of Text Proposal ===============================
Appendix

	Topic
	Description
	Baseline System Assumptions
	Proposal Specific Assumptions

(To be provided by Proponent )

	Basic modulation
	Modulation schemes for data and control
	QPSK, 16QAM, 64QAM
	Same

	Duplexing scheme
	TDD, HD-FDD or FD-FDD
	TDD
	FD-FDD

	Subchannelization
	Subcarrier permutation
	PUSC
	Localized

	Resource Allocation Granularity
	Smallest unit of resource allocation
	PUSC: Non-STC: 1 slot, STC: 2 slots (1 slot = 1 subchannel x 2 OFDMA symbols)
	All the RB structures : 1 slot 

1 slot = 1 subchannel x 6 OFDM symbols

	Downlink Pilot Structure
	Pilot structure, density etc.
	Specific to PUSC subchannelization scheme
	11.11% pilot density / perfect channel estimation 

	Multi-antenna Transmission Format
	Multi-antenna configuration and  transmission scheme
	MIMO 2x2

(Adaptive MIMO Switching Matrix A & Matrix B)

Beamforming (2x2)
	MIMO 2x2
(Adaptive MIMO Switching Matrix A & Matrix B)



	Receiver Structure
	MMSE/ML/MRC/

Interference Cancellation
	MMSE (Matrix B data zone)

MRC (MAP, Matrix A data zone)
	MMSE

	Data Channel Coding
	Channel coding schemes 
	Convolutional Turbo Coding (CTC)
	Same

	Control Channel Coding
	Channel coding schemes and block sizes
	Convolutional Turbo Coding

(CTC), Convolutional Coding (CC) for FCH only
	N/A

	Scheduling
	Demonstrate performance / fairness criteria in accordance to traffic mix
	Proportional fairness for full buffer data only, 10 active users per sector, fixed control overhead of 6 symbols, 22  symbols for data,

5 partitions of 66 slots each, latency timescale 1.5s
	Fixed control overhead of 1 symbols per subframe, 5 symbols for data,
6/12 partitions for localized mode,
Others same

	Link Adaptation
	Modulation and Coding Schemes (MCS), CQI feedback delay / error
	QPSK(1/2) with repetition 1/2/4/6, QPSK(3/4), 16QAM(1/2), 16QAM(3/4), 64QAM(1/2), 64QAM(2/3), 64QAM(3/4) 64QAM(5/6),

CQI feedback delay of 3 frames, error free CQI feedback
	QPSK(1/2) with repetition 1/2/4/6, QPSK(3/4), 16QAM(1/2), 16QAM(3/4), 64QAM(2/3), 64QAM(3/4) 64QAM(5/6),
No CQI feedback error
Others same

	Link to System Mapping
	EESM/MI
	MI (RBIR) **
	RBIR

	HARQ
	Chase combining/ incremental redundancy, synchronous/asynchronous, adaptive/non-adaptive  ACK/NACK delay, Maximum number of retransmissions, retransmission delay
	Chase combining asynchronous, non-adaptive, 1 frame ACK/NACK delay, ACK/NACK error, maximum 4 HARQ retransmissions, minimum retransmission delay 2 frames***
	No ACK/NACK error
Others same

	Power Control
	Subcarrier power allocation
	Equal power per subcarrier
	Same

	Interference Model
	Co-channel interference model, fading model for interferers, number of major interferers, threshold, receiver interference awareness
	Average interference on used tones in PHY abstraction (refer to section 4.4.8)
	Same 

	Frequency Reuse
	Frequency reuse pattern
	3 Sectors with frequency reuse of 1 ****
	Same

	Control Signaling
	Message/signaling format, overheads
	Compressed MAP with sub-maps
	N/A


<Table 10: System-level simulation assumptions for the downlink>

Reference

[1] IEEE 802.16m-08/004, “Project 802.16m Evaluation Methodology Document (EMD)”
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