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Basic Resource Block and Pilot Allocation Design in IEEE 802.16m
JinSoo Choi, JinSam Kwak, Bin-Chul Ihm, SungHo Moon
LG Electronics
Introduction
In IEEE 802.16m zone, for IMT-advanced requirement, optimized subcarrier allocation structure should be designed as aspects of pilot allocation optimization, resource assignment efficiency such as basic resource block structure and permutation mode division, etc. Also, it should be considered incorporating with proposed frame/subframe structure and flexible legacy support. In this contribution, we propose the basic resource block structure and pilot allocation method for IEEE 802.16m resource region.
Consideration Points of Resource Allocation 
1. Design for resource block structure and 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 and pilot allocation method is dependent on the way of permutation mode (localized/distributed) separation, i.e. whether we allow the permutation mode switching 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>

Each separation way of applying permutation modes has advantages/disadvantages, respectively. Former method can optimize the system performance with each own permutation mode. However, it is ideal environment that only localized MS are existed in localized permutation time zone or only distributed MS are existed in distributed permutation time zone. In fact, there is almost coexisting of two permutation types’ MS in time domain, so some of MS should wait until next transmission or be transmitted by improper permutation mode in a certain permutation time zone. In addition, certain UL control signaling such as ranging channel may be restricted by permutation mode region according to the used permutation method. 
Latter type of method has disadvantage of non-optimizing system performance with each own permutation mode, but it can improve the resource scheduling flexibility by applying best MS to proper permutation mode at each transmission time, which is possible to enhance the overall system performance. It is preferred frequency domain permutation mode division (Coexisting permutation mode in the same OFDM symbols) and unified resource block and pilot allocation structure.  
2. Distributed subchannlization supporting
When we generate physical subchannels by dividing distributed resource block, frequency domain resource block size of having more divisors is better with subchannelization. The possible divisors of several subcarrier size cases are following.
· 6-subcarrier size : equally divided into {2,3}

· 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}

Also even and a little large number of frequency subcarrier may have advantage such as efficient pilot allocation structure. 
3. Supporting for transmission small payload vs. resource allocation signaling overhead 
When we design a basic resource block, we should consider the supporting for efficient usage of the transmission of small payload as well as resource allocation signaling overhead. Table 1 represents advantage/disadvantage according to the resource block size.
	
	Small resource block size
	Large resource block size

	Advantage
	· Better efficiency in terms of requiring less padding for small payload

· Improved possibilities for frequency-domain scheduling with more resource blocks
	· Small resource allocation signaling overhead
· More potential of designing efficient pilot allocation and subchannelization

	Disadvantage
	· Direct impact on the resource allocation signaling overhead
	· Difficulty in the flexible supporting of small payload


<Table 1: Comparison between small vs. large resource block size>
For example, let’s assume 200-296 bits (excluding header) are transmitted for VoIP packet. If we use the MCS set from QPSK 1/2 to 64QAM 5/6, then about 40-296 data subcarriers are required. According to the number of available data subcarriers within one resource block, the number of used resource blocks becomes different and which shall affects on the resource block signaling. Assuming MCS level is {16 QAM, 1/2 code rate} and 50 data subcarriers within a resource block, 2-3 resource blocks are required for transmission nearly without data subcarrier loss, while 100 data subcarriers case needs 1-2 resource blocks with much amount of data subcarrier loss. 
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 #52 plenary meeting in Atlanta, 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.  

5. Pilot signal allocation/spacing/overhead

· Pilot allocation 

Pilot allocation may be applied by common pilots or dedicated pilots according to the one-case only/coexisting pilot structure. If common pilots are allocated to all resource regions, according to the specific requirement such as high speed UE assignment or specific MIMO application, certain common pilots can be alternated dedicated pilots. Also, from the beginning, the common and dedicated pilots may be used together. In addition, it is better to allocate pilot subcarriers crossing over neighbor OFDM symbols because of enhancing channel estimation quality against frequency selectivity. 
· Pilot signal spacing 

Pilot signal spacing and numbers can also affect on the resource block design. If the position of the pilot symbols within a resource block is not constant over all resource blocks in the system bandwidth, which may be resulted from different positioning of pilot subcarriers within each resource block, then the filtering operation gets complex in the channel estimation such as interpolation and effective code rate per MS’ data payload may get different.
· Pilot allocation overhead 

Proper pilot allocation overhead should be considered for improvement of data rate and supporting for good channel estimation quality at the same time. We consider that 5~8% pilot overhead in SISO (SIMO) are proper pilot density under 3km/h~120km/h MS mobility environment. Simulation results will support these consideration points later. 
Basic Resource Block and Pilot Allocation Design
1. Resource Block Size

Basic resource block is the minimum resource allocation unit for data (or control signal) transmission. If we allow the resource allocation to be one dimensional way, the resource block size is decided by the number of frequency domain subcarriers. 1 RB (resource block) subcarriers becomes the number of frequency domain subcarriers in figure2. In previous sections, we discussed several consideration points about resource allocation. In this section, we analyze two cases of resource block size which are shown to be proper candidates. 

· Minimum resource block structure with 12-subcarriers frequency size

· Minimum resource block structure with 18-subcarriers frequency size

Each case has good potential as aspects of distributed subchannelization efficiency (having more divisors) and the possibility of good pilot allocation (even subcarrier number) within each resource block. Each structure can have 36/24, 72/48, and 144/96 resource block numbers assuming 432, 864, and 1728 used subcarriers in 5, 10, and 20MHz BW, respectively (Other numerology may be also available). 
Because each structure has different frequency subcarrier size and number of resource blocks within the system BW, there is advantage/disadvantage in both two structures. First structure has advantage of finer resource allocation granularity thus it can approach better system performance with efficient band scheduling, etc., while second structure may have disadvantage such as reduced band assignment opportunity. However, numbers of resource block affects on the resource allocation signaling directly, which shall result in control signal overhead and the reduction of total data transmission region. Also, 12-subcarriers frequency size composes the resource block with smaller number of pilot subcarriers than that of 18-subcarriers frequency size under given pilot density, so if we design the pilot allocation structure, 12-subcarriers case has difficulty in the designing of more efficient pilot structure as aspects of channel estimation quality and robust pilot allocation structure with high mobility. So, we prefer the resource block structure with 18-subcarrier frequency size.
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<Figure 2: The basic resource block construction>

2. Pilot Allocation Methods
In this section, we introduce two possible pilot allocation methods. Introduced pilot structures can be applied by both localized/distributed permutation modes regardless of the permutation combining ways (time & frequency domain). With single transmit antenna, we prefer the pilot allocation structure which has 5.55 % pilot overhead. Later, performance evaluation section will support this overhead until 120km/h MS mobility environment. 
Pilot allocation structures which have 5.55% overhead can be represented in Figure3 and Figure4. Figure 3 shows the allocation structure which has 9 subcarriers frequency granularity and 2 OFDM symbol time spacing, while Figure 4 has 6 subcarriers frequency granularity and 3 OFDM symbol time spacing. Each structure has more robustness against frequency selectiveness and time Doppler shift effect, respectively, i.e. 6 subcarriers spacing has better than 9 subcarriers spacing against frequency selectiveness while 2 OFDM symbols granularity has better than 3 OFDM symbols against time Doppler shift effect. In fact, we expect the frequency selectivity of wider pilot subcarrier spacing can be compensated by across pilot allocation between neighbor OFDM symbols, which simulation result is shown in Figure 5. Thus, it is preferred the pilot allocation with 9 subcarriers and 2 OFDM symbols granularity considering on high mobility environment. 
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<Figure 3: Pilot allocation method 1>
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<Figure 4: Pilot allocation method 2>
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<Figure 5: MSE performance between two pilot structures – 1D channel estimation example>

When the transmit antenna is extended for MIMO technique, the pilot allocation structure should be designed. Its structure should provide the possibility of supporting STBC/SFBC MIMO schemes and be easily available of pilot boosting/stealing techniques. Also the consideration on the increased pilot overhead problem is need for supporting high system throughput. We expect the MIMO pilot allocation structure which are supported under 14~20% overhead. Proper density with MIMO scheme should be discussed later. 
Performance Evaluation 
In this section, performance evaluation of the introduced numerologies is shown as a way of system level simulation which 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 4 of appendix. Test scenarios are followed by baseline configuration of test scenarios table in [1]. For representing the channel estimation quality (over pilot allocation overhead) of each resource block structure as well as throughput performance, the simulation results include channel estimation error modeling, which is contributed as a method of channel estimation error modeling in [1]. Detailed system assumption and channel estimation modeling parameters are presented in the appendix. 
Simulation result tables show downlink normalized (normalized by reference system performance) average sector spectral efficiency for resource block numerologies (RB structure and pilot allocation method) with 6MS AMC only mode and 5MS distributed only mode, respectively. For comparison of reference system and new resource block structures (assuming 6 OFDM symbols within one resource block), we assumed same permutation mode, channel model, mobility, and equal number of assigned MS among RB structures. In the case of distributed permutation mode, simply block based-distributed subcarrier allocation (2 resource block division to the frequency domain) method is applied. And total 18 DL OFDM symbol for data transmission is assumed, which 18 numbers is set for fair comparison among various structures because each resource structures have different OFDM symbols within a resource block. Because the numbers of used subcarriers are different according to the frequency subcarrier size of the each resource block structure in distributed permutation mode, the average sector spectral efficiency is normalized by the number of used subcarriers. The numbers of used subcarriers are calculated by the 5 / 6MS subchannel partitioning (distributed mode/AMC mode). For example, in the RB (12, 6) AMC case, each MS has 12 subchannels so that total 6 MS have 72 subchannels (resource blocks) and 72 x 12subcarriers = 864 becomes used subcarriers. Also in RB (12, 6) distributed case, each MS has 14 subchannels so that total 5 MS have 70 subchannels (resource blocks) and 70 x 12subcarriers = 840 becomes used subcarriers.  
	   System environment

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

average sector spectral efficiency

	Reference system AMC
	864

(DC exclusive)
	1 

	RB (12,6) AMC
	864
	1.057 (compared to reference system)

	RB (18,6) AMC
	864
	 1.058 (compared to reference system) 


<Table 2: System performance with 6 MS AMC, Mixed Channel [1]>
	System environment

(SubC , OFDM Symb), 
Sd : Slot division
	Used subcarriers (1024 FFT)
	Normalized 

average sector spectral efficiency

(Considering on the amount of used subcarriers)

	Reference system PUSC 
(SubC.-level distributed)
	840
(DC exclusive)
	1 

	RB (12,6) block-based distributed (Sd=2)
	840
	1.034 (compared to reference system)

	RB (18,6) block-based distributed (Sd=2)
	810
	 1.064 (compared to reference system) 


<Table 3: System performance with 5 MS distributed, Mixed Channel [1]>

Until to the 120km/h MS mobility in Mixed Channel environment, the simulation results show that the proposed resource block structure outperform the reference system structure despite of significantly reduced pilot overhead. Also the performance of 18-subcarrier frequency size is similar to that of 12-subcarrier frequency size despite of reduced resource allocation granularity in AMC mode, and it further represents more improved potential than 12-subcarriers frequency size in distributed permutation mode. A noticeable point is that introduced resource block structures with Sd=2 block-based distributed permutation outperform the reference PUSC structure with subcarrier-level distributed permutation which can get optimal frequency diversity and interference randomization effect. This fact indicates that previous reference PUSC structure has problem as aspect of pilot optimization point of view and the new efficient pilot allocation structure should be required in 802.16m resource allocation. 

Conclusions

We discussed the 16m resource allocation such as basic resource block structures and pilot allocation method related to the frame structure design. Resource allocation numerology should be considered as the important factor of the IEEE 802.16m frame structure design. For the enhanced 16m resource allocation, we propose following resource allocation method.
· Resource block structure - Basic resource block is the minimum resource allocation unit for data (or control signal) transmission which is composed of 18-subcarriers and OFDM symbols in a subframe.
· Pilot allocation structure - Pilot subcarirers are allocated by 9-subcarriers spacing in every even/odd OFDM symbols.
After deciding specific frame/subframe structure and system parameters, further study and simulation results with other resource block structures/pilot allocation should be discussed later. 

Text Proposal for the 802.16m SDDs
============================== Start of Proposed Text =================================

Section 11.x: Subcarrier Allocation
Basic resource block is the minimum resource allocation unit for data (or control signal) transmission which is composed of 18-subcarriers and OFDM symbols in a subframe. 
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<Figure 6: Minimum resource allocation unit>

Pilot subcarirers are allocated by 9-subcarriers spacing in every even/odd OFDM symbols which is specified by following equation. 
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<Figure 7: Pilot allocation structure>

	Pilot allocation index is

9k + 1 when s is 0(+α)

9k + 4 when s is 2(+α)

9k + 7 when s is 4(+α)

k : subcarrier index (k=0, 1, …)
s : [OFDM symbol index] mod 6

(OFDM symbol index = 0, 1, 2, …)

α = 0, 1, 2 according to the control signal region


<Equation 1: Pilot allocation index>

=============================== 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
	Same

	Subchannelization
	Subcarrier permutation
	PUSC
	PUSC/Block-based distributed permutation (Sd=2) / AMC

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

1 slot = 1 subchannel x 2 OFDM symbols

Reference AMC: 1 slot

1 slot = 1 subchannel x 3 OFDM symbols

Other 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
	Specific to PUSC subchannelization scheme / reference AMC
Other all the RB structures  : Common to AMC/Distributed subchannelization scheme

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

(Adaptive MIMO Switching Matrix A & Matrix B)

Beamforming (2x2)
	SIMO (1x2)

	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
	18 symbols for data,

5 partitions for distributed mode and 6 partitions for AMC 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 / CQI feedback error [TBD]
	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) **
	MMIB

	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)
	Frequency selective interference modeling 

	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 4: System-level simulation assumptions for the downlink>

	Filter Design Set 
	Permutation/

MIMO Mode
	Pilot Pattern
	Doppler

(km/h)
	Time Filtering over X OFDM symbols
	Model Parameters

(a, b) at a set of SNRs (2D Wiener) 

	1
	Reference system AMC/SIMO(1x2)
	Common
	3
	6
	a : 0.5344 ~ 0.1968
b : 0.0053 ~ 0.0053

	2
	RB (12,6) AMC/SIMO(1x2)
	Common
	3
	6
	a : 0.7480 ~ 0.1995
b : 0.0208 ~ 0.0211

	3
	RB (18,6) AMC/SIMO(1x2)
	Common
	3
	6
	a : 0.7460 ~ 0.1993
b : 0.0206 ~ 0.0208


<Table 5: Modes and parameters for channel estimation model – Localized 3km/h>

	Filter Design Set
	Permutation/

MIMO Mode
	Pilot Pattern
	Doppler

(km/h)
	Time Filtering over X OFDM symbols
	Model Parameters

(a,b) at a set of SNRs (2D Wiener)

	1
	Reference system PUSC/SIMO(1x2)
	Common
	3
	6
	a : 0.4852 ~ 0.2266
b : 0.0032 ~ 0.0033

	2
	RB (12,6) distributed (Sd=2) /SIMO(1x2)
	Common
	3
	6
	a : 0.7521 ~ 0.2297
b : 0.0205 ~ 0.0207

	3
	RB (18,6)  distributed (Sd=2) /SIMO(1x2)
	Common
	3
	6
	a : 0.7503 ~ 0.2258
b : 0.0202 ~ 0.0205


<Table 6: Modes and parameters for channel estimation model – Distributed 3km/h>

	Filter Design Set
	Permutation/

MIMO Mode
	Pilot Pattern
	Doppler

(km/h)
	Time Filtering over X OFDM symbols
	Model Parameters

(a,b) at a set of SNRs (2D Wiener)

	1
	Reference system AMC/SIMO(1x2) 
	Common
	30
	6
	a : 0.5757 ~ 0.1970
b : 0.0058 ~ 0.0059

	2
	RB (12,6) AMC/SIMO(1x2)
	Common
	30
	6
	a : 0.7504 ~ 0.1998
b : 0.0218 ~ 0.0220

	3
	RB (18,6) AMC/SIMO(1x2)
	Common
	30
	6
	a : 0.7491 ~ 0.1997
b : 0.0208 ~ 0.0210


<Table 7: Modes and parameters for channel estimation model – Localized 30km/h>

	Filter Design Set
	Permutation/

MIMO Mode
	Pilot Pattern
	Doppler

(km/h)
	Time Filtering over X OFDM symbols
	Model Parameters

(a,b) at a set of SNRs (2D Wiener)

	1
	Reference system PUSC/SIMO(1x2)
	Common
	30
	6
	a : 0.5274 ~ 0.2276
b : 0.0037 ~ 0.0038

	2
	RB (12,6) distributed (Sd=2) /SIMO(1x2)
	Common
	30
	6
	a : 0.7526 ~ 0.2299
b : 0.0214 ~ 0.0216

	3
	RB (18,6)  distributed (Sd=2) /SIMO(1x2)
	Common
	30
	6
	a : 0.7493 ~ 0.2297
b : 0.0209 ~ 0.0211


<Table 8: Modes and parameters for channel estimation model – Distributed 30km/h>

	Filter Design Set
	Permutation/

MIMO Mode
	Pilot Pattern
	Doppler

(km/h)
	Time Filtering over X OFDM symbols
	Model Parameters

(a,b) at a set of SNRs (2D Wiener)

	1
	Reference system AMC/SIMO(1x2)
	Common
	120
	6
	a : 0.8845 ~ 0.2217
b: 0.0094 ~ 0.0095

	2
	RB (12,6) AMC/SIMO(1x2)
	Common
	120
	6
	a : 0.9581 ~ 0.2252

b : 0.0407 ~ 0.0411

	3
	RB (18,6) AMC/SIMO(1x2)
	Common
	120
	6
	a : 0.9465 ~ 0.2243 

b : 0.0405 ~ 0.0410


<Table 9: Modes and parameters for channel estimation model – Localized 120km/h>

	Filter Design Set
	Permutation/

MIMO Mode
	Pilot Pattern
	Doppler

(km/h)
	Time Filtering over X OFDM symbols
	Model Parameters

(a,b) at a set of SNRs (2D Wiener)

	1
	Reference system PUSC/SIMO(1x2)
	Common
	120
	6
	a : 0.7741 ~ 0.2570
b: 0.0059 ~ 0.0060 

	2
	RB (12,6) distributed (Sd=2) /SIMO(1x2)
	Common
	120
	6
	a : 0.9595 ~ 0.2523
b: 0.0399 ~ 0.0403

	3
	RB (18,6)  distributed (Sd=2) /SIMO(1x2)
	Common
	120
	6
	a : 0.9487 ~ 0.2484
b: 0.0377 ~ 0.0391


<Table 10: Modes and parameters for channel estimation model – Distributed 120km/h>

Reference

[1] IEEE 802.16m-07/037r2, “Draft IEEE 802.16m Evaluation Methodology”
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