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Uplink Pilot Design for 802.16m
Jia-Hao Wu, Lai-Huei Wang, Chen-Ming Chen, Yu-Tao Hsieh, Pang-An Ting, Richard Li

ITRI
Introduction
According to IEEE 802.16m system requirement document (SRD)[1], the system performance targets at least two times of WirelessMAN-OFDMA reference systems. In order to achieve the target system performance in terms of user throughput and VoIP capacity, we may need to adopt MIMO techniques to enhance spectrum efficiency (SE). Furthermore, we may need to make transmission overhead as low as possible without abusing transceiver performance.
In this contribution, we propose several pilot allocation schemes for different kinds of resource blocks. In contrast to 802.16e uplink tile structure, the pilot allocation schemes here are based on 12 (sub-carriers) x 6 (symbols) and 18x6 resource blocks. As we show later, the pilot overhead is reduced compared with 802.16e uplink transmission. And we will show the resultant channel estimation performance. Furthermore, the orthogonal code base SDMA pilot allocation is then introduced to save the pilot overhead when multi-stream transmission (SDMA or MIMO) is enabled.
Proposed pilot allocation for 12X6 resource block scheme

Fig. 1 and Fig. 2 illustrate the pilot allocation schemes for 12x6 resource block size. We consider the 4-stream cases. Although in 802.16m SRD, it defines only 2x4 scheme as the target MIMO configuration for uplink transmission, consideration of 4-stream uplink transmission may render the pilot allocation flexible for Multi-user MIMO (MU-MIMO) environments. In addition, 4-stream pilot allocation can be easily degenerated to fit the 2-stream or single stream transmission schemes.


In mobile cellular systems, we may suffer from different kinds of channel delay spread which results in different frequency selectivity. In order to reduce pilot overhead and simultaneously cope with the variation of frequency selectivity, we propose moderate-overhead pilot allocation scheme with 1/12 = 8.3% overhead for 1-stream and low-overhead pilot allocation scheme with 1/18 = 5.6% overhead for 1-stream. (The uplink training overhead for LTE is 1/7 = 14.3%)

From Fig. 1, we group the four adjacent pilots as a pilot cluster. The pilot clusters are allocated to the resource block boundary and close to the corners. By this way we can minimize the boundary issues in channel estimation which may degrade channel estimation accuracy due to extrapolation. Furthermore, Fig. 2 illustrates a similar pilot allocation scheme with Fig. 1. We note that these two pilot cluster allocation schemes are the same. The only difference is the pilot tone for the specific stream may change its relative location in a pilot cluster. And we can evaluate channel estimation performance of these allocation schemes by computer simulation. 
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Proposed pilot modulation scheme for Multi-stream and SDMA transmission
In order to enhance spectral efficiency, multi-user MIMO techniques such as SDMA may be adopted in 802.16m. As a result, we need to support multiple-stream pilot-aided channel estimation in uplink transmission.

(Blind channel estimation is time-consuming and complicated so that it’s not feasible for mobile wireless environment ) To support multi-stream pilot-aided channel estimation algorithm and save the pilot overhead, we propose a pilot modulation scheme which makes modulation sequence mutually orthogonal for different streams (different users or antennas). Fig. 3 illustrates a simple example about this orthogonal pilot modulation scheme.

For slow time-varying channel, we may assume the channel doesn’t change in a resource block time slot. As an example, for the specific pilot subcarrier, we can collect received pilot tones in corresponding symbols and the received signal can be approximately written as:
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If we can make pilot vectors 
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 mutually orthogonal, then we can separately estimate channel of stream 0 and channel of stream 1 by projection 
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Fig. 4 and Fig. 5 give an example of orthogonal modulated pilots for 12x6 resource block pilot allocation. We can see that the pilot overhead is saved 50% when 4-stream transmission.
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Proposed pilot allocation for 18X6 resource block scheme


For 18x6 resource block scheme, the similar pilot allocation can be applied. The number of pilots in a resource block may increase to keep the pilot spacing. Fig. 6 illustrates the one and two-stream pilot allocation scheme. For multi-user SDMA, the orthogonal modulation scheme may be adopted to save the pilot overhead. In Table. 1, we summarize the pilot overhead.
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Table 1 

	
	12x6

1-stream
	12x6

2-stream
	12x6

4-stream
	12x6

4-stream Orthogonal 

	Moderate Overhead
	8.3%
	16.7%
	33.3%
	16.7%

	Low

Overhead
	5.6%
	11.1%
	22.2%
	11.1%

	
	18x6

1-stream
	18x6

2-stream
	18x6

4-stream
	18x6

4-stream Orthogonal 

	Overhead
	7.4%
	14.8%
	29.6%
	14.8%


Channel estimation performance of proposed pilot allocation schemes

Proposed SDD Text
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[Subsection] 11.X.Y Uplink Pilot Pattern Design Consideration
    Uplink pilot pattern design should take spectral efficiency and channel estimation performance into consideration. In order to apply multi-user MIMO techniques to enhance spectral efficiency, we shall consider multiple stream pilot allocation patterns. Furthermore, different pilot patterns should be designed to cope with diverse channel conditions to maintain channel estimation accuracy and keep the pilot overhead as low as possible.

Fig. X and Fig. Y give an example of uplink pilot patterns based on multiple-stream 12 (subcarriers) x 6 (symbols) resource blocks.
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