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1. Introduction
The pilot structure for IEEE 802.16m is initialized in #54 meeting. Some design considerations for pilot structure have been discussed. Based on the design considerations, a set of harmonized DL pilot structures is proposed for 1, 2 and 4 stream scenarios. 
2. Design Considerations for Pilot Structure

According to the pilot structures proposed by several companies, we have come out some design considerations for the pilot structure. Based on the design considerations (rules), we then figure out a harmonized version for the pilot pattern. We found that this harmonized version can be unified for the common pilots and at the same time the dedicated pilots. Furthermore, we propose to unify the pilot structure for DL transmission. On the other hand, for different application purposes, different sizes of resource unit (RU) are also considered and included in our design rules.
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· Pilot Density
The pilot density directly affects the accuracy of channel estimation. Intuitively, higher pilot density means higher overhead and better channel estimation accuracy. To achieve a proper tradeoff between the overhead and accuracy, using 6 pilot tones per transmission data stream within a regular 18 x 6 RU is a reasonable. For other irregular RUs, for example, 18 x 5, 18 x 7, etc., the pilot structures are designed based on the regular RU. The corresponding pilot density then also depends on the size of RU case-by-case.
· Pilot Spacing
The pilot spacing also affects the performance of channel estimation. The maximum pilot spacing between any two pilots in time domain and frequency domain should depend on the channel parameters, such as the coherent time and coherent bandwidth. To satisfy the system requirements of 16m, for example, the support of high speed mobility up to 350 km/h and a channel delay spread of no more than 5 us, we propose, from the sampling theorem, that the maximum pilot spacing may be limited to no more than 3 OFDM symbols in the time domain and no more than 9 subcarriers in the frequency domain. Based on the proposed pilot spacing, the channel estimate on tones other than the pilot tones can be appropriately interpolated/extrapolated.
· Extrapolation of Channel Estimation
From the numerical perspective, the extrapolation, in general, is less accurate than interpolation. So to avoid the extrapolation for channel estimation, we propose to allocate the pilot sets near or at the RU boundaries.
· Interlaced Pilot Structure
Interlaced pilot patterns can be optionally used by different base stations or sectors. 
· Power Boosting on Pilots
Pilot tones, in general, should be power boosted to enhance the channel estimation. However, directly pouring the power on pilot tones may induce symbol-by-symbol power fluctuation if the number of pilot tones for a particular pilot set is different in each of OFDM symbols. An alternative is to steal or borrow the power from the data and/or the null tones. This, however, will also cause the symbol-by-symbol power fluctuation on the data tones if the number of pilot tones for a particular pilot set is different in each of OFDM symbols. To remedy this, all the sets of pilots for different data streams should be evenly placed on each of OFDM symbols within a RU. 
· Pilot Power across Antennas
To reduce the power fluctuation across antennas, it is important that the power fluctuation across the antennas should be minimized for multi-antenna/stream transmission. Again, this can be done by evenly allocating all the pilot sets on each of OFDM symbols within a RU. 
· Subframe with Less or More OFDM Symbols
In 16m, the first and last OFDM symbols may be preserved for certain purposes, such as for control signaling and/or guard interval. However, reserving these two OFDM symbols will lead to symbol-by-symbol power fluctuation as mentioned above. For 18x3 RU, power fluctuation may also occur. Since a unified pilot structure is more preferable, three scenarios would be considered in pilot structure design so that the pilot density (overhead) can remain the same regardless of the number of OFDM symbols within a subframe; no power fluctuation occurs.
· We can delete the last time domain column from a regular RU (18x6) to form another pilot structure on an irregular RU (18x5). 
· We can insert an extra column behind a regular RU (18x6) by duplicating the first column on a regular RU (18x6) to form another pilot structure on an irregular RU (18x7).  
· We can separate the pilot structure in a regular RU (18x6) into two identical pilot structures on two irregular RUs (18x3).
Many design considerations are discussed above. Depending on various needs in system designs or applications, some or all of these design considerations may be prioritized, add, or disregarded. For example, some of them may be implemented in full, in part, or not implemented at all.
3. Proposed Pilot Patterns
Based on the above design considerations and proposed methodologies, the 1 and 2 stream pilot patterns are generated and show below in SDD text proposal.

The following texts are proposed for SDD DL Physical Structure:
------------------------------ Proposed SDD Text -----------------------------------

11.5.3 Pilot Structure
The pilots can be used for channel estimation, measurements (CQI and interference mitigation/cancellation), frequency offset estimation and time offset estimation. The pilots will be dedicated to localized and distributed subchannels. The pilots will be pre-coded, using the same pre-coding and/or boosting of the information burst(s) when such pre-coding is applied. The pilot patterns are optimized for both regular and irregular subframes.
Pilot patterns are proposed for efficiency and performance. Pattern A is used for 1 and 2 data streams DL dedicated and common pilot pattern. 
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Fig 11.x.3 – 1 Pattern A for 1/2 pilot streams.

For irregular subframe of 5 or 7 OFDMA symbol, the first or last OFDMA symbols will be deleted or added.
The interlaced pilot patterns can be generated by cyclic shifting the base pilot pattern. The interlaced pilot patterns are shown in Fig 11.x.3 – 2 and can be optionally used by different BSs. The use of interlaced pilot pattern is FFS.
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Fig 11.x.3 – 2 Interlaced Pattern A for 1/2 pilot streams.
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Fig 11.x.3 – 3 Pilot pattern for 4 stream pilots, pilot k denotes pilot for transmit antenna k.
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Comparison Summary of DL Pilot















		Results/Source		LGE( C#798)		Intel (C#694r1)		MOT(2532r2)		Samsung(C#672r1)		Nortel(C#618) 		Huawei(C#679)		Panasonic (C#716)		Ericsson(C#762r1)		 

		2 TX common		LGE, Intel, Samsung best		Similar performance.
Intel’s original and Intel/ITRI/MediaTek/Posdata  best		Similar performance		- Huawei is the best
- Others are similar		- Interference case, pilot boosting gains are lower when pilot to pilot interference is present
- Intel and Ericcson pattern for interference-limited case are almost the same performance		- Intel, LG, Ericcson are the best for high speed, noise  limited case		 

		4Tx common		LGE best, 		- Intel, Samsung, Med best
- Intel has additional gain for interference limited		MediaTek, Intel and MOT are among the best.		Intel/Samsung are the best with low pilot density		- Nortel, LG best @ high speed
- Nortel,  Alcatel-Lucent best @ low speed		- Huawei is the best
- Others are similar



		4Tx dedicated		- LGE, Motorola, MediaTek  @ low/mid SNR
- Samsung and Intel @ high SNR		- Intel original and Intel-ITRI-MediaTek-Posdata best for low SINR all channel
- MOT, LG bets for PB3 and high SNR		- Intel, MOT, MediaTek best @ SNR < low and mid SNR.
- Samsung best @ high SNR		- Huawei is the best
- Others are similar		 

		Comment		Noise limited only with testing interference limited scenarios		Include noise limited, interference limited scenario. Also pilot boosting,		- Noise limited
- Intel, MediaTek, MOT are robust in velocity speed		Noise limited only		- Alcatel-Lucent, MOT have large degradation at high speed 
- Intel, Samsung are robust for speed
- Noise limited
- 1D Ch. Est which is not consistent with evaluation criteria		- Noise limited		Focus on the sector-specific pilot, not different pilot pattern 		Pilot pattern in mulit-cell scenario should minimize collisions between cells
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Results/SourceLGE( C#798)Intel (C#694r1)MOTSamsung(C#672r1)Nortel(C#618) Huawei(C#679)Panasonic (C#716)Ericcson(C#762r1) 2 TX commonLGE, Intel, Samsung bestSimilar performance.Intel’s original and Intel/ITRI/MediaTek/Posdata  bestSimilar performance- Huawei is the best- Others are similarThe performance is improved with difference pilot pattern for different sector, in interference environment- Intel, LG, Ericcson are the best for high speed, noise  limited case 4Tx commonLGE best, - Intel, Samsung, Med best- Intel has additional gain for interference limitedMediaTek is best, Intel/MOT close to the best.Intel/Samsung are the best with low pilot density- Nortel, LG best @ high speed- Nortel,  Alcatel-Lucent best @ low speed- Huawei is the best- Others are similar- Interference case, pilot boosting gains are lower when pilot to pilot interference is present- Intel and Ericcson pattern for interference-limited case are almost the same performance4Tx dedicated- LGE, Motorola, MediaTek  @ low/mid SNR- Samsung and Intel @ high SNR- Intel original and Intel-ITRI-MediaTek-Posdata best for low SINR all channel- MOT, LG bets for PB3 and high SNR- Intel, MOT, MediaTek best @ SNR < low and mid SNR.- Samsung best @ high SNR- Huawei is the best- Others are similar CommentNoise limited only with testing interference limited scenariosInclude noise limited, interference limited scenario. Also pilot boosting,- Noise limited- Intel, MediaTek, MOT are robust in velocity speedNoise limited only- Alcatel-Lucent, MOT have large degradation at high speed - Intel, Samsung are robust for speed- Noise limited- Noise limitedFocus on the sector-specific pilot, not different pilot pattern Pilot pattern in mulit-cell scenario should minimize collisions between cells 
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Which is the Best – 2Tx

		Intel (798, 694r1, 762r1) 

		LG (798, 762r1)

		Samsung (798)

		Huawei (679)

		Ericsson(762r1)









Which is the Best – 4Tx

		Intel (798, 694r1, 253r2, 672r1) 

		LG (798, 694r1, 618) 

		MOT (798, 694r1, 253r2)

		MediaTek (798, 694r1, 253r2)

		Samsung (798, 694r1, 253r2, 672r1)

		Nortel (618)

		Alcatel-Lucent (618)

		Huawei (679) 









Robustness for High Mobility

		Intel(694r1, 762r1, 253r2), 

		LG(618, 762r1) 

		Nortel(618) 

		Ericcson (762r1) 

		MediaTek (253r2)

		MOT (253r2)  









Robustness for Interference-limited

		Intel (694r1, 716, 762r1) 

		Ericsson (762r1)









Recommendation

		Adopt Intel’s 1, 2 stream pilot (C80216m-08_648.doc) and 4 stream pilot designs from Samsung for their overall superb performance and its robustness under various scenarios based on members’ independent studies 
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