
3GPP TSG RAN WG1 Meeting #62                                                                                                       R1-104901
Madrid, Spain,  23rd – 27th, August, 2010
Source:
Panasonic
Title:
8Tx Codebook Subsampling
Agenda Item:
6.3.3 Feedback design and codebooks
Document for:
Discussion and Decision
1 Introduction

In [1] and [2], it is argued there are needs to select subset of codebook when overhead is concerned. For 8Tx, such subset selection may also be called as “subsampling” because subset selection in this case naturally corresponds to the reduction of granularity in direction and/or phase offset (details in section 2).

In this contribution, we discuss methods to subsample codebook for 8Tx eNB antenna, especially for rank one codebook. Rank one codebook possibly requires more overhead [1] hence subsampling for rank one codebook is important. The prioritized 8Tx antenna configuration should be taken into account i.e. closely-spaced dual polarized antenna [3]. 
In this document we investigate subsampling method aiming PUCCH and PUSCH, respectively.
2 Subsampling for PUCCH CSI Mode 2

We first focus on subsampling for PUCCH mode 2 because this seems the mostly agreeable mode that needs subsampling [2]. For PUCCH mode 1, payload size constraint is a bit looser because W2/W1 can be signalling in different subframes. We do not discuss PUCCH mode 1 here.

In this mode, W1 and W2 are reported in the same subframe. which is similar to Rel-8 reporting mode 1-1. In this case, the overhead of PMI reporting is the total number of bits for both W1 and W2 reporting. We study possible codebook designs for three different overheads: 6 bits, 5bits and 4 bits, respectively. We can see that the 5bit and 4bit codebook can be deducted as a subsampling result of 6bit codebook.
(a) 6 bit codebook

The feedback for dual polarized antenna naturally includes two components, direction for each polarization and phase offset between polarizations. Therefore, the rank 1 precoding vector is in the form 
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 is a 4x1 vector and corresponds to direction; 
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 corresponds to phase offset. In the following discussion, we call codebook of W1*W2 as total codebook.
Based on the above rank one precoding vector expression, it is natural to consider the total codebook includes the following 64 elements, as shown in Fig 1. Here the set of 
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 are DFT vectors in direction [0, 
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]. The set of phase offset are [1, -1, j, -j]. This codebook requires 6bit to report W1 and W2.
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Fig1. 6 bit codebook for rank one

(b) 5bit codebook

In case that overhead is concerned, methods that can reduce overhead are needed. Here we consider methods to reduce the size of total codebook (from 6bit to 5bit).
1. Uniform subsampling. 
To reduce one bit in total codebook, it is possible to either reduce the number of direction from 16 to 8, or reduce to number of phase offset from 4 to 2. Such subsampling methods correspond to Fig 2a and 2b, respectively.
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Fig 2a. Uniform subsampling: Reduce the number of phase offset ([image: image11.wmf] 

 used codepoint, [image: image12.wmf] 

 not used codepoint)
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Fig 2b. Uniform subsampling: Reduce the number of directions ([image: image14.wmf] 

 used codepoint, [image: image15.wmf] 

 not used codepoint)
The method in Fig 2a and 2b reduces phase offset granularity and direction granularity, respectively.

2. Staggered subsampling.

To keep better granularity, staggered subsampling may be applied, as shown in Fig. 3. Intuitively such subsampling method keeps better granularity in phase offset and direction than uniform subsampling, but further evaluations are still needed.
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Fig 3. Staggered subsampling of 8Tx codebook. ([image: image17.wmf] 

 used codepoint, [image: image18.wmf] 

 not used codepoint)

We further note that codebook in Fig. 3 includes all 16 DFT vectors, while the codebook in Fig. 2a and 2b do not do so. This phenomenon means that Fig. 3 shall outperform Fig. 2a and 2b in case of correlated ULA 8Tx antenna.

(c) 4bit codebook

In case that codebook size is constrained to be 4 bits, the following two codebooks may be considered:
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Fig 4: Uniform subsamling: 4bit codebook (one bit reduction in direction, and one bit reduction in phase offset)
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Fig 5. Staggered subsampling: 4bits codebook (one bit reduction in direction, and then apply staggered subsampling)

Both of them shall cause quite visible performance loss compared with 6bit codebook due to the loss of phase offset and direction granularity. The exact comparison of the two 4bit codebooks shall depend on numerical evaluations.
The link level performance comparison of 6/5/4 bit codebook are shown in Fig. 6. As we can see from the figure, 5bit staggered subsampling is slightly better than 5bit uniform subsampling. The simulation assumptions are listed in appendix. The simulated antenna configuration is 8Tx dual polarized. We note that for 8Tx correlated ULA, 5bit staggered subsampling outperforms uniform subsampling even more because uniform subsampling does not include all 16 oversampling beams.
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Fig. 6. Link Level Performance Comparison of 6/5/4 bit Codebooks
As a general observation from the above 6/5/4 bit codebook designs, we note that the above two subsampling (uniform and staggered) methods are quite general and can be applied in various total codebook designs. For example, they are also applicable to the case that the number of v is 32 or 64. 

Overall we propose:

· Study subsampling methods of 8Tx total codebook

· Consider uniform and staggered subsamling
3 Subsampling for PUSCH Reporting
After PUCCH mode 2, we also discuss subsampling in aperiodic PUSCH. If subsand CQI is not reported, the payload size seems sufficient to support subband W2 reporting. However, if subband CQI is reported in conjunction with subband W2, subband W2 would have less number of bits (e.g., 2). We also study subsampling in this case.

The codebook for aperiodic PUSCH has been proposed in [1], in which the total codebook corresponds to Fig.1 as well. However, the total overhead is not just 6bits even for PMI. The wideband W1 overhead is 3bits, and the W2 per subband is 4bits. The increased bit width is due to the overlapping between W1 reports, as shown in Fig. 7.
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Fig. 7 Aperiodic PUSCH with wideband W1 and subband W2 (4bit W2 per subband).

In figure 7, we can see that, if the wideband W1 index is 0, the precoding vectors are possibly in direction {v0, v1, v2, v3} and possibly with phase offset {1, -1, j, -j}. Therefore, 4bits are needed for W2 to determine the final precoder. It is further noted that for different values of W1 (e.g., 0 and 1), the final suggested precoder can be the same, i.e., overlapping between W1 reports in such method.
In [1], the codebook is proposed for wideband CQI and subband PMI. However, in Rel-8 subband CQI has been supported. At this stage it still can be discussed if in Rel-10 subband CQI can be reported with subband PMI. In this case, assuming subband CQI requires 2bits, in general the subband PMI can use 2 bits per subband. Therefore, some subsampling methods are needed. The following three methods may be considered.

In Fig. 8a, one bit reduction in W2 is achieved by reducing phase offset granularity. Another bit reduction is obtained by reducing one bit in directions (from four directions to two directions). The main concern of this design is the low accuracy of phase offset reporting while direction accuracy is fine.
In Fig. 8b, W2 corresponds to phase offset and no overlapping between W1 reports. In such case phase offset is reported accurately but the possible direction difference between subbands can not be reflected. In such case the accuracy of direction reporting is possibly concerned while phase offset accuracy is fine.
In Fig. 8c, staggered subsampling is applied. This method provides a rather moderate tradeoff between phase offset accuracy and direction accuracy, compared with above two methods. It shall depend on numerical evaluation to confirm which subsampling method achieves the best performance.
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Fig. 8a: Uniform subsampling method 1 (2 bit W2 per subband)
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Fig 8b. Uniform subsampling method 2 (2bit W2 per subband)
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Fig 8c.  Staggered Subsampling method (2 bit W2 per subband)
4 Conclusions

In this contribution, we discuss methdods of subsampling 8Tx codebooks. Uniform subsampling either direction or phase offset and staggered subsampling methods are illustrated. We see further study is required including numerical evaluations.
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Appendix: LLS Simulation Assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System Bandwidth
	5MHz

	Transmit Power
	20W

	Transmission bandwidth
	25RB

	Channel modelling
	  Urban Macro, 3GPP Case-1 SCME High Spread

	Angular Spread
	15 degree

	UE  Mobility
	3km/h

	eNB antenna configuration
	dual polarized 8Tx antenna

	Antenna spacing
	Half wavelength

	eNB antenna orientation
	-45/45 degree

	UE antenna configuration
	2Rx dual polarized antenna

	UE antenna configuration
	Fixed 0/90 degree

	UE LoS AoD
	[-60 60]

	Link adaptation
	AMC

	HARQ
	Chase Combining

	DMRS Channel estimation
	Ideal

	Receiver
	MRC (for rank 1)

	CSI-RS Channel estimation
	Ideal

	PMI/CQI feedback delay
	5ms

	PMI/CQI granularity
	Wideband
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