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1 Introduction

In RAN1 #62bis meeting in Oct. 2010, the principle of codebook subsampling for PUCCH mode 1-1 CSI mode II is proposed in [1]. In this contribution, we provide detailed subsampling method and also their link level performance. Based on the evaluation results, we show our preference to the subsampling methods. 
2 Performance Evaluation
2.1 RANK1 Codebook

There is only one CQI in case of rank1 reporting. Considering the 11bits constraint of PUCCH format 2, the number of bits for rank1 codebook can be 7, 6, 5 or 4. In general, the DL throughput performance increases with the number of bits in the codebook. However, another aspect to consider is CSI reliability, especially for rank1 codebook because rank1 feedback can happen in low geometry region. It is also preferable to reduce the number of bits to ensure cell coverage. Therefore, the principle of selecting codebook should be to select the codebook with minimum number of bits that cause negligible performance loss (e.g., up to 2~3% loss).
In the following text, we discuss possible subsampling method for different number of bits respectively. Rank adaptation is assumed in the LLS, and the assumed rank2 codebook is discussed in section 2.2. 
2.1.1 7-bit Codebook (Reference Codebook)
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Fig 1. 7-bit Codebook
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Fig 2. Link level throughput performance of 7-bit codebook in Fig 1
The 7-bit codebook is aligned with the original codebook proposed in [1] except that the overlapping between W1 is removed because in CSI mode II the W1 and W2 are reported in the same subframe. This codebook includes 5-bit directions and 2-bit co-phasing. If 7-bit codebook is going to be supported in CSI mode II, it is natural to select the codebook in Fig.1 as rank1 codebook. Therefore we propose:
· If 7-bit rank1 codebook is to be supported, adopt the codebook in Fig.1 as the rank1 codebook

We also provide the link level performance of the 7-bit codebook for reference in Fig 2. The subsampled codebooks will be compared with the reference performance and only the relative performance will be shown for those subsampled codebooks.
2.1.2 6-bit Codebook
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Fig. 3a. 6-bit Codebook Pattern I
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Fig. 3b. 6-bit Codebook Pattern II
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Fig 4. Link level throughput performance of 6-bit codebook in Fig 3

Examples of 6-bit subsampling are shown in Fig. 3a/3b. Their link level performance is shown in Fig. 4. The x-axis represents SNR in dB, while the y axis is the relative throughput performance loss compared with reference (7-bit) codebook in terms of percentage. From the results we observe:

· SU MIMO performances of the two 6bit pattern are extremely similar

· Performance losses of both patterns are negligible.

Moreover, we note that the increase of spatial granularity is beneficial for MU-MIMO operation and this is actually the reason why 7-bit codebook adopts 32 PSK alphabets rather than 16 PSK. Comparing the patterns in Fig 3a and 3b, it is not difficult to observe that pattern I has higher spatial granularity than pattern II, which means that pattern I is potentially better than pattern II in terms of MU-MIMO performance.

Overall we propose:

· If 6bit codebook is to be supported, select either pattern I or pattern II in Fig. 3a and 3b, respectively
· Slightly prefer pattern I due to the potential gain in MU-MIMO
2.1.3 5-bit Codebook
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Fig. 5a: 5bit Codebook Pattern I
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Fig. 5b: 5bit Codebook Pattern II
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Fig. 5c: 5bit Codebook Pattern III
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Fig. 6: Link level throughput performance of 5bit codebooks in Fig 5

Examples of 5bit codebook subsampling are shown in Fig. 5a/5b/5c, respectively. Their link level performance is shown in Fig. 6. From the results we observe:

· 5-bit Pattern I outperformance 5-bit Pattern II and III in ULA case

· 5-bit Pattern I performs similar with pattern II and III in cross-pol

· pattern I and II causes negligible loss while pattern III cause non-negligible loss
Based on the above observations, we propose:

· If 5-bit codebook is to be supported, select 5-bit pattern I in Fig. 5a
2.1.4 4-bit Codebook
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Fig. 7a: 4-bit Codebook Pattern I
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Fig. 7b: 4-bit Codebook Pattern II
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Fig. 7c: 4bit Codebook Pattern III
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Fig. 8: Link level throughput performance of 4bit codebooks in Fig 7

Examples of 4bit codebook patterns are shown in Fig. 7a/7b/7c. Their link level performances are shown in Fig. 8. We note that the design of pattern III is from [4] and [5]. From the LLS performance, we observe:

· 4bit Pattern III outperforms pattern I and II in ULA case

· 4bit Pattern III performs similarly with pattern I and III in cross-pol case

· All patterns cause non-negligible loss in cross-pol case
Based on the above observations, we propose:

· If 4bit codebook is to be supported, select 4bit pattern III in Fig. 7a
2.2 RANK2 Codebook

The codebook size of rank 2 codebook should be 4 bit. Therefore, subsampling is needed for the rank2 codebook in [2]. We evaluated the following two subsampled RANK2 codebooks.
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Fig. 9a: Rank2 codebook pattern I
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Fig. 9b: Rank2 codebook pattern II
In all evaluated scenarios, both methods achieve extremely similar performance (less than 1% difference). Therefore, we should consider aspects other than throughput performance. One of such aspects is nested property. It is noted that nested property is considered less important in Rel-10 than in Rel-8 due to the use of DMRS, i.e., non-codebook-based precoding. However, enabling nested property can still have some potential (although possibly marginal) benefit in MU-MIMO applications [3].
We particularly note that being nested between rank1 and rank2 can be more important than being nested between other ranks. There are two main reasons: firstly it is very natural to apply rank overriding from rank2 to rank1 because each layer is associated with one CQI in case of rank2, while this is not the case for other ranks; secondly rank2/rank1 overriding perhaps also happens more often than other ranks. 

According to the above discussions, we propose:
· Selection of rank2 codebook pattern shall depend on the decision of rank1 codebook subsampling

· Strive for a nested structure between rank1 and rank2
It is noted that the simulated rank2 codebook in section 2.1 is rank2 codebook pattern I.
3 Conclusions

We emphasize the principle of selecting rank1 codebook pattern is to select the codebook with minimum number of bits conditioned that the performance loss is negligible (2~3%). We observe that all 4-bit codebook causes non-negligible loss in some situations (e.g., cross-pol), while 5-bit pattern I achieves negligible loss in all cases. Moreover, 6-bit codebook is not so attractive in uplink overhead perspective. Therefore we propose:

· choose the 5-bit pattern I as rank1 codebook
Further, based on the principle to enable nested structure between rank1 and rank 2, we further propose:

· Adopt rank2 pattern I as rank2 codebook
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Annex I: Simulation Assumptions
	Parameter
	Assumption

	Carrier frequency
	2.0 GHz

	System Bandwidth
	5 MHz

	Transmit power
	20W

	Transmission bandwidth
	25RB

	Channel modelling
	1st: Urban Macro, 3GPP Case-1 SCM Low Spread (8 degree)

	
	2nd: Urban Macro, 3GPP Case-1 SCM High Spread (15 degree)

	UE  Mobility
	3km/h

	eNB antenna configuration
	1st: Half wavelength spaced co-polarized 8Tx antenna (fixed vertically polarized)

	
	2nd: Half wavelength spaced dual polarized 8Tx antenna (fixed -45/45orientation)

	UE antenna configuration
	2Rx dual polarized antenna (fixed 0/90 orientation)

	Link adaptation
	AMC

	HARQ
	Chase Combining

	DMRS Channel estimation
	Ideal

	CSI RS Channel estimation
	Ideal

	Receiver
	MMSE

	UE LoS AoD (per sector)
	[-60 60]
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