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1 Introduction
During the post RAN1 #73 email discussion [73-02], it was agreed that:
· Option 2a in [1] is used as the enhanced 4Tx codebook in Rel.12;

· Taking [0, 1, 2, ...,7] for the subsampling for rank 2 W1 in PUCCH mode 1-1 submode 1.

The remaining issues for further DL MIMO enhancement include:
· W1 subsampling for rank 1 in PUCCH mode 1-1 submode 1;
· Codebook subsampling in PUCCH mode 1-1 submode 2;
· Codebook subsampling in PUCCH mode 2-1.
This contribution presents our views on those open issues.
2 Discussion on codebook subsampling
· W1 subsampling for rank 1 in PUCCH mode 1-1 submode 1
The rank 1 W1 subsampling issue has been extensively discussed in email thread [73-02] and there are two solutions to be considered:

Solution #1: 
For 4 antenna ports, 2-layer spatial multiplexing:
	Value of joint encoding of RI and the first PMI IRI/PMI
	RI
	Codebook index i1

	0-7
	1
	FFS between [IRI/PMI1] and [2IRI/PMI1]

	8-15
	2
	IRI/PMI1 – 8


For 4 antenna ports, 4-layer spatial multiplexing:
	Value of joint encoding of RI and the first PMI IRI/PMI
	RI
	Codebook index i1

	0-15
	1
	IRI/PMI1

	16-23
	2
	IRI/PMI1 - 16

	24
	3
	IRI/PMI1 - 24

	25
	4
	IRI/PMI1 - 25

	26-31
	reserved
	N.A.


Solution #2: 
For 4 antenna ports, 2 and 4 layer spatial multiplexing:
	Value of joint encoding of RI and the first PMI IRI/PMI
	RI
	Codebook index i1

	0-7
	1
	FFS between [IRI/PMI1] and [2IRI/PMI1]

	8-15
	2
	IRI/PMI1 - 8

	16
	3
	IRI/PMI1 - 16

	17
	4
	IRI/PMI1 - 17

	18-31
	reserved
	N.A.


During the email discussion, concerns on Solution #1 come from 1) UE implementation complexity caused by the two tables defined in Solution #1; 2) Performance gain of Solution #1 over Solution # 2 considering the increased PUCCH feedback overhead. 
A UE supporting 4-layer spatial multiplexing is typically a high-end UE; therefore, the additional cost and complexity of implementing one additional codebook subsampling table is considered to be small compared to the overall complexity of decoding four layers of spatial multiplexing.
Regarding the PUCCH feedback overhead, we need to add 2 more bits to the RI feedback when using the Rel-12 dual codebook with rank one codebook subsampling (Solution #2) compared with the Rel-8 codebook. However, we only increase the overhead by less than 1 bit when increasing the number of hypotheses in the detection process from 18 (Solution #2) to 26 (Solution #1). Table 1 and Table 2 present the system level evaluation results for the Rel-8 codebook, Rel-12 enhanced 4Tx codebook (Solution #1), and Rel-12 enhanced 4Tx codebook with subsampling (Solution #2). The simulation assumptions are listed in the Appendix of this contribution. As expected, Solution #1 outperforms Solution #2. The evaluation assumes error free PUCCH feedback. We assume that with properly controlled PUCCH power and reasonable uplink loading, PUCCH transmission errors should be minimized in order to operate in the closed-loop mode. In other words, if PUCCH errors are high, the best mode to operate is Rel-8 since it is most robust to error propagation conditions. 
Proposal 1: Use solution #1 for the enhanced 4Tx codebook subsampling in PUCCH 1-1 submode 1.
Table 1: Performance comparison for different codebooks (Full buffer)
	
	||||->|| 

average SE/cell edge SE
(bps/Hz)
	Gain (%)
	X   X->+
Average SE/cell edge SE
(bps/Hz)
	Gain (%)
	XX->+

average SE/cell edge SE
(bps/Hz)
	Gain (%)

	Rel-8
	2.21/0.073
	100/100
	1.66/0.053
	100/100
	1.85/0.062
	100/100

	Rel-12

Subsampling [2IRI/PMI1]
	2.22/0.073
	100.2/100
	1.72/0.054
	103.5/ 101.9
	1.97/0.062
	106.5/100

	Rel-12
	2.27/0.076
	102.7/104.1
	1.73/0.054
	104.2/101.9
	1.99/0.063
	107.6/101.6


Table 2: Performance comparison for different codebooks (FTP model 1)

	
	XX->+
	Gain (%)

	
	50%(kbps)
	5%(kbps)
	

	Rel-8
	8328
	2356
	100/100

	Rel-12 Subsampling [2IRI/PMI1]
	8699
	2566
	104.4/108.9

	Rel-12
	9479
	2632
	108.9/111.7


· Codebook subsampling in PUCCH mode 1-1 submode 2
It has been agreed in the last meeting that ranks 3~4 of the enhanced 4Tx codebook reuse the Rel-8 rank 3~4 codebook. Therefore, matrix W1 is identity matrix and matrix W2 could be indicated by a PMI of 4 bits. Then, no subsampling is needed for PUCCH 1-1 submode 2 in ranks 3~4.
For rank 1, we consider several solutions as listed in Table 3:

Table 3: Codebook subsampling solutions for rank 1 in PUCCH 1-1 submode 2

	Solution #1 [1]
	W1: 0, 2, 4, 6, 8, 10, 12, 14; 

W2: 0 ~ 15

	Solution #2 [2]
	W1: 0, 1, 2, 3, 4, 5, 6, 7; 

W2: 0 ~ 15

	Solution #3 [3]
	W1: 0, 4, 8, 12; 

W2: 0, 2, 8, 10

	Rel-8
	W2: 0~15


The performance comparison of the four solutions listed in Table 3 is presented Table 4. In the simulations, the UE only reports rank 1, and SU/MU switching is applied. The rest of the simulation assumptions are the same as in the Appendix. We can see from Table 4 that the performance of the enhanced codebook is similar or even worse than the Rel-8 codebook if 4-bit subsampling is applied. Since the PUCCH payload overhead of Solution #3 is the same as the PUCCH 1-1 feedback in Rel-8, the robustness of Solution #3 is also the same as in Rel-8. Therefore, Solution #3 does not seem to have a use case compared to Rel-8. Thus, Solution #1 in Table 3 is the prefered solution for rank 1 subsampling in PUCCH 1-1 submode 2 considering its slightly better performance compared to Solution # 2. Therefore, we propose:
Proposal 2: Apply 7-bit subsampling (Solution #1 in Table 3) for rank 1 codebook in PUCCH 1-1 submode 2.

Table 4: Performance comparison for different rank 1 codebook subsampling solutions in PUCCH 1-1 submode 2 (Full buffer)

	
	||||->|| 
average SE/cell edge SE
(bps/Hz)
	Gain (%)
	X   X->+

Average SE/cell edge SE (bps/Hz)
	Gain(%)
	XX->+

Average SE/cell edge SE

(bps/Hz)
	Gain(%)

	Solution # 1
	2.37/0.079

	107.2/108.2
	1.75/0.055
	105.4/103.8
	2.04/0.067
	110.3/108.1

	Solution # 2
	2.34/0.077

	105.8/105.5
	1.73/0.053
	104.2/100
	2.03/0.067
	109.7/108.1

	Solution # 3
	1.94/0.06

	87.8/82.2
	1.66/0.051
	100/96.2
	1.88/0.061
	101.6/98.4

	Rel-8
	2.21/0.073
	100/100
	1.66/0.053
	100/100
	1.85/0.062
	100/100


The performance impact of rank 2 codebook is usually less significant than rank 1. Therefore, for rank 2 codebook subsampling in PUCCH 1-1 submode 2, we slightly prefer to reuse the same W1 subsampling solution as for rank 1 and subsample W2 as in Table 5.

Table 5: Codebook subsampling for rank 2 in PUCCH 1-1 submode 2

	RI
	W1+W2 index after sub-sampling
	No. of W1+W2 hypotheses

	2
	W1: 0, 2, 4, 6, 8, 10, 12, 14
W2: for each W1, choose only (Y1, Y2) = (e1, e1) with the 2 possible co-phasing choices, i.e., 
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. The definition of Yi and ei are the same as in [1].
	8x2 = 16 (4 bits)


· Codebook subsampling in PUCCH mode 2-1
Using the same principle as for the 8Tx codebook, codebook subsampling should be applied for PUCCH reporting type 1a in PUCCH mode 2-1. We propose to use Table 6 as the subsampling solution. For rank 1, subsampling is not needed because PUCCH overhead does not exceed 11 bits without subsampling. For rank 2, the principle of subsampling is to maximize the number of unique codewords and cover as much AoD values as possible with the limited codewords. Since the beanforming gain decreases as the UE reported rank increases, a marginal impact on the overall performance would be expected independently from the codebook subset we choose for rank 3 and rank 4. We slightly prefer the subsampling scheme in Table 6 for rank 3 and rank 4, including the codewords optimized for both ULA and cross-polarized antenna configurations.
Table 6: Codebook subsampling for PUCCH 2-1

	RI
	W2 index after sub-sampling
	No. of W2 hypotheses

	1
	0 ~ 15 
	16 (4 bits)

	2
	W2: for each W1, choose (Y1, Y2) 
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{(e1, e1), (e3, e3)} with the 2 possible co-phasing choices, i.e., 
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. The definition of Yi and ei are the same as in [1].
	2x2 = 4 (2 bits)

	3
	0, 4, 8, 12 
	4 (2 bits)

	4
	0, 4, 8, 12 
	4 (2 bits)


Proposal 3: Use Table 5 and Table 6 as the codebook subsampling schemes for rank 2 codebook in PUCCH 1-1 submode 2 and PUCCH reporting type 1a in PUCCH 2-1, respectively.
3 Conclusion
Following the email discussion in [73-02], this contribution discussed the two solutions of codebook subsampling under consideration for the enhanced codebook in PUCCH 1-1 submode 1. Additionally, we shared our view on the codebook subsampling scheme for PUCCH 1-1 submode 2 and reporting type 1a in PUCCH 2-1, which are pending decision. In summary, we make the following proposals:
Proposal 1: Use solution #1 for the enhanced 4Tx codebook subsample in PUCCH 1-1 submode 1.
Proposal 2: Apply 7-bit subsampling (Solution #1 in Table 3) for rank 1 codebook in PUCCH 1-1 submode 2.
Proposal 3: Use Table 5 and Table 6 as the codebook subsampling schemes for rank 2 codebook in PUCCH 1-1 submode 2 and PUCCH reporting type 1a in PUCCH 2-1, respectively..
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5 Appendix
Table 7: System level simulation assumptions

	Parameter
	Value

	Traffic model
	Full Buffer / FTP model 1

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	57 Macro cells; 10 UEs/cell (full buffer)

	Downlink transmission scheme
	TM9 SU/MU dynamic switching with maximum two UE pairing

	Downlink scheduler
	Proportional Fair

	CQI reporting mode
	PUCCH 1-1, submode 1 and submode 2

	HARQ Retransmission
	3

	MIMO receiver type
	MMSE

	Antenna configuration
	||||->||; XX->+; X    X-> +

	Control overhead
	Three OFDM symbols for control, 2 CRS ports

	Channel model
	UMa

	User arrival rate in FTP
	2.5 packets/second/cell, 500Kbyte file size
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