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1 Introduction
In RAN1#62b, a way forward on the down selection of the Rel-8 PUCCH reporting mode 1-1 extension was presented but not agreed yet [1]. The two PUCCH reporting modes that should be down selected are:
· Extended PUCCH 1-1 CSI Mode1: Extension of Rel.8 PUCCH Mode 1-1 where RI and W1 are signalled in the same sub-frame as report 1 and W2 and CQI are signalled in a next sub-frame as report 2.
· Extended PUCCH 1-1 CSI Mode2: Extension of Rel.8 PUCCH Mode 1-1 with W1 and W2 signalled from the same sub-frame as report 2 and RI is signalled in a previous sub-frame as report 1.
In this contribution, we compare the performance of the two feedback modes and give our view on which mode to be selected if down-selection is performed. 
2 Discussions
Considering the PUCCH payload size limitation, assume the payload size for report 1 of CSI mode 1 doesn’t exceed 5 bits and report 2 of CSI mode 2 doesn’t exceed 11 bits. 
In order to decrease the payload size in report 1 of Mode 1, sub-sampling pattern of W1 is illustrated in Table 1. The principle for Rank 1 and Rank 2 is that i1 is selected every other one, such that the overlapped beams are partially removed. For Rank 3 and Rank 4, all the indexes of i1 are kept since down sampling will only decrease the hypothesis but will not decrease the number of feedback bits. For Rank 5~7, 2 out of 4 indexes are selected. The down-sampling scheme of Table 1 has met the required PUCCH payload size limit in report 1 of CSI Mode 1. Note that further down-sampling can be applied if uplink coverage of report 1 is of further consern. 
Table 1. Subset of codebook utilized in CSI mode 1.

	
	i1
	i2

	RI=1
	0,2,4,…14
	0,1,…,15 (4 bits)

	RI=2
	0,2,4,…14
	0,1,…,15 (4 bits)

	RI=3
	0,1,2,3
	0,1,…,15 (4 bits)

	RI=4
	0,1,2,3
	0,1,…,7 (3 bits)

	RI=5
	0,2
	0 (0 bits)

	RI=6
	0,2
	0 (0 bits)

	RI=7
	0,2
	0 (0 bits)

	RI=8
	0
	0 (0 bits)

	Report 1
	31 Hypothesis (5bits)

	Report 2
	At most 4bits for PMI


In order to decrease the payload size in report 2 of Mode 2, sub-sampling pattern of W1 and W2 are illustrated in Table 2. Considering the limitation of 11bits payload and the CQI feedback in this report, the maximum payload for PMI is 7 bits for Rank 1 and 4 bits for other ranks. Based on this limitation, the principle of sub-sampling is the same as Mode 1 for Rank 1.  For Rank 2, further down-sampling is made to i2. Only the first two indexes are selected to cover different antenna configurations. For Rank 3 and 4, indexes of i1 is selected every other one, and the indexes of i2 are selected every other one for rank 3 and kept unchanged for rank 4. 
Table 2. Subset of codebook utilized in CSI mode 2.

	
	i1
	i2
	Total PMI bits

	RI=1
	0,2,4,…,14
	0,1,…,15
	7bits

	RI=2
	0,2,4,…,14
	0,1
	4bits

	RI=3
	0,2
	0,2,4,…,14
	4bits

	RI=4
	0,2
	0,1,…,7
	4bits

	RI=5
	0,1,2,3
	0 (0 bits)
	2bits

	RI=6
	0,1,2,3
	0 (0 bits)
	2bits

	RI=7
	0,1,2,3
	0 (0 bits)
	2bits

	RI=8
	0
	0 (0 bits)
	0bit

	Report 1
	At most 3 bits

	Report 2
	At most 11bits


3 Performance Evaluation
Link level performance comparisons are shown in the figures bellow. Simulation assumptions are listed in the appendix.  

From Fig.1, we have the following observations:  
For rank 1, both CSI mode 1 and mode 2 have very similar performance without considering feedback errors. If feedback error is modeled for rank 1, CSI mode 1 will have worse error propagation performance from RI but better link performance in report 2. But the overall performance for two modes should still be similar. 
For rank 2, CSI mode 1 has slightly better performance than CSI mode 2 without considering feedback errors because less subsampling is applied to CSI mode 1. If feedback errors are considered, CSI mode 1 will have slightly higher performance loss because of the error propagation from RI in CSI mode 1 will be higher than that of CSI mode 2. But overall, the performance for two CSI modes should still be quite close. 
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Figure 1, RANK 1 and RANK 2 performance comparisons of CSI mode 1 and CSI mode 2 for ||||||||->||
From Fig.2, we have very similar observation as ULA antenna configuration.
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Figure 2, RANK 1 and RANK 2 performance comparisons of CSI mode 1 and CSI mode 2 for XXXX->+
4 Conclusions
In this contribution, we give our views on the two CSI modes of the Rel.8 PUCCH mode 1-1 extension and would like to recommend the following:
Select CSI Mode 1 as the extension of Rel.8 PUCCH reporting mode 1-1.
If RI error propagation is considered as an issue in some situation, further sub-sampling can be applied to W1.
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6 Appendix I:  Simulation assumptions

	Parameters
	Values

	Channel model
	SCM Urban Macro Low Angular Spread

	BS antenna configuration
	XP: 4 cross-polarized antennas (8 elements), half wavelength spacing 
ULA: 8 co-polarized antennas, half wavelength

	UE antenna configuration
	XP: 1 cross-polarized antenna (2 elements) +
ULA: 2 co-polarized antennas, half wavelength spacing

	UE velocity
	3km/h

	Number of layers per UE
	1 and 2

	System bandwidth
	10 MHz

	Allocated PRBs
	50

	Number of PDCCH symbols per TTI
	2

	Link adaptation
	Yes

	Precoding granularity
	50 PRB

	CSI/CQI feedback scheme
	[2]

	Feedback delay
	6 ms

	CQI/PMI  Feedback periodicity
	5ms

	RI Feedback periodicity
	25 ms

	Channel estimation
	2DMMSE for CSI-RS and DMRS based channel estimation

	Receiver scheme
	MMSE

	Channel code
	Turbo code (8 iterations)

	Number of HARQ re-transmissions
	3


