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1 Introduction
In 3GPP RAN1 #62bis meeting, a lot of progress has been made on the CSI signalling over PUCCH [1]. Three feedback modes have been identified, two modes targeting an extension of Rel. 8 PUCCH 1-1 and one mode targeting an extension of PUCCH 2-1:

1. CSI mode 2 PUCCH 1-1

· Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame

· For each rank, a subset of codebook C1 and/or subset of codebook C2 are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits

· For each rank, the subset of C1 and subset of C2 are fixed and hence not configurable

· For each rank, the subset of C1 and the subset of C2 are designed either separately or jointly

· For example: different subsets of possible co-phasing are used for different groups of beam angles

2. CSI mode 1 PUCCH 1-1

· Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signaled in the same subframe 

· Codebook sub-sampling may be performed depending on the final codebook design (to ensure that the total payload is sufficiently small)

· W is determined from 2-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1: RI and W1, jointly encoded 

· Report 2: wideband CQI and wideband W2 

· If W2 codebook C2 is of size 1, wideband W2 is not signaled
3. CSI mode 1 PUCCH 2-1

· Extension of Rel.8 PUCCH Mode 2-1

· W is determined from 3-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1: RI and 1-bit precoder type indication (PTI)

· Report 2: 

· PTI = 0: W1 will be reported 

· PTI = 1: wideband CQI and wideband W2 will be reported 

· Report 3: 

· PTI = 0: wideband CQI and wideband W2 will be reported 

· PTI = 1: subband CQI, subband W2, 

· Transmission of subband selection indicator versus predefined cycling is FFS

· For 2 and 4 tx, PTI is assumed to be set to 1 and is not signalled

In this contribution, we detail our view on the remaining issues related to the codebook subsets for W1 and W2 in  PUCCH 1-1 CSI mode 1 and 2.
2 Further Details in PUCCH 1-1 CSI Mode 2

In CSI mode 2 PUCCH 1-1, the max payload size for the PMI W should be equal or less than 4 bits for ranks>1 in order to keep a maximum of 11 bits per report. There is no issue for rank 5 to 8 with the agreed 8Tx codebook. For rank 1 to 4, we suggest that the codebook subsets are made such that W is chosen in a 4-bit subset.
There are many ways to define those 4-bit subsets. Table 1 and 2 show the performance of various codebook subsets.
Table 1. 8x2 closely spaced dual-polarized (XXXX->+ channels, 0.5λ antenna spacing, 15º angle spread)
	
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz)

	2 bits W1, 2bits W2, column selection for W2
	2.4467
	0.0813

	2 bits W1, 2bits W2, phase selection for W2
	2.3261
	0.0766

	3 bits W1, 1bit W2, column selection for W2

Rank 1: 
[image: image1.wmf]{

}

1

0,2,4,6,8,10,12,14

i

=



 EMBED Equation.DSMT4  [image: image2.wmf]{

}

2

0,8

i

=


Rank 2 
[image: image3.wmf]{

}

1

0,2,4,6,8,10,12,14

i

=



 EMBED Equation.3  [image: image4.wmf]{

}

2

0,4

i

=


	2.5061
	0.0831

	3 bits W1, 1bit W2, phase selection for W2 
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	2.4203
	0.0795

	4 bits W1, 0bit W2
	2.4786
	0.0799

	TI’s proposal (R1-105285) of PUCCH 1-1 CSI Mode 2 (7bits rank1, 4bits rank2)
	2.5612
	0.0855

	TI’s proposal (R1-105285) of PUCCH 1-1 CSI Mode 1 (4bits for RI & W1 joint encoding of rank1 and 2)
	2.5905
	0.0864


Increasing the payload size for rank 1 from 4 bit to 7 bit slightly enhances the performance. However in order to keep that mode simple and robust, it may be preferable to keep 4bit for rank 1, as for the other ranks.

Table 2. 8x2 closely spaced dual-polarized (||||||||->|| channels, 0.5λ antenna spacing, 15º angle spread)
	
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz)

	2 bits W1, 2bits W2, column selection for W2
	2.8536
	0.0812

	2 bits W1, 2bits W2, phase selection for W2
	2.8494
	0.0836

	3 bits W1, 1bit W2, column selection for W2
	2.7513
	0.0896

	3 bits W1, 1bit W2, phase selection for W2
	2.6796
	0.0885

	4 bits W1, 0bit W2
	2.7741
	0.0822


Proposal 1: Out of those evaluations, for CSI Mode 2 PUCCH 1-1, our preference is a 3-bit W1 and 1-bit W2 based on column selection of W2 for rank 1 and 2. For rank 3 and 4, our preference is a 2-bit W1 and 2bit W2. More specifically, here are the indices of the proposed W1 and W2:
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3 Further Details in PUCCH 1-1 CSI Mode 1

In CSI mode 1 PUCCH 1-1, codebook sub-sampling is not needed. However, many companies proposed to have sub-sampling for W1 to have better protection for report 1 e.g., joint encoding of RI & W1. We propose to have 5bits for the payload size of report 1 as below.

Proposal 2:
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Since W1 and W2 are reported in different subframes, overlapping beams in W1 can be still helpful even though W1 and W2 are both wideband information. Also it is natural to decrease the number of codebook entries per rank as the rank increases.
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5 Appendix: Simulation assumptions

	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10

	Handover margin
	1dB

	Downlink transmission scheme
	4x2 & 8x2 SU/MU-MIMO/multi-layer MU-MIMO based on SU-MIMO RI/PMI/CQI report

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain. Exhaustive search is performed with the MU-MIMO PF metric obtained as the sum of the PF metric of the co-scheduled UEs.

	Downlink link adaptation


	CQI and PMI 5ms feedback period

	
	Frequency granularity of PMI/CQI depends on PUSCH mode

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	PMI feedback error: 10% on the PUCCH for W2 report. 0% on the PUCCH for RI and W1 report. 0% on the PUSCH. 

	
	MCSs based on LTE transport formats [36.213]

	
	4-bit Quantized CQI per CW

	codebook

　
	Rel. 8 4 bit 4Tx codebook

	
	Rel. 10 8Tx codebook

	Allocation
	localized

	Total number of RB in one subframe
	54

	scheduling unit
	1 subband=3 or 6 consecutive RBs depending on the reporting mode

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell 

	Data Channel Estimation
	Non-ideal channel estimation on CSI RS and DM RS. MSE vs. CINR curves based on LLS provided as an input to SLS.

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	eNB: 

Co-polarized: Vertically polarized antennas

Cross-polarized: +/- 45 degrees

	
	UE:

0.5 wavelength separation

VH polarized

	
	0.5 and 4 wavelength separation at eNB 

	
	ideal antenna calibration

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe, RANK 3,4: 24 REs/RB/subframe

	
	Overhead of CSI RS: 4/8 sets of CSI RS every 5 ms and 1RE/port/RB (This is, in 4 Tx antenna case, 4 REs/RB per 5ms and in 8 Tx antenna case, 8 REs/RB per 5ms)

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0dB

	Channel model
	SCM urban macro low spread for 3GPP case 1, 3km/h

	Link error prediction technique
	MIESM (RBIR)

	
	Non-ideal link adaptation (i.e. non-ideal CQI). Outer-loop control based on ACK/NACK report.

	Intercell interference modeling
	rank 2 transmission in interfering cells

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers
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