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1 Introduction
At the RAN WG1#73 meeting a way forward on rank 1+2 codebook design was presented [1] containing Codebook 2a and Codebook 2b, referred below. The following discussion ended with the these notes:
Agreement: 

· W1 with wide-spaced beams (2a or 2b) for the sake of robustness of the gains

2a: NEC, NSN, Nokia, LGE, ZTE

2b: ALU, ASB, E///, ST-E, Renesas, Intel, Broadcom, HW, HiSi, Samsung, 

Way forward for ranks 1-2: 

· Evaluate 2a and 2b and how to perform codebook subsampling until Friday 7th June. 

· Email agreement between 2a and 2b and codebook subsampling until Friday 21st June. 

In this contribution we show evaluation results of codebooks 2a and 2b. We also discuss the codebook subsampling for feedback using PUCCH. 
2 Evaluation results
We have conducted system simulator evaluations of the two codebook candidates 2a and 2b in [1]. Antenna setup is 4x2 and only SU-MIMO was simulated. Furthermore, PUSCH feedback mode 3-2 was used and we used finite buffer according to agreed evaluation assumptions with high load point, close to 50% resource utilization. In these evaluations, no time alignment errors between antenna branches were modeled. For additional simulator assumptions, see the appendix. 
From the results in Table 1 and 2 below, we note that Codebook 2a gives a slightly better normalized user throughput when antennas are spaced narrow and that Codebook 2b gives better cell edge throughput benefits for both narrow and widely spaced antenna columns.  
Table 1 Codebook simulation results at 47% resource utilization. Narrow (λ/2) antenna spacing

	 
	Served Traffic
	Normalized User Throughput
	 
	Cell-edge Norm. User Throughput
	 
	Resource Utilization

	 
	[bps/Hz/cell]
	[bps/Hz/user]
	Gain [%]
	 [bps/Hz/user]
	Gain [%]
	Ratio

	Rel.8 Codebook
	1.11
	2.145
	-
	0.486
	-
	0.471

	Codebook 2a
	1.11
	2.204
	2.75
	0.515
	5.97
	0.459

	Codebook 2b
	1.11
	2.198
	2.47
	0.521
	7.20
	0.461


Table 2 Codebook simulation results at 50% resource utilization. Wide (4λ) antenna spacing

	 
	Served Traffic
	Normalized User Throughput
	 
	Cell-edge Norm. User Throughput
	 
	Resource Utilization

	 
	[bps/Hz/cell]
	[bps/Hz/user]
	Gain [%]
	 [bps/Hz/user]
	Gain [%]
	Ratio

	Rel.8 Codebook
	1.11
	2.015
	-
	0.410
	-
	0.504

	Codebook 2a
	1.11
	2.016
	0.0
	0.421
	2.67
	0.502

	Codebook 2b
	1.11
	2.013
	-0.1
	0.424
	3.31
	0.502


From the results obtained for this particular channel model, there seem to be a slight advantage for Codebook 2b which provides more than 1%-units improvement on the cell edge. Furthermore, these comparisons has only been made in UMa channel and it can be argued that Codebook 2b, which contains a few different rank 2 matrix structures, is more versatile and robust to a wider variety of channel realizations and/or time alignment errors (TAE). For instance, with TAE between polarizations, and also in wide angular spread channels, it is not obvious that the beams should point in the same directions for the two polarizations and Codebook 2b contains codebook elements to match these kinds of channel conditions.

Another issue that needs further discussion is the redundant code words in both Codebooks 2a and 2b. Such redundancy exists also for the 8TX codebook but there the situation is different because the beams of W1 were adjacent and in overlapping beam groups. The redundant beam structure is undesirable since it will lead to a waste of feedback overhead. Hence, we think it is worth to revisit this issue to correct this design flaw. 
One possibility is to keep the non-redundant rank 2 W2 code words in 2a/2b and replace code words that are redundant with new, non-redundant W2 code words. In codebook 2b, there are six rank 2 W2 code words that are redundant and in codebook 2a there are four. These should be replaced for better codebook and feedback efficiency.

The agreement on W1 structure with wide spaced beams and the non-redundant code words in W2 from codebook 2a/2b need not be revisited. 

Observation 1: Codebook 2b has better performance at cell edge and is more robust to other spatial channel properties and to time alignment errors.

Observation 2: The Codebook 2a and 2b designs produce code word redundancies which are a waste of feedback overhead. Discuss how to resolve this issue within current agreements and without removing non-redundant code words from Codebook 2a or 2b.    

3 Subsampling for PUCCH

From the chairman notes, it is noted that some FFS remains regarding the PUCCH feedback modes when Rel-12 codebook is configured. Here we address these three relevant feedback modes separately in the following sections. Since the codebook is not completely decided yet, we give some views on how to perform this in this section.
3.1 PUCCH mode 1-1, Submode 1

For this mode, feedback type 5 report is used to feed back a rank indicator and a PMI related to W1 (wideband PMI). In the 8 CSI-RS antenna port case, these are jointly encoded into a 4 or 5 bit payload depending on whether the UE support maximum 2 layers or more than two layers respectively. Since the codebook use 4 bit PMI for W1 some subsampling is needed if the same principle as in the eight antenna case is maintained where a 3 bit PMI is used. Assume that the W1 matrices are numbered as in [1] with 
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, then our subsampling proposal is to select every other beam to down sample from 4 bits to 3 bits. This could then be described as follows:

Table 7.2.2-?: Joint encoding of RI and 
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 for PUCCH mode 1-1 submode 1.
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	16
	3
	NA

	17
	4
	NA

	18-31
	reserved
	NA


This means that every other beam direction in W1 is selected. Furthermore, for rank 3 and 4, it has been agreed that W1 is the identity matrix and since this matrix does not correspond to any index in the codebook, therefore NA is listed in the table above. 
3.2 PUCCH mode 1-1, Submode 2

For this mode, feedback type 2c report is used to feed back a wideband CQI and a first and second PMI related to W1 and W2. The principle used in the case of eight CSI-RS ports is that only the first beam in W1 is possible to select and then BPSK co-phasing is used in W2  (i.e. 1 bit). For W1 every fourth beam group can be chosen (2 bits). We can describe the sub sampling table as follows:
Table 7.2.2-?: PUCCH mode 1-1 submode 2 codebook subsampling.
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3.3 PUCCH mode 2-1

For this mode, feedback type 1a includes subband second PMI information, subband CQI information and the subband label information. For rank 1, the original payload is 4+4+2=10 bits and no compression is needed. For rank 2 on the other hand, the original payload is 4+7+2=13 bits and the second PMI needs to be subsampled to at least 2 bits. There is also a working assumption that second PMI use 2 bits for rank 3 and 4, so to align the feedback overhead across the ranks, we propose to use 2 bits also for rank 2 reports.   
For rank 3 and 4 case, there are some codebook elements in the Rel.8 codebook which are suitable for coherent cross-polarized antenna setups. Among those, there are a few that can be alternatively written in dual codebook form, i.e. they are suitable for coherent cross-polarized antennas. As only four precoding matrices are needed, a further subset of those can be selected based on the principle of implementation simplicity, i.e. they contain only real valued elements. Hence, we propose to use 
Table 7.2.2-?: PUCCH mode 2-1 codebook subsampling.
	RI
	Relationship between the second PMI value and codebook index 
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5 Appendix
Table 1: System simulator assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nrof RBs per subband
	6

	Traffic Model 
	FTP type 1, 0.5 Mbyte

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Scheduling
	PFTF

	Outer Loop Link Adjustment
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with non ideal IRC (Wishart matrix model)

	Feedback mode
	3-2

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pole

	Macro antenna configuration
	XX setup with (/2 or 4( spaced columns, 11°downtilt

	Transmit power
	40 W

	MU-MIMO
	Not enabled

	CSI feedback impairment modelling
	Realistic CSI-RS and realistic CSI-IM
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