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1   Introduction
At RAN1#72bis, the following WF was adopted with respect to 4Tx codebook for Rel-12.
	Working assumption for structure of W1: 

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12),  W1 is defined as below


[image: image1.wmf]1

,..,

1

,

0

,

0

0

1

1

-

=

ú

û

ù

ê

ë

é

=

N

n

n

n

X

X

W



[image: image2.wmf]ú

û

ù

ê

ë

é

=

n

R

C

,n

,n

a

a

a

n

q

q

q

,

2

1

1

1

1

1

1

1

 

 

L

L

X


Where Xn  is a 2xCR matrix with DFT columns and [image: image3.wmf] 
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· To be determined:
· N1: 
total number entries of W1 per rank

· Q1:  
granularity of beam of W1 

· For each block matrix Xn

· CR: 

total number of beams

· a1,n, …, aCR,n :  
beam coefficients determining specific directions within the block

Working assumption for structure of W2: 

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12), W2 is a 2CR x R matrix defined as below
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where ei is a selection vector of zeros and a “1” in the ith row

· To be determined:

· N2: 

total number entries of W2 per rank

· Q2: 

co-phasing granularity between two polarizations  

· For each ar
· yr1:  

column selection for the first polarization

· yr2 : 

column selection for the another polarization

· mr1: 

phase shift  for the first polarization

· mr2: 

phase shift  for the second polarization

Working Assumption of Codebook Parameters of Rank 1 and Rank 2

· W1 (4 bits)

· N1 


16


· Q1, q1:


FFS

· For each block matrix Xn
· CR:

FFS between 2 and 4 (4 is the default)
· a1,n, …, aCR,n :  FFS

· W2 (3 or 4 bits) and three alternatives for column selection (assuming CR=4): 
· Alt.1 (4 bits) same as 8Tx W2
· Alt.2 (3 bits) subset of 8Tx W2
· Alt.3 (4 bits) as 8Tx W2 modified to

· For rank 1 
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· For rank 2
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· Alt.4 (4 bits) as Alt 3, modified as follows:
· For rank 1
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· For rank 2
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, Q2=8.




Codebook submissions were invited for a second round based on this WF. In this contribution, we provide evaluation results for a subset of the proposals and capture our observations.
2   Evaluation results
For this contribution, we evaluated the codebook proposals from ALU [2], Ericsson [3], NSN/Nokia (“Codebook 1”) [4] and two proposals from Renesas [5]. Table 1 has throughput results for the PUSCH 3-2 feedback for both closely-spaced and 4
[image: image14.wmf]l

-spaced Xpol antenna arrays at the BS. Additional details on the simulations are captured in Annex A.
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Rel-10 4Tx CB PUSCH 3-2 100% (2.57) 100% (0.057) 100% (2.51) 100% (0.051)

ALU 108.83% 101.42% 103.90% 106.73%

Ericsson 100.46% 97.17% 97.58% 96.04%

NSN/Nokia 99.96% 102.30% 99.43% 100.00%

Renesas 3 bit 96.61% 84.96% 99.03% 93.27%

Renesas 4 bit 108.38% 100.53% 105.46% 100.20%

0.5 L separation 4 L separation


Table 1. Normalized throughput comparison (4x2 MU-MIMO Full-buffer traffic)

2.1 Discussion
The gains for the 4
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-spaced Xpol case are smaller relative to that for the closely-spaced Xpol case with beam selection + co-phasing W2 as was observed by several companies in RAN1#72bis. Further some degradation is observed for the CB proposals with 3 bit per subband (Ericsson, Renesas 3bit) for the 4
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-spaced Xpol case. It therefore seems that 4 bits/subband (W2) are necessary so as to ensure that the new 4Tx codebook does not have inferior performance relative to Rel-10 4Tx CB. We therefore propose the following.
Proposal 1: Adopt 4 bits per subband for W2 PMI feedback for rank 1 and rank 2.
3 Rank 3/4 codebooks

It is well understood that rank 3/4 codebook enhancement is not useful for improving MU-MIMO efficiency. Furthermore, there are no deployment scenarios defined in RAN1 that would allow a fair comparison between Rel-10 4 Tx CB for rank 3/4 and the new codebook. However, in RAN1#72b, the following was agreed.

	· Assuming a new 4Tx codebook is introduced, it should be supported for all aperiodic reporting modes that are valid for TMs 8,9,10 when PMI/RI reporting is configured and periodic feedback modes 2-1 and 1-1 
· Assuming a new 4Tx codebook is introduced, RRC configuration per CSI process determines whether the UE uses the Rel-8 4Tx codebook or the Rel-12 dual codebook.  




With the agreement of RRC configuration per CSI process between the Rel-8 4Tx CB and any new 4Tx CB, it is desirable for the new 4 Tx CB to support rank3/4 operation.  From a specification standpoint, rank 3/4 CB can be defined based on the same design principles as that used for Rel-10 8Tx based on the beam selection + co-phasing approach. In other words, extending the rank 1/2 CB to the rank 3/4 case seems straightforward. Furthermore, per-CSI process RRC configurability between Rel-8 4Tx CB and any new 4Tx CB means that the eNB can switch to the Rel-8 4Tx CB if the new CB does not provide significant gains in a specific deployment scenario. Based on this, there is no significant drawback in defining new 4Tx CB for the rank 3/4 case.
4 Conclusions
In this contribution we provided evaluation results for a subset of the 4Tx enhanced codebook proposals. We propose the following. 
Proposal 1: Adopt 4 bits per subband for W2 PMI feedback for rank 1 and rank 2.
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6 Annex A – Simulation assumptions
Further details on the simulation assumptions are captured in Table A-1 below.
	Parameter
	Value

	Network Layout
	57-cell grid

	Scenario
	Scenario A from [6] which uses the TR 36.819 Scenario 3/4 macro-only part with UMa channel and a UE speed of 3 kmph

	UE indoor/outdoor drop ratio
	100% outdoor users

	CSI feedback mode
	PUSCH 3-2

	Feedback periodicity and delay
	5 ms and 6 ms respectively

	Channel Bandwidth and carrier frequency
	10 MHz and 2 GHz respectively


Based station antenna ctenna Cation PUSCH 3-2ratio tion assumptions are captured in Table 1 below.

	are necessary for W1 and 2 bits necesary 









onfiguration
	(1) 4 Tx comprising two closely separated X-pol elements with (+45, -45) deg slant
(2) 4 Tx comprising two 4
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-separated X-pol elements with (+45, -45) deg slant

	UE antenna configuration
	2 Tx comprising X-pol elements with (+45, -45) deg slant

	UE Receiver
	MMSE + IRC (Interference modeled as a Wishart distributed random matrix)

	CQI feedback
	Realistic 4 bit MCS feedback

	PDCCH decoding 
	Ideal

	Scheduler
	(1) Hybrid SU/MU-MIMO dynamic switching. MU-MIMO Scheduling 
(2) OLLA targeting a mean BLER of 0.1

	Traffic Model
	Full Buffer


Table A-1: Simulation assumptions
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