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1
Introduction

During the RAN1 #73 meeting, the following agreement has been reached. It remains to choose a new 4Tx codebook between 2a and 2b.
Agreement: 

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

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. 

We evaluate codebooks 2a and 2b and consider codebook subsampling in this contribution.

2
Rank 1/2 codebook design

In [1], codebooks 2a and 2b are defined. We copy the definitions here as reference:

Codebook 2a is defined as
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Codebook 2b is defined as 
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It can be seen that the difference between codebook 2a and codebook 2b is the structure(s) for W2 at rank 2. For rank 2, Codebook 2a reuses the W2 design from Rel-10 8Tx codebook design; codebook 2b introduces additional construction structures which are supposed to bring benefit for the widely spaced antenna configuration and deployment with timing alignment error.

In this contribution, we provide simulation results with the agreed simulation assumptions: we provide simulation results with 100% outdoor, and 80% indoor cases, which should give a good coverage for cases with different angle spreads at eNB. We also provide simulation results for closely spaced antenna configuration (half wavelength spacing) and widely spaced antenna configuration (4 wavelength spacing).

Taking into account the inputs from operators and other companies, we have also performed simulations with timing alignment error.

3
Simulation results and discussion

The simulation setup can be found in Appendix A.

3.1
Simulation results with ideal timing alignment

Table 1: 80% indoor, closely spaced antennas

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP (Mbps)
	 cell edge TP (kbps)
	 utilization ratio

	Closely spaced, LTE Rel-11 4Tx codebook
	10.42(0.00%)
	15.77(0.00%)
	10.97(0.00%)
	2945.91(0.00%)
	0.541

	Closely spaced, Codebook 2a
	10.44(0.19%)
	16.89(7.10%)
	11.63(6.02%)
	3189.52(8.27%)
	0.521

	Closely spaced, Codebook 2b
	10.43(0.10%)
	16.56(5.01%)
	11.57(5.47%)
	3183.29(8.06%)
	0.526


Table 2: 80% indoor, widely spaced antennas

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP (Mbps)
	 cell edge TP (kbps)
	 utilization ratio

	Widely spaced, LTE Rel-11 4Tx codebook
	10.40(0.00%)
	14.61(0.00%)
	10.16(0.00%)
	2644.72(0.00%)
	0.559

	Widely spaced, Codebook 2a
	10.42(0.19%)
	15.42(5.54%)
	10.70(5.31%)
	2780.37(5.13%)
	0.545

	Widely spaced, Codebook 2b
	10.41(0.10%)
	14.91(2.05%)
	10.42(2.56%)
	2742.09(3.68%)
	0.552


Table 3: 100% outdoor, closely spaced antennas

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP (Mbps)
	 cell edge TP (kbps)
	 utilization ratio

	Closely spaced, LTE Rel-11 4Tx codebook
	10.44(0.00%)
	20.36(0.00%)
	14.91(0.00%)
	4257.68(0.00%)
	0.46

	Closely spaced, Codebook 2a
	10.45(0.10%)
	21.59(6.04%)
	16.08(7.85%)
	4684.16(10.02%)
	0.441

	Closely spaced, Codebook 2b
	10.45(0.10%)
	21.22(4.22%)
	15.95(6.98%)
	4631.35(8.78%)
	0.446


Table 4: 100% outdoor, widely spaced antennas

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP (Mbps)
	 cell edge TP (kbps)
	 utilization ratio

	Widely spaced, LTE Rel-11 4Tx codebook
	10.44(0.00%)
	19.37(0.00%)
	14.37(0.00%)
	4014.98(0.00%)
	0.471

	Widely spaced, Codebook 2a
	10.44(0.00%)
	20.34(5.01%)
	14.92(3.83%)
	4211.72(4.90%)
	0.457

	Widely spaced, Codebook 2b
	10.44(0.00%)
	19.70(1.70%)
	14.41(0.28%)
	4178.29(4.07%)
	0.465


From tables 1-4, we can see for all combinations of 80% indoor/100% outdoor deployments and closely/widely spaced antennas, compared to the LTE Rel-11 4Tx codebook, codebook 2a gives higher gains than codebook 2b. Specifically for the widely spaced antenna case (for both 100% outdoor/80% indoor cases), it looks that codebook 2b does not benefit from the additional structures introduced in W2.

3.2
Simulation results with timing alignment error

Table 5: 80% indoor, closely spaced antennas

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP (Mbps)
	 cell edge TP (kbps)
	 utilization ratio

	Closely spaced, LTE Rel-11 4Tx codebook, TAE at N(0,12ns)
	10.43(0.00%)
	15.77(0.00%)
	10.72(0.00%)
	2914.46(0.00%)
	0.541

	Closely spaced, Codebook 2a, TAE at N(0,12ns)
	10.44(0.10%)
	16.77(6.34%)
	11.62(8.40%)
	3187.74(9.38%)
	0.523

	Closely spaced, Codebook 2b, TAE at N(0,12ns)
	10.43(0.00%)
	16.49(4.57%)
	11.58(8.02%)
	3157.24(8.33%)
	0.526


Table 6: 80% indoor, widely spaced antennas

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP (Mbps)
	 cell edge TP (kbps)
	 utilization ratio

	Widely spaced, LTE Rel-11 4Tx codebook, TAE at N(0,12ns)
	10.41(0.00%)
	14.57(0.00%)
	9.98(0.00%)
	2623.35(0.00%)
	0.561

	Widely spaced, Codebook 2a, TAE at N(0,12ns)
	10.42(0.10%)
	15.26(4.74%)
	10.46(4.81%)
	2778.68(5.92%)
	0.547

	Widely spaced, Codebook 2b, TAE at N(0,12ns)
	10.42(0.10%)
	14.84(1.85%)
	10.19(2.10%)
	2711.26(3.35%)
	0.554


From tables 5-6, it can be seen that with timing alignment error, codebook 2a still outperforms codebook 2b. We still fail to see the benefit brought by the additional structures in W2 in codebook 2b. We have 

Observation: Compared to codebook 2a, Codebook 2b does not bring performance advantage for the widely spaced antenna configuration and deployment with timing alignment error.

On the other hand, the additional construction structures in W2 of codebook 2b bring un-necessary complexity in UE implementation. Hence we have 

Proposal: Adopt codebook 2a as the enhanced codebook in Rel-12.

4
Codebook subsampling

Table 7: Beam group and beam vectors

	
	Beam group index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	beam vector 1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	beam vector 2
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	beam vector 3
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	beam vector 4
	24
	25
	26
	27
	28
	29
	30
	31
	0
	1
	2
	3
	4
	5
	6
	7


Codebook subsampling for codebook 2a

In the Rel-10 8Tx design, beam groups with beam vectors covered in other beam groups are trimmed in codebook subsampling in feedback mode 1-1. The practice for Rel-10 8Tx codebook offers a useful reference as both use the same W2 design. consider there are 16 beam groups (0,…, 15), and beam groups 0/8, 1/9, … 7/15 share the same beam vectors (though they are indexed differently in two beam groups, refer to table 7), it seems natural to perform codebook sampling for feedback mode 1-1 submode 1 with beam indices {0,1,2,3,4,5,6,7} at rank 1/2. By the agreement reached at RAN1 #73, there is no codebook subsampling at rank 3/4 for submode 1. 

As for feedback mode 1-1 submode 2, following the practice in Rel-10 8Tx codebook, at rank 1/2, for W1 we can choose beam indices {0,1,2,3,4,5,6,7} as well. In summary, we have 

Observation 2:  At rank 1/2,   beam groups {0, 1, 2, 3, 4, 5, 6, 7} can be kept for submodes 1 and 2 in feedback mode 1-1. 
For feedback mode 2-1, there is no need to subsample W2 for rank 1. For rank 2, the same subsampling on W2 as in Rel-10 8Tx codebook can be re-used: 
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We have 

Observation 3: For feedback mode 2-1, at rank 2, subsampling on W2 can be done according to 
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As for rank 3/4,  while subsampling  Rel-11 4Tx rank 3/4 codebook is possible (4 out of 16 codewords are chosen), its impact on performance is not clear. Of course, another option is to revert to the practice before the introduction of dual codebook in Rel-10, a wideband PMI without subsampling is used. The pros and cons of that option needs to be further studied.

Codebook subsampling for codebook 2b
For codebook 2b, subsampling can be rather complicated if part of the additional construction structures in W2 is to be retained after subsampling. How that should decide what beam groups are preferred in the case of feedback mode 1-1 is not clear; neither is it clear how subsampling should be done for feedback mode 2-1. 

Of course, another option is to focus on the common part in W2 between codebook 2a and codebook 2b and subsampling is done accordingly.  Then in that case, there is no difference in the subsampled codebooks between codebook 2a and codebook 2b; that leaves codebook 2b to demonstrate performance gain in feedback modes without codebook subsampling, but we don’t see that from the evaluation in the previous section.   
5
Conclusion

We evaluate codebooks 2a and 2b and consider codebook subsampling in this contribution.  We have

Proposal: Adopt codebook 2a as the enhanced codebook in Rel-12.
Observation 1: Compared to codebook 2a, Codebook 2b does not bring performance advantage for the widely spaced antenna configuration and deployment with timing alignment error.

Observation 2:  At rank 1/2,   beam groups {0, 1, 2, 3, 4, 5, 6, 7} can be kept for submodes 1 and 2 in feedback mode 1-1. 
Observation 3: For feedback mode 2-1, at rank 2, subsampling on W2 can be done according to 
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Appendix A – Simulation setup
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, 500 m ISD


	Simulation case
	ITU UMa for macro

	Carrier frequency
	2GHz

	Deployment scenario
	Scenario A: Homogenous macro

	Antenna configuration
	4 Tx 0.5λ or 4λ x-pol (-45o, 45o), for eNB

2 Rx 0.5λ x-pol (0o, 90o)

	Timing alignment error model
	Ideal timing alignment or TAE follows N(0,12ns)

	Number of UEs per cell
	Arrival rate at 2.5 UEs/second/cell for bursty traffic

	Transmission scheme
	SU-MIMO with maximum 2 layers per UE

	Receiver modeling for PDSCH
	IRC, realistic channel estimation,  sample covariance matrix modeled with the Wishart distribution

	Feedback
	Mode 3-2: {Rel’8  4Tx codebook as baseline} 

Subband sizes 6 PRBs/1 PRB, 5 ms delay PMI/CQI

	Scheduler
	Proportional fair

	Indoor / outdoor modeling
	Drop rule 1: 20 % UEs dropped outdoor

Drop rule 2: 100% UEs dropped outdoor

	Traffic model
	Bursty traffic model at a number of arrival rates {2.5} UEs/second/cell

	Receiver modeling for CSI
	Realistic channel estimation for CSI-RS 

	HARQ
	Max 4 retransmission

Incremental redundancy
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