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1
Introduction
During the RAN1#73 meeting, two codebooks 2a and 2b were agreed with the amendment that one proposal should be selected. In this contribution we evaluate the system performance of these two codebooks. In addition, we show that agreed W1 codewords are close to ambiguous and propose a solution to this issue.
2
Ambiguity of W1 codewords
In order to demonstrate the issue with ambiguity of long-term wide-band codewords, we have created a table that shows beam selection indices as function of codeword index n. 

Table 1: Beam-indices present in W1 codeword as function of codeword index n

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

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

	n+8
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	n+16
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

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


From Table 1 it is obvious that two groups of codewords (separated by colour shading) are only permutations. And thus these codewords are close to useless in rank 1, where each beam selecting vector is used four times. These codeword permutations are different only in cross-polarization phase shifted by α(2)= π/8, which is almost negligible.
Observation 1: The codewords in W1 codebook are close to ambiguous. 

As a solution to this issue, we have modified the W2 to employ only 3 beams from W1 in rank1 and hence:
· made W1 codewords fully unique

· utilized four W2  codewords with different beam per polarization 

· kept the same W1 principle of orthogonal beams as agreed in RAN1#73 and also the beam spacing of {0, 8, 16, 24}.

The proposed arrangement of beams can be for example as in Table 2, where beams are grouped around central beam.
Table 2: Employing only 3 beams from W1 codebook
	n
	24
	25
	26
	27
	28
	29
	30
	31
	0
	1
	2
	3
	4
	5
	6
	7

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

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

	n+24
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31


The result of fixed W1 design is captured below and for convenience we have called it codebook 2c:
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3
System level performance
In this section we present system performance using finite buffer traffic. The assumed simulations assumptions may be found in the Appendix B of this contribution. The simulated scheme is dynamic switching between single and multi-user MIMO where only two rank-1 UEs in MU dimension were allowed. The baseline is Release 11 multi rank feedback (R11 3-2 MR) that is two CSI process, where both rank 1 and rank 2 feedback is available at the transmitter at the same time. We used exhaustive search for W1, where metrics on opened codebook are computed per sub-band. The W1 codewords that maximizes metric over all sub-bands is selected. The TAE model is shown in Appendix C.
Observations:

· Performance of solution 2b is better compared to 2a in presence of TAE, however in general the gain from 2a and 2b is not very high, especially comparing with the previously reported gains [1].

· Codebook 2c proposed in this contribution performs noticeable better especially in the presence of TAE.
· The different beams per polarization are even more beneficial in the presence of TAE.
Observation 2: Solution 2b provides better gains compared to solution 2a in presence of TAE.
Observation 3: The different beams per polarization are even more beneficial in presence of TAE
Table 3 : FTP traffic, 0.5 lambda spacing, no TAE

	
	Average

[bps/Hz/UE]
	Coverage

[bps/Hz/UE]
	average %
	coverage %
	RU

	R8
	1.770
	0.371
	0.0
	0.0
	56.5

	2a
	1.811
	0.390
	+2.3
	+5.1
	54.8

	2b
	1.809
	0.389
	+2.2
	+4.9
	54.9

	2c
	1.839
	0.394
	+3.9
	+6.2
	53.9


Table 4: FTP traffic, 0.5 lambda spacing, TAE (tmax=12 ns)
	
	Average [bps/Hz/UE]
	Coverage [bps/Hz/UE]
	average %
	coverage %
	RU

	R8
	1.689
	0.329
	0.0
	0.0
	58.2

	2a
	1.727
	0.350
	+2.2
	+6.4
	57.1

	2b
	1.732
	0.353
	+2.5
	+7.3
	56.8

	2c
	1.757
	0.368
	+4.0
	+11.9
	55.8


Table 5 : FTP traffic, 4.0 lambda spacing, no TAE

	
	Average [bps/Hz/UE]
	Coverage [bps/Hz/UE]
	average %
	coverage %
	RU

	R8
	1.687
	0.308
	0.0
	0.0
	58.6

	2a
	1.724
	0.319
	+2.2
	+3.5
	57.5

	2b
	1.722
	0.318
	+2.1
	+3.2
	57.7

	2c
	1.734
	0.322
	+2.8
	+4.5
	57.2


Table 6: FTP traffic, 4.0 lambda spacing, TAE (tmax=12 ns)

	
	Average [bps/Hz/UE]
	Coverage [bps/Hz/UE]
	average %
	coverage %
	RU

	R8
	1.623
	0.280
	0.0
	0.0
	59.6

	2a
	1.665
	0.296
	+2.6
	+5.7
	58.7

	2b
	1.671
	0.299
	+3.0
	+6.8
	58.5

	2c
	1.6957
	0.303
	+4.5
	+8.2
	58.2


4
Conclusions

In this contribution we have presented system simulation results for codebooks 2a and 2b and proposed enhanced codebook 2c designed on the similar principles. We have the following proposals:

Proposal: Adopt option 2b as Release 12 4Tx codebook. 
Proposal: Consider the enhanced 2c codebook, designed on the principles of 2a/2b. 
References

[1] R1-132644, “Rank 1-2 performance of double codebook for four DL antenna ports”, Renesas Mobile Europe Ltd. 

Appendix A. Agreed simulation methodology
1. Outdoor-Indoor Ratio:  The evaluation will use user distributions for scenario A for (a) the case with 20% outdoor/80% indoor UE distribution and (b) the open-space case with 100% outdoor UE distribution

2. UE density clarification: The evaluation will use 10 UE per macro cell in Scenario A with uniform distribution for full buffer traffic model. 

3. Receiver type:  The evaluation will use an MMSE-IRC receiver at the UE with realistic IRC covariance matrix estimation.

· The IRC correlation matrix can be approximated using the complex Wishart distribution with M degrees of freedom [36.829 with DMRS based sample covariance matrix]. Details of the covariance matrices, estimation error, and statistical interference modeling should be described by each company.

4. Channel Estimation: The evaluation will use non-ideal modeling of channel estimation on CSI-RS, orthogonal and quasi-orthogonal DM-RS, and IMR. 

· The methodology of modeling channel estimation used for simulations should be described by each company. 

5. Traffic modelling:  The evaluations will use the full-buffer model and non-full-buffer FTP 1 model 

· FTP Model 1 must be used to decide on inclusion of any new DL MIMO enhancement feature in Rel-12

· FTP Model 1 with file size of 0.5 Mbytes,  and user arrival rate λ=2.5  and 4 (approximately 50% and 80% RU respectively, see TR 36.814)

6. Transmission mode :  The evaluation will use TM10 with QCL behavior A and single point operation (i.e. no CoMP or ICIC features)

· Same number of CSI-processes (either one or multiple CSI processes)  applied for both baseline and enhancement evaluation

· TM10 with single CSI process as mandatory and TM10 with multiple CSI processes as optional

· If one or multiple CSI processes are configured, details of CSI process configuration for a UE should be described by each company.  

 
7. SU/MU switching : The evaluation will use dynamic UE selection with non-ideal modeling of orthogonal DMRS and/or quasi-orthogonal DMRS.  

· The overhead due to DMRS ports and the modeling of quasi-orthogonal DMRS should be described by each company.

· Details of SU/MU switching should be described by each company, e.g. the maximal number of UE pairing, the maximal transmission rank per UE 

8. Feedback mode : PUSCH reporting mode 3-1 as both baseline and enhancement evaluation with x ms feedback periodicity and y ms delay between feedback and transmission

· x = 5ms, other values as optional

· y = 5ms, other values as optional

· Other PUCCH/PUSCH reporting mode can be used as optional in condition that a common wideband or narrowband feedback is applied for both baseline and enhancement evaluation.

Appendix B. Simulation assumptions

	Parameter
	Value

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

	Simulation case
	ITU-R Uma

	Carrier frequency
	2.0 GHz

	Deployment scenario
	Homogenous macro

	Antenna configuration
	4 Tx 0.5 lambda x-pol (-45o, 45o)

2 Rx 0.5 lambda x-pol (0o, 90o)

	Number of UEs per cell
	10 for full buffer

	Transmission scheme
	Dynamic switching between 
MU-MIMO with maximum 2 UE per layer and 1 layer per UE and
SU-MIMO with maximum 2 layers per UE

	Receiver
	Release 11: IRC Wishart DM-RS [1]

	Feedback
	PUSCH mode 3-2, Release 8 codebook

	IMR modeling
	Ideal

	Scheduler
	TD-FD: PF-PF

	Indoor / outdoor modeling; outdoor modeling
	20% UEs dropped outdoor

	Traffic model
	FTP1 (4Mbit file, 2.5 user/second )

	Channel estimation
	Realistic CSI-RS based channel estimation for CSI feedback
DM-RS

	HARQ
	Maximum 4 retransmissions
Chase combining


Appendix C. Timing advance error modeling
The TAE is modeled with modified triangular distribution, where probability of error is flat in the middle and decreases around edges.
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