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1
Introduction
In RAN#72bis meeting, design principles for Release 12 4Tx double codebook have been agreed. In this contribution we discuss the rank 3-4 design while in a companion paper we discuss the rank 1-2 design. Regarding the rank 3-4 design, a working assumption with respect to the number of bits has been made. 
Working assumption for rank 3,4 (if new codebook is agreed for rank 3-4):

· W1: 2 bits

· W2: FFS between:

· 4,3 for ranks 3,4 respectively, or 

· 3,3 for ranks 3,4

In this contribution we provide system level performance of codebooks submitted after the RAN1#72bis meeting.

2
System performance
In this section we present preliminary system performance using finite buffer traffic. The assumed simulations assumptions may be found in the Appendix of this contribution. The simulated scheme is SU MIMO as the purpose is to focus the investigation on ranks 3 and 4 operation. The baseline is Release 10 codebook. After the RAN1#72bis meeting, 5 codebook proposals have been made for rank 3-4 design, while many other companies prefer to reutilize the Release 8 codebook. The system performance gains are presented in Table 1 using indoor-outdoor modelling and 0.5 lambda antenna spacing. 

Table 1: Performance results for indoor macro scenario with SU MIMO.
	Case 

Mode 3-2 
	Average  [bps/Hz/UE]
	Coverage  [bps/Hz/UE]
	Average gain/loss 
	Coverage gain/loss 

	4Tx R10 codebook 
	1.41
	0.2720
	+0%
	+0%

	R10 down selected DCB 
	1.44
	0.2862
	+2.7%
	+5.2%


Observation:

· Down selected Release 10 double codebook brings performance benefits over legacy codebook in higher ranks. 
3
Conclusions

In this contribution we have presented system simulation results for DL MIMO enhancements. We observe that down selected Release 10 double codebook brings performance benefits over legacy codebook in higher ranks. However we want to highlight that this is a preliminary result, while further considerations are necessary to reach a final conclusion.
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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)

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

	Number of UEs per cell
	According to FTP1 traffic

	Transmission scheme
	
SU-MIMO with maximum 4 layers per UE

	Receiver
	Release 11: IRC Wishart DM-RS [4]

	Feedback
	PUSCH mode 3-2

	IMR modeling
	Ideal

	Scheduler
	TD-FD: PF-PF

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

	Traffic model
	Full buffer, CAR=4 and files size 4Mbit

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

	HARQ
	Maximum 4 retransmissions
Chase combining


