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1
Introduction
During the previous RAN1#72 meeting, a working assumption on DL MIMO enhancements has been agreed. In addition, 19 companies have provided detailed codebook descriptions to be considered as candidates for Rel-12 enhancements. 

Working Assumptions:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 
· 2 Tx: 0 bit
· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 
· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2
· 4Tx: FFS with the consideration of codebook enhancement in Rel.12
· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively
· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel
· Additional information in the CSI reports for this new feedbsack mode

· For example CSI feedback enhancements targeted at improving MU performance 

(Note that the current Rel-10 4tx codebook has W=W1W2 structure). 

In this contribution we present several Rel-12 codebook design guidelines while taking into account common points from the submitted codebook design contributions. In addition, we present system simulation results for some of the presented codebooks for full and finite buffer traffic.
2
Release 12 4Tx codebook design principles
Commonalities of submitted proposals
The codebooks submitted after RAN1#72 can be grouped into two main categories. The first category uses a diagonal matrix as long-term wideband part and the second category uses block diagonal matrix of grid-of-beams instead.  For some submitted codebooks, there exists a one-to-one mapping between these two notations. The codebook structure with grid-of-beams would be more beneficial as it would be consistent with 8Tx double codebook and therefore would ease the implementation. 
Proposal 1:  Reuse the codebook structure from 8Tx codebook from [9].
Design principles 
The general design parameters of a double codebook [image: image2.png]wW,Ww,



 can be summarized as follows.
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:  
· Number of base oversampled DFT vectors [image: image6.png]


.
· Number of neighbouring beams[image: image8.png]


.
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:
· Number of bits for cross-polarization combiner.
· Number of bits for beam selection vectors.
· Number of bits for amplitude imbalance.
As baseline parameters we suggest [image: image12.png]


32 base vectors and [image: image14.png]


 neighbouring vectors in a [image: image16.png]


codeword. For rank-1 [image: image18.png]


, we propose QPSK alphabet for cross-polarization combiner and four beam selection vectors. Baseline is therefore a down-sampled Release 10 double codebook from [9]. In addition, we propose components of the each codeword [image: image20.png]wW,Ww,



 to be of constant modulus property, allowing for smaller complexity and avoiding power imbalance between antenna ports. The rank-2 [image: image22.png]


 codewords shall be a semi-unitary matrices optimized for prioritized channel scenarios. The double codebook should obey the nested property in order to lower codeword selection complexity at the user terminal. Additional codebook enhancements, such as for example different beams per polarization, should be employed as proposed in [8]. 

Proposal 2:  Consider down-sampled 8Tx double codebook as a baseline.
Proposal 3: Additionally consider including codebook entries employing different beams per polarization as proposed in [8]. 
3
System performance
In this section we present system performance using full and finite buffer traffic. The assumed simulations assumptions may be found in the Appendix 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. In terms of enhancements, we have investigated several codebooks. All simulated codebooks are constant modulus and having an overhead of at most 4+4 bits. The full buffer system performance results when using indoor-outdoor modelling are shown in Table 1 and finite buffer system performance results are shown in Table 2.
We have the following observations in Full buffer:                       
· Downscaled codebook and proposed codebook herein [8] performs the best. This is due to consistent performance across both rank 1 and rank 2.
· Double codebooks designed with diagonal [image: image24.png]


 [11] and same feedback overhead as downscaled 8Tx codebook (hence 4+4bits), exhibits no gain in cell edge.
We have the following observations in Finite buffer:

· Herein proposed codebook from [8] performs the best. This is due to consistent performance across both rank 1 and rank-2.

· Single beam codebook with 2bit per sub-band overhead does not improve the Finite buffer system performance with roughly 55% resource utilization. This is due to simple sub-band [image: image26.png]


 codebook in rank-2.
Observation 1: Single beam double codebook from [10] does not provide gain over Release 10 4Tx codebook in Finite Buffer traffic model with 54% resource utilization.
Table 1: Performance results for scenario A with Dynamic Switching and Full buffer traffic model
	Case
Mode 3-2 MR
	Average SE [bps/Hz/UE]
	Cell edge  [bps/Hz/UE]
	Average SE gain/loss
	Cell edge UE SE gain/loss

	4Tx R11
	2.191
	0.0577
	+0%
	+0%

	DCB single beam [10]
	2.255
	0.0587
	+2.9%
	+1.7%

	Downscaled 8Tx DCB [12] Alt.2
	2.272
	0.0593
	+3.7%
	+2.7%

	DCB Renesas [8]
	2.269
	0.0598
	+3.6%
	+3.7%

	DCB diagonal [image: image28.png]


  [11]
	2.257
	0.0586
	+3.0%
	+1.6%


Table 2: Performance results scenario A with Dynamic Switching and FTP 1 traffic model with 2.5 users/s arrival rate
	Case

Mode 3-2 MR
	Average SE [bps/Hz/UE]
	Cell edge  [bps/Hz/UE]
	Average UE SE gain/loss
	Cell edge UE SE gain/loss
	Resource utilization

	4Tx R11
	17.045
	0.3428
	+0%
	+0%
	54.9

	DCB single beam [10]
	17.104
	0.3469
	+0.3%
	+1.2%
	54.3

	Downscaled 8Tx DCB [12] Alt.2
	17.331
	0.3646
	+1.7%
	+6.4%
	53.7

	DCB Renesas [8]
	17.453
	0.3707
	+2.4%
	+8.2%
	53.4

	DCB diagonal [image: image30.png]


  [11]
	17.320
	0.3654
	+1.6%
	+6.6%
	53.6


4
Conclusions

In this contribution we have presented system simulation results for DL MIMO enhancements. We have the following proposals:
Observation 1: Single beam double codebook from [10] does not provide gain over Release 10 4Tx codebook in Finite Buffer traffic model with 54% resource utilization.
Proposal 1: The 4Tx Rel-12 codebook should reuse the codebook structure from 8Tx codebook [9].

Proposal 2:  Consider down-sampled 8Tx double codebook (Alt.2 from [12]) as a baseline.

Proposal 3: Additionally consider including codebook entries employing different beams per polarization as proposed in [8]. 
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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)

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

	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 [4]

	Feedback
	PUSCH mode 3-2, Release 8 codebook

	IMR modeling
	Ideal

	Scheduler
	Time domain: proportional fair
Frequency domain: proportional fair

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

	Traffic model
	Full buffer with 10 UEs
FTP 1 with 2.5 user/s call arrival rate and 4 Mbit file size

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

	HARQ
	Maximum 4 retransmissions
Chase combining


