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1
Introduction
For evaluation of the single cell performance enhancement proposals, unified simulation assumptions play a critical role. In RAN1#71, further simulations assumptions have been agreed (listed in Appendix A) in order to perform CSI feedback evaluations for DL MIMO enhancements. In this contribution, we provide performance results according to the agreed assumptions. Several schemes are addressed, including double codebook enhancements, additional CQI/PMI feedback to support MU operation and finer feedback granularity.
2
DL MIMO enhancements
The Release 11 DL MIMO TR [6] enumerated several potential CSI feedback enhancements. Release 11 CoMP work also brought important advancements in terms of multi-point CSI feedback and more accurate interference estimation in the form of the IMR. In addition, RAN4 specified performance requirements for the IRC receiver. All these Release 11 enhancements have been captured in the newly agreed simulation methodology which should be used in Release 12 DL MIMO studies. It is thus important to follow the agreed simulation methodology and to consider those DL MIMO enhancements that make use of the newest specifications. 
Observation:

· It is important to follow the agreed simulation methodology and to consider DL MIMO enhancements which are relevant and make use of the newest specifications.

The typical MIMO enhancements discussed during previous releases cover the following feature categories: 

1. Enhanced feedback granularity of PMI/CQI (for example mode 3-2).

2. Precoding related enhancements, including codebooks and PMI/CB selection, 

3. CQI improvements, more specifically MU-CQI. 

All these have been quite intensely investigated during Release 10 WI with the most notable conclusions being that: 

1. Improving CQI, especially introducing MU-CQI, does not bring significant gains, mainly because the MU-MIMO interference variability and difficulty to predict the  CQI.  

2. In general, gains from new codebooks with increased granularity have been as well marginal.

Furthermore, if cumulating two features, the approach to follow is to look at feedback granularity together with PMI enhancements. In the following we evaluate the mode 3-2 and its combinations with double codebook and multi-rank feedback. The selected double codebook is of 4bits. The codebooks of larger size are not considered as with increased codebook size the complexity of PMI selection grows exponentially. In the light of considering increased feedback granularity, one should pay special attention to the UL overhead and increased codebook sizes, as the simple increase from 4 to 6 bits brings 50% overhead increase. The system simulation assumptions are listed in Appendix A and Appendix B.

Observation: 

· The cumulative gains from feedback PMI enhancements combined with increased granularity shall be studied.

Double codebook 

The simulated 4bit double structure codebook is the downscaled 8Tx Release 10 codebook. The exact structure of W1  and W2 of final codeword  W=W1W2  is explained below.

W1 design for 4-Tx

The long-term wideband part W1, has a block diagonal structure taking the form of
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where X is now in 4-Tx case a 2xNb matrix consisting of Nb 2-Tx DFT vectors. In this contribution we have chosen Nb=4 with four adjacent overlapping beams from group of N=32 beams. In this case one group of beams (one X) covers one eights of the sector and there are 16 codewords, where neighbouring codewords overlap with 2 beams. The diagonal matrix D is having the structure 
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which offers the trade-off between minimizing cross-polarization phase error and correct beam selection. Note that angles in the matrix 
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are equally spaced between 
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, which is cross-polarization phase quantization step in matrix W2
W2 design for 4-Tx
The short-term sub-band part W2 consist of beams selecting vertical vectors 
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 of length Nb=4, and QPSK-based co-phasing terms 
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. The per-rank codeword structure can be expressed as: 

rank 1:  
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rank 2:  
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[image: image10.wmf]}

,

1

{

j

-

-

=

a

 are permutation of W2 with 
[image: image11.wmf]}

,

1

{

j

=

a

due to rank2 
[image: image12.wmf]ú

û

ù

ê

ë

é

-

1

1

1

1

structure
This W1 and W2 structure preserves several desired properties of the codebooks: There is one codebook covering all scenarios, hence avoiding the need to specify multiple codebooks for different scenarios and the related signalling on which codebook the UE should use. The codewords have constant modulus using PSK-based alphabet to allow more efficient power utilization at the eNB and to avoid additional CQI mismatches due to the required normalizations done at the eNB side. The codebook preserves the nested property in order to aid the UE in rank computations. Signalling overhead is kept at Release 8 level (i.e. 4(3) bits per sub-band) and is hence well-known and proven to be low enough. 
Above presented double codebook is more suited for MU rank1 operation, because it improves the channel knowledge at the transmitter by providing effectively 8 bits of different codewords. On the other side, due to its structure, is has only 8 effective codewords instead of 16 in rank2. Therefore, its rank 2 SU-MIMO performance is expected to be lower than of Release 8 codebook, designed to fit the needs of urban cross-polarized scenarios. 
Multi-rank feedback 

The specification support for multiple CSI-processes brings an opportunity for a single cell enhancement called here as multi-rank feedback (MR abbreviated in results table below). A UE can be configured to report two CSI-processes, one with rank restricted to rank 1 and the other rank restricted to rank 2. With this configuration, the eNB has both rank1 and rank 2 feedback from the UE and thus it is able to make perfect rank override decisions as well as it may combine the PMI and CQIs for multiuser transmission between the ranks. For example, a UE may be scheduled in multiuser mode by using the rank 1 PMI and rank 2 stronger stream CQI, which resembles one multiuser CQI option.
PUSCH mode 3-1 vs 3-2

The feedback mode 3-2  means that both CQI and PMI are fed back per sub-band. Mode 3-2 has been proposed already in previous releases, but the lack of gains were not justifying the feedback load increase compared to mode 3-1, where only CQI is feedback per sub-band. Additional option is to increase the feedback granularity all together, however this would lead to even more feedback load increase, some flexible feedback granularity schemes could be thought of.  
3
System performance
In this section we present system performance using both finite and full 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 UEs in MU dimension were allowed. The baseline is Release 11 single rank feedback (R11 3-1 SR) that is one CSI process configured in the traditional way. In terms of enhancements we have investigated multi rank feedback (R11 3-1 SR), 4 bit double codebook with feedback mode 3-1 (DCB (4b) 3-1) and double codebook with feedback mode 3-2 (DCB (4b) 3-2).
The system performance results when using indoor-outdoor modelling is shown in Table 1 for finite buffer traffic and in Table 2 for full buffer traffic. Similarly, for outdoor modelling the results are shown in Tables 3 and 4. Multi rank feedback shows an increase in performance and this is natural as having both rank 1 and rank 2 feedback available at the eNB helps the scheduler in having better information when it schedules either single or multi user. Double codebook performance is influenced by the rank in which the codebook operates. We note that in dynamic traffic conditions there are large losses. This is explained by the fact that the codebook is designed more for multi user operation (hence also rank 1), while there is a lower multi user pairing probability and higher demand for rank2 transmission in finite buffer traffic. This is changing in full buffer where the utilization of multi user is increased to a larger extent. Adding feedback granularity in PMI domain does not seem to bring any further benefit in system performance, confirming the finding from previous releases. Similar trends are observed for outdoor modelling.
	Case
	Served traffic [bps/Hz/cell]
	Mean UE SE [bps/Hz/UE]
	Cell edge SE [bps/Hz/UE]
	RU

	Mean UE SE gain/loss
	Cell edge UE SE gain/loss

	R11 3-1 SR
	1.0033
	2.616
	0.6182
	40%
	0.0%
	0.0%

	R11 3-1 MR
	1.0034
	2.648
	0.6415
	40%
	+1.2%
	+3.8%

	DCB (4+4b) 3-1
	1.004
	1.6545
	0.3846
	53%
	-36.8%
	-37.8%

	DCB (4+4b) 3-2
	1.0044
	1.6669
	0.3885
	52%
	-36.3%
	-37.2%


Table 1: Performance results for indoor macro scenario with Dynamic Switching and finite buffer, call arrival rate 2.5, file size 0.5 Mbytes.
	Case
	Average SE [bps/Hz/cell]
	Cell edge  [bps/Hz/UE]
	Average SE gain/loss 
	Cell edge UE SE gain/loss 

	R11 3-1 SR
	2.452
	0.0592
	0.0%
	0.0%

	R11 3-1 MR
	2.611
	0.0596
	+6.5%
	+0.7%

	DCB (4+4b) 3-1
	2.503
	0.0672
	+2.1%
	+13.5%

	DCB (4+4b) 3-2
	2.491
	0.0682
	+1.6%
	+15.2%


Table 2: Performance results for indoor macro scenario with Dynamic Switching and full buffer traffic.
	Case
	Served traffic [bps/Hz/cell]
	Mean UE TP [bps/Hz/UE]
	Cell edge  [bps/Hz/UE]
	RU
	Mean UE SE gain/loss 
	Cell edge UE SE gain/loss 

	R11 3-1 SR
	0.9994
	3.084
	0.7983
	32%
	0.0%
	0.0%

	R11 3-1 MR
	0.9995
	3.1212
	0.8332
	32%
	+1.2%
	+4.4%

	DCB (4+4b) 3-1
	0.9976
	1.9084
	0.4574
	47%
	-38.1%
	-42.7%

	DCB (4+4b) 3-2
	0.9987
	1.9093
	0.4606
	47%
	-38.1%
	-42.3%


Table 3: Performance results for outdoor macro scenario with Dynamic Switching and finite buffer, call arrival rate 2.5, file size 0.5 Mbytes.
	Case
	Average SE [bps/Hz/cell]
	Cell edge  [bps/Hz/UE]
	Average SE gain/loss 
	Cell edge UE SE gain/loss 

	R11 3-1 SR
	2.4
	0.0531
	0.0%
	0.0%

	R11 3-1 MR
	2.53
	0.0529
	+5.4%
	-0.4%

	DCB (4+4b) 3-1
	2.423
	0.0612
	+1.0%
	+15.3%

	DCB (4+4b) 3-2
	2.411
	0.0619
	+0.5%
	+16.6%


Table 4: Performance results for outdoor macro scenario with Dynamic Switching and full buffer traffic.
4
Conclusions

In this contribution we have presented system simulation results for DL MIMO enhancements. We have considered the performance of double codebook, multi rank feedback and increased feedback granularity. Results were presented for both finite and full buffer traffic models and with both indoor-outdoor and outdoor only modelling. 
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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)

	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 [4]

	Feedback
	PUSCH mode 3-1, Release 8 codebook

	IMR modeling
	Ideal

	Scheduler
	TD-FD: PF-PF

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

	Traffic model
	Full buffer; finite buffer FTP 1

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

	HARQ
	Maximum 4 retransmissions
Chase combining
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