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1. Introduction

CSI enhancements for DL MIMO were evaluated in the closing stage of Rel.10, where no enhancement was agreed due to lack of conclusion on the performance gains. The same set of schemes was evaluated again in the Rel.11 MIMO study item phase in homogeneous Scenario A and heterogeneous scenario C1/C2. A large divergence was observed in the evaluation results. RAN1 was subsequently tasked to [1] 

· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-to-indoor users in Scenario A will be revisited. 
There was no discussion on the reasons for large performance divergence although a host of contributions were submitted to RAN1#71. Nevertheless, RAN1 proceeded with a reformulated set of assumptions for another simulation campaign. In this contribution we provide our performance evaluation with the updated simulation assumptions. 
2. CSI enhancement schemes
The following enhancement schemes are evaluated in this contribution.
· Double-codebook. As there are a vast number of proposals, we selected one candidate design in [2] which is specifically tailored to the simulation setup (e.g. closely-spaced dual-polarized antenna).
· Enhanced 4Tx codebook, where Rel.11 codebook is augmented by codebook component using the block-diagonal grid-of-beam (BD-GoB) structure. In this paper we assumed BD-GoB design of [N, Nb] = [16, 2] with adjacent GoB overlapping.  Note that the augmented components are designed with the same framework of 8Tx. More details are given in a companion contribution [4].
· PUSCH mode 3-2, with subband CQI and subband PMI.
· Multi-rank PMI, where a rank-1 CQI/PMI is reported in addition to the rank-r PMI/CQI feedback, if r > 1.
· MU-CQI, derived under MU-MIMO hypothesis.

· Combined CSI enhancement, i.e. codebook enhancement and PUSCH mode 3-2.

It should be noted that some of these CSI schemes can be achieved in a standard-transparent manner by eNB implementation and therefore require no explicit standardization support, thanks to the newly introduced TM10. More details can be found in [4].
3. System Level Evaluation

All CSI schemes are evaluated assuming a single CSI-process, and are compared against the Rel.11 baseline with a single CSI-process. More details are given in the appendix. 
Unless otherwise specified, simulation details are made as compliant as possible with the Rel.11 specification (e.g. 4-bit CQI, spatial differential CQI quantization) in order to realistically assess the performance gain.
Full buffer results with (1) 80% indoor, 20% outdoor user distribution, as well as with (2) 100% outdoor user distribution are tabulated in Table 1-2. It can be found that the gain offered by any CSI enhancement scheme against the Rel.11 baseline is marginal (in the range of 0 - 3% in terms of cell average throughput and less than 5% in terms of cell-edge coverage). This is not surprising as it is well aligned with the observations during numerous evaluation campaigns in Rel.10 and Rel.11.
Note that the codebooks enhancement in Table 1-2 is designed with dual-polarized antenna configuration in mind. Hence it should represent a best-case scenario. Even in such scenario, however, the marginal gain does not seem to justify the additional efforts in specifying a new 4Tx codebook. 
In addition, the following should be found from the results.
Observations:

· The performance gain of any CSI enhancement scheme does not closely depend on the indoor/outdoor distribution ratio. Regardless of the user distribution, the gain of individual CSI enhancement scheme is consistently marginal. 
· The cumulative gain of multiple enhancement schemes is not significantly higher the gain of any single enhancement scheme. Hence, multiple enhancements show diminishing return over a single enhancement.

Table 1:  Full-buffer traffic results, 80% user indoor, 20% user outdoor
	User distribution
	CSI feedback scheme
	Cell average spectral efficiency (bps/Hz)
	5% spectral efficiency (bps/Hz)

	80% indoor, 20% outdoor
	Rel.11 baseline
	1.85 (0.0%)
	0.0509 (0.0%)

	
	Double codebook
	1.88 (1.6%)
	0.0520 (2.1%)

	
	Enhanced Rel.11 codebook
	1.89 (2.2%)
	0.0523 (2.8%)

	
	PUSCH mode 3-2
	1.85 (0.0%)
	0.0517 (1.5%)

	
	Multi-rank PMI 
	1.85 (0.0%)
	0.0509 (0.0%)

	
	MU-CQI 
	1.85 (0.0%)
	0.0508 (0.0%)

	
	Enhanced Rel.11 codebook + PUSCH mode 3-2
	1.90 (2.7%)
	0.0526 (3.3%)


Table 2:  Full-buffer traffic results, 100% user outdoor
	User distribution
	CSI feedback scheme
	Cell average spectral efficiency (bps/Hz)
	5% spectral efficiency (bps/Hz)

	100% outdoor
	Rel.11 baseline
	1.91 (0.0%)
	0.0564 (0.0%)

	
	Double codebook
	1.91 (1.7%)
	0.0581 (3.0%)

	
	Enhanced Rel.11 codebook
	1.95 (2.0%)
	0.0581 (3.0%)

	
	PUSCH mode 3-2
	1.91 (0.0%)
	0.0577 (2.3%)

	
	Multi-rank PMI 
	1.91 (0.1%)
	0.0570 (1.1%)

	
	MU-CQI 
	1.91 (0.0%)
	0.0571 (1.2%)

	
	Enhanced Rel.11 codebook + PUSCH mode 32
	1.96 (2.4%)
	0.0581 (3.0%)


4. Conclusions

In this contribution, we presented some preliminary system-level simulation results of DL MIMO enhancements. 
Observation and conclusion:

· The performance gains of CSI enhancement are overall marginal, e.g. in the range of 0-3% for cell-average throughput and < 5% for cell-edge coverage. 
· The cumulative gain of multiple enhancement schemes is not significantly higher the gain of any single enhancement scheme. Hence, multiple enhancements show diminishing return over a single enhancement.
· Based on such results, we still have not seen any sound justification for supporting any standardized CSI enhancement. A more competitive proposal remains to be seen. 
Appendix: simulation assumption

Table 3: Simulation assumptions

	Parameter
	Value

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

	Antenna configuration
	4 Tx x-pol at eNB
2 Rx x-pol at UE

	Antenna spacing
	0.5 wavelength

	Number of UEs per cell
	10 UE dropped per macro area for full buffer traffic

	Indoor / outdoor distribution
	80% indoor or 100% outdoor

	Channel model
	ITU urban macro

	Carrier frequency
	2.00 GHz

	MIMO scheme
	dynamic SU/MU switching

	MU-MIMO scheme
	Regularized zero-forcing beamforming

	Link adaptation 
	non-ideal

	Receiver
	MMSE-IRC

	Feedback
	PUSCH mode 3-1, 6 PRB CQI subband,
4-bit CQI quantization per TS 36.213

	Feedback periodicity
	5 ms

	Feedback delay 
	5 ms

	Feedback error
	Assumed ideal

	CSI-RS/DMRS channel estimation
	modelled

	Flash light effect
	modelled in all cells by explicit scheduling 

	Traffic model
	full buffer and FTP traffic model 1,    0.5MB packet size

	HARQ
	max 5 retransmission, chase combining


Simulation assumptions (after RAN1#71):

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 modelling 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 modelling 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
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