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1. Introduction

In RAN#57 the WID[1] of Further Downlink MIMO Enhancement has been agreed.  The objectives are given as follows:
· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-indoor UEs in Scenario A will be revisited.

· Evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

· Depending on the outcome of the above studies, specify the selected enhancement(s) together with any necessary supporting signalling. 

According to the plan, the first bullet point is the first objective to be treated in the WI.  In this contribution, we analyze the performance evaluation results and try to identify the reasons for diverse performance evaluation in the aspects of “Outdoor-Indoor modeling”, “UE receiver type”, “CSI Feedback mode”, “CSI-RS measurement error”, “CSI Feedback Interval and Delay” and “eNB implementation strategies”.  Moreover, some further evaluation is done to compare the results with different simulation assumptions. 
2. Reasons for diverse evaluation results in the SI
In the Rel-11 DL-MIMO SI phase, many companies studied the potential gain of feedback enhancement schemes for 4Tx in scenario A and C.  Unfortunately, no agreement on whether to specify CSI feedback enhancements was reached due to large variation on the gains presented by different companies.   In the email discussion on the WID, the different ratios of outdoor-indoor users in simulation have been explicitly pointed out as an important reason for diverse evaluation results.  We further study this simulation parameter in this section.  Also, we consider other aspects of the simulation parameters which may cause the divergence of evaluation results.

2.1 Ratio of Outdoor-Indoor UE and UE receiver type
It should be known that indoor users suffer from higher penetration loss so that received signal power of indoor users is weaker than that of outdoor users.  In general, different ratios of outdoor-indoor users may result in different distribution of user SINR.   Outdoor UEs often have higher SINR especially in non-interference limited scenarios.  This can potentially increase the chance of MU-MIMO and hence the gain of enhanced CSI feedback for MU-MIMO.  
Another aspect is the UE receiver type.   For MU-MIMO, received signal y consists of multiple parts as shown in the following equation [18]:
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There are three different types of UE receivers namely MMSE Option1, MMSE Option2 and MMSE-IRC as defined in [18].  Different receiver type treat differently to the interference terms  
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 .   Interference is a key factor of MU-MIMO gain.  Different receiver types can affect the MU-MIMO gain. 
In the evaluation of SI phase, different companies assumed different indoor UE ratios and different receiver types in their simulation[4-17].  Typical values for indoor-outdoor ratios used are 0% and 80%.  Here we evaluate the performance gain of feedback enhancement with different indoor-outdoor UE assumptions and different receiver types.   The feedback enhancement is based on the two-level enhanced codebook [17] using the structure similar to 8Tx codebook.  The detailed simulation assumptions can be found in the appendix.  Simulation results with different indoor-outdoor ratio and different types of receivers are shown in Table1 and Table2 below.
	MMSE Option-1
	Indoor-outdoor  ratio = 0
	Indoor-outdoor ratio = 0.8

	Codebook & feedback schemes
	Average spectral efficiency
	Cell edge spectral efficiency
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 Codebook
PUSCH 3-1
	2.194
	0.0488
	2.128
	0.0442

	4-bit WB PMI1, 3-bit SB PMI2, PUSCH 3-2
	2.298
	0.0541
	2.227
	0.0476

	Gain
	4.7%
	10.6%
	4.7%
	7.7%


Table1 Performance of MU-MIMO under XPOL and 0.5( antenna spacing in Scenario A, MMSE Option 1
	MMSE-IRC
	Indoor-outdoor ratio = 0
	Indoor-outdoor ratio = 0.8

	Codebook & feedback schemes
	Average spectral efficiency
	Cell edge spectral efficiency
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 Codebook
PUSCH 3-1
	2.334
	0.0526
	2.290
	0.0494

	4-bit WB PMI1, 3-bit SB PMI2, PUSCH 3-2
	2.468
	0.0580
	2.424
	0.0519

	Gain
	5.7%
	10.3%
	5.8%
	5.0%


Table2 Performance of MU-MIMO under XPOL and 0.5( antenna spacing in Scenario A, MMSE-IRC

It can be observed from the simulation results that the gain of codebook enhancement is reduced if more indoor users are distributed in the simulation in general.   Different degrees of impact can be seen for different types of receiver.  For IRC receiver, the cell edge performance gain is reduced from 10% to 5% when indoor-outdoor ratio is increased to 0.8.  The impact of more indoor UEs is less in the case of MMSE-option1.   Note that both signal and interference are reduced in indoor.  Hence SINR is not affected much whether it is outdoor or indoor if the UE is under the interference limited situation.   For IRC, it is less susceptible to interference than MMSE-option1.  Therefore, the reduction of received signal power in indoor scenario creates relatively more impact on the codebook enhancement gain.  

Another aspect is comparison between IRC and MMSE-Option 1 with fixed indoor-outdoor ratio.  In general, MU-MIMO performance is better with IRC.  The gain of codebook enhancement with IRC is higher on the cell average performance.

Observation 1:  The gain of codebook enhancement can be affected by both indoor-outdoor user ratio and receiver type.   Having more indoor users would reduce the gain.  The degree of reduction depends on the receiver type.
Based on this observation, it is important to use the same indoor-outdoor user ratio and receiver type.  We think 0.5 indoor-outdoor ratio is a good compromise in macro only deployment.  For heterogeneous network deployment, we can assume more indoor users.  For receiver type, we prefer to make MMSE-IRC receiver as mandatory case.
2.2 CSI-RS/DMRS measurement error
Channel estimation error for CSI feedback and demodulation are modeled differently.  Some companies have ideal channel estimation while some other used some error modeling.  Evaluation is performed to study the impact of error modeling on the gain of codebook enhancement.

	MMSE-IRC
	Realistic channel estimation (i.e. with error modeling)
	Ideal channel estimation

	Codebook 

(PUSCH 3-2)
	Average spectral efficiency
	Cell edge spectral efficiency
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 Codebook
	2.334
	0.0526
	2.485
	0.0672

	4-bit WB PMI1

3-bit SB PMI2
	2.468
	0.0580
	2.594
	0.0723

	Gain
	5.7%
	10.3%
	4.4%
	7.6%


Table3 Performance of MU-MIMO under XPOL and 0.5( antenna spacing in Scenario A, MMSE-IRC

From the results, it can be observed that the performance with ideal channel estimation is much better comparing with realistic channel estimation as expected.  However, the gain obtained from codebook enhancement is less when the channel estimation is ideal.  This can be explained by interference suppression capability of IRC receiver under different assumptions.  If the ideal IRC can suppress most of the interference, the need of more accurate transmit weight at transmit side (and hence CSI accuracy) is smaller.   The baseline of Rel-8 codebook is already high when ideal receiver is used.  So the room of performance improvement is less.
Observation 2:  CSI-RS/DMRS measurement error is another important factor on the gain of MU-MIMO CSI feedback enhancement. Ideal MMSE-IRC receiver can potentially reduce the gain of codebook enhancement.
Based on this observation, we suggest making channel estimation error modeling mandatory.  It is preferable to agree on the details of error modeling. e.g. the parameters in  the model: 
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.   We should also agree the CSI-RS configuration as much as possible e.g. CSI-RS with muting and periodicity fixed to 5ms.  
2.3 CSI Feedback Mode
MU-MIMO performance is sensitive to the CSI accuracy which depends on different domains i.e. spatial, time and frequency.  Different feedback modes have different granularity on frequency domain.  The gain of codebook enhancement can be bounded by the limitation of wideband PMI feedback in some feedback modes especially in frequency selective channel.  Different companies used different feedback modes in their simulations [4-17].  PUSCH 3-1 and 3-2 are the most commonly used feedback modes.  Between these two feedback modes, the codebook enhancement can be quite different.  It is preferable to make the feedback mode consistent to be PUSCH 3-2 when evaluation target is codebook enhancement. 
2.4 CSI feedback interval and delay
Besides frequency domain and spatial domain, time domain granularity/delay is another aspect which can affect the CSI accuracy. The effective CSI delay is the time difference between the subframe the CSI is used for scheduling/transmission and the time CSI is measured at the UE. The overall CSI delay used in evaluations was not consistent.  The overall CSI delay observed from the simulation parameters can vary from 6 to 16ms.  This difference can lead to diverse results as well.  Therefore, it is preferable to have consistent CSI feedback periodicity, UE and eNB processing delays.
2.5 Maximum number of MU layers
Most of the companies did the evaluation with the maximum total number of MU layers of two.  In a few cases,  up to four layers were simulated.   Because of the constraint of DMRS, orthogonal DMRS is only supported up to 2 MU layers.   If it exceeds this, only quasi-orthogonal DMRS can be used where the DMRS orthogonality can depend on scheduled bandwidth and the spatial separation of the precoders.  There is no agreed model on how to model the DMRS channel estimation error in this case.   We should either impose the restriction on number of MU layers to two or agree on a reasonable model in case of quasi-orthogonal DMRS. 
2.6 eNB implementation strategies for MU-MIMO 
The eNB implementation strategies on MCS assignment, scheduling and MU precoding can greatly impact the performance of MU-MIMO.   There is flexibility on algorithms like how OLLA is done, how MCS and precoder are determined based on SU CSI feedback, how MU pairing and scheduling is done.  However, it is hard for all companies to align all these implementation strategies.
3. Conclusions
 In this contribution, we analyze the possible reasons of diverse results in the SI phase.  Some performance evaluations were done to compare the gain obtained from codebook enhancement with different simulation assumptions.   Based on the results, we have the following two observations:

Observation 1:  The gain of codebook enhancement can be affected by both indoor-outdoor user ratio and receiver type.   Having more indoor users would reduce the gain.  The degree of reduction depends on the receiver type.

Observation 2:  CSI-RS/DMRS measurement error is another important factor on the gain of MU-MIMO CSI feedback enhancement.  Without proper error modeling, ideal MMSE-IRC receiver can potentially reduce the gain of codebook enhancement.

Based on the observations and analysis, we propose to align the simulation parameters in the aspects of indoor-outdoor ratio, receiver type, channel estimation error modeling, CSI feedback modes, CSI feedback interval/delay and maximum number of layers as much as possible.
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Appendix: 
Table A: Simulation assumptions and parameters
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	ITU UMa

	Antenna configuration
	MIMO 4x2

Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ separation for 3GPP Case 1

Receiver: 2Rx vertically polarized antenna at UE, 0.5λ separation 

	CQI/PMI reporting interval 
	5ms for CQI/PMI 

	Link adaptation 
	SU-CQI/PMI feedback, post-BF CQI calculated based on SU CQI with adjustment based on ACK/NACK

	MU Precoding
	SLNR

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE option1or MMSE-IRC

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal
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