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1. Introduction

In RAN#57 meeting, the WI of further downlink MIMO enhancement for LTE-advanced was agreed [1]. The objectives are listed as follow:
The work item is based on the evaluations carried out in the DL MIMO enhancement study item and will fulfill the following objective: 

· 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 signaling. 
In this contribution, we analyze the reasons for diverse performance evaluation results of the study item based on the simulation results. Different assumptions on ratio of outdoor-indoor users, enhanced codebook structure and the compared baseline of enhanced codebook and their impacts on evaluation results are given and evaluated. 
2. Reasons for diverse performance evaluation results
In this section, based on the simulation results of different cases, we analyze the reasons for diverse performance evaluation results of the study item. The MU-MIMO performance of the enhanced codebook and the Rel-10 4Tx codebook is evaluated under scenarios A based on different feedback mode through system level simulation. No coordination for eICIC or CoMP among different transmission points (or cells) is considered. The simulation assumptions agreed in [2] are adopted and the detailed simulation parameters are given in the Annex. The detailed structures of Enhanced-1(two-stage codebook) and Enhanced-2 (one-stage codebook) codebooks are introduced in [3].
2.1. The ratio of outdoor-indoor users
Table 1 and Table 2 show the cell edge and average simulation results of Enhanced-2 codebook with PUSCH reporting mode 3-2 and Rel-10 4Tx codebook with PUSCH reporting mode 3-1 under the cross-polarized antenna configurations for scenario A with 100% outdoor and 80% indoor users, respectively. 
Table 1 Simulation results with 100% outdoor users
	Scenario
	Codebook and 
reporting mode
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

	
	
	bps/Hz/user
	gain
	bps/Hz/user
	gain
	bps/Hz
	gain

	A
	Rel-10/Mode3-1 
	0.0669 
	0% 
	0.1821 
	0% 
	2.0492 
	0% 

	
	Enhanced-2/Mode 3-2 
	0.0807 
	20.6% 
	0.2249 
	23.5% 
	2.4070 
	17.5% 


Table 2 Simulation results with 80% indoor users
	Scenario
	Codebook and
 reporting mode
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

	
	
	bps/Hz/user
	gain
	bps/Hz/user
	gain
	bps/Hz
	gain

	A
	Rel-10/Mode3-1 
	0.0634 
	0% 
	0.1744 
	0% 
	1.9993 
	0% 

	
	Enhanced-2/Mode 3-2 
	0.0769 
	21.3% 
	0.2127 
	22.0% 
	2.3204 
	16.1% 


From the simulation results, it can be observed that the absolute performance with 80% indoor users decrease slightly comparing with 100% outdoor users. The main reason is that indoor user will experience more signal penetration loss as well as more interference penetration loss; thus the overall SINR and system throughput still keep relative stable regardless of the ratio of outdoor-indoor users. 
Observation 1: The ratio of outdoor-indoor users is not the reason for diverse performance evaluation results in scenario A. 
2.2. Enhanced codebook structures
Enhanced-1(two-stage codebook) and Enhanced-2(one-stage codebook) are composed of same percoder. The only difference of two codebooks is the frequency domain feedback granularity. Enhanced-1 is a two-stage codebook, while Enhancd-2 is a one-stage codebook. With subband PMI reporting mode, the Enhanced-1 needs 4 bits to feedback wideband
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, and Enhanced-2 codebook needs 6N bits to feedback subband W, where N is the number of subband.
Table 3 gives the performance gain of Enhanced-1 and Enhanced-2 codebook over Rel-10 4Tx codebook with cross-polarized antenna configuration under scenario A. In the simulation, Enhanced-1 and Enhanced-2 codebook combining with enhanced PUSCH reporting mode 3-2, Rel-10 4Tx with PUSCH reporting mode 3-1, and 80% indoor users are assumed.
Table 3 performance gain of Enhanced-1 and Enhanced-2 codebooks
	Scenario
	Codebook and reporting mode
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

	
	
	bps/Hz/user
	gain
	bps/Hz/user
	gain
	bps/Hz
	gain

	A
	Rel-10/Mode3-1 
	0.0634 
	0% 
	0.1744 
	0% 
	1.9993 
	0% 

	
	Enhanced-1/Mode 3-2 
	0.0727
	14.8%
	0.1984
	13.8%
	2.1876
	9.4%

	
	Enhanced-2/Mode 3-2 
	0.0769 
	21.3% 
	0.2127 
	22.0% 
	2.3204 
	16.1% 


Based on the above results, the Enhanced-2 codebook can achieve larger performance gain than Enhanced-1 codebook, though both enhanced codebooks constructed by the same precoder. The difference of two enhanced codebooks is that, with the Enhanced-1 codebook, only one AoD of the dominant path can be chosen for one user, while more than one AoD can be selected with Enhanced-2 codebook. In order to further improve the performance of Enhanced-1 codebook, one feasible way is to increase the size of subband codebook, e.g. increasing from 2 bits to 4 bits which include more than one AoD. It can be inferred that the improved two-stage codebook can achieve the similar performance as Enhanced-2 codebook.
Observation 2: Different codebook structure and overhead will bring different performance gain.
2.3. Compared baseline
In downlink MIMO enhancement study item, a new CSI reporting mode PUSCH 3-2 providing sub-band CQI and sub-band PMI feedback is proposed. Both Rel-10 4Tx codebook with PUSCH 3-1and PUSCH 3-2 can be taken as compared baseline to evaluate the gain of enhanced codebooks. 
Table 4 and Table 5 show the performance gain of Enhanced-2 codebook with PUSCH 3-2 over two different compared baselines under the cross-polarized antenna configuration for scenario A with 80% indoor users.
Table 4 Performance comparison with different PUSCH reporting mode
	Scenario
	Codebook and 
reporting mode
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

	
	
	bps/Hz/user
	gain
	bps/Hz/user
	gain
	bps/Hz
	gain

	A
	Rel-10/Mode3-1 
	0.0634 
	0% 
	0.1744 
	0% 
	1.9993 
	0% 

	
	Enhanced-2/Mode 3-2 
	0.0769 
	21.3% 
	0.2127 
	22.0% 
	2.3204 
	16.1% 


Table 5 Performance comparison with same PUSCH reporting mode
	Scenario
	Codebook and
 reporting mode
	5% Cell edge UEs Spectrum Efficiency
	50% Cell edge UEs Spectrum Efficiency
	Average Spectrum Efficiency

	
	
	bps/Hz/user
	gain
	bps/Hz/user
	gain
	bps/Hz
	gain

	A
	Rel-10/Mode3-2 
	0.0697
	0% 
	0.1850 
	0% 
	2.1113
	0% 

	
	Enhanced-2/Mode 3-2 
	0.0769 
	10.3% 
	0.2127 
	15.0% 
	2.3204 
	9.9% 


Comparing the gain of Enhanced-2 codebook with the baselines of Rel-10 4Tx codebook with PUSCH 3-1 and PUSCH 3-2, the former baseline achieves greater performance gains than the latter one. With the enhancement of reporting mode as the baseline, the performance gain of enhanced codebook will be decreased; however, still more than 10% performance gain can be achieved for our proposed Enhanced-2 codebook.
Observation 3: With different compared baselines, the performance gain of enhanced codebook is diverse.
3. Conclusions
In this contribution, the reasons for diverse performance evaluation results of the study item are analyzed. From the simulation results, we have the following observations:
Observation 1: The ratio of outdoor-indoor users is not the reason for diverse performance evaluation results in scenario A.
Observation 2: Different codebook structure and overhead will bring different performance gain.
Observation 3: With different compared baselines, the performance gain of enhanced codebook is diverse. 
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5. Annex: Simulation assumptions
	Parameter
	Assumption

	Scenario
	Scenario A

	Deployment model
	Macro cell: Cross-polarized Macro-sites, Reuse the macro part of the baseline simulation case for scenario 4 in TR36.819 

	
	Hexagonal grid, 19 macro sites, 3 sectors/site

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	4

	Channel model
	ITU UMA channel with 80% indoor or 100% outdoor UEs

	Transmit power
	46dBm

	Number of Macro antennas 
	4

	Number of UE antennas
	2

	Number of UE per macro area
	10 UEs with uniform distribution

	Antenna configuration
	TX: 0.5 λ-spaced cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE

	Feedback type
	PUSCH reporting mode 3-1 or mode 3-2/PUSCH reporting mode 3-2
Rel-10 codebook/the enhanced codebook

	Feedback delay
	5 ms

	feedback interval
	10 ms

	Scheduler
	Proportional fair in time and frequency

	Maximum number of co-scheduled UEs
	2 UEs,with1 layer per UE

	Channel estimation
	Ideal

	Overhead
	3 OSs DL control/ 2 CRS ports/ 12 REs DM-RS per PRB
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