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1. Introduction
At the email discussion chain [71-12] of RAN1#71, evaluation assumptions for DL MIMO enhancement in Rel-12 were agreed. To achieve the objective of DL-MIMO enhancement, many possible solutions had been proposed, mainly including:
· Finer granularity for PMI
· Additional feedback to support MU-MIMO mode
· Codebook structure enhancement
This contribution provides our view on the methods for DL MIMO enhancement and the corresponding simulation results based on the agreed assumptions. Our focus is system throughput gain improved by enhancing the accuracy of CSI feedback, for both SU-MIMO and MU-MIMO.
2. Simulation assumptions
The parameters used in our simulation are listed in Appendix. Here we provide some more details to clarify the assumptions used for interference measuring and scheduling. 
· Interference modeling for CSI reporting and post-processing SINR computation:
When evaluating the CSI for feedback, we assume the precoders of neighboring TPs are “omni-directional”, i.e., all PMI are used with equal probability. Note that this is like a synthesized interference. Interference measurement on IMR may not be able to represent this kind of omni-directional interference.  The CSI feedback is used for both SU/MU scheduling and MCS determination.
For the computation of post-processing SINR for link performance modeling, realistic interference is modeled by considering the actual precoding and scheduling at other TPs.     
· SU/MU switching:
SU/MU switching is allowed for every subframe. We assume MU-CQI is available while the effect of scheduling delay and feedback periodicity is modeled following the agreed guideline. For the MU case, zero-forcing precoder derived from SU-PMI feedback is applied according to the algorithm in [1], and eNB performs exhaustive search to find the best user-pair.  
· Receiver type:
MMSE-IRC receiver [2,3] is adopted in our simulation. The measuring error of the interference covariance matrix is modeled by Wishart distribution with 12 degree of freedom for DMRS-based interference covariance estimation. For the MU case, the inter-user interference is counted for this IRC error modeling. 
· Channel estimation:
We follow the modeling method described in [4]. 
3. Simulation results   
PUSCH 3-2 versus 3-1
It was agreed that both the scenario with 100% outdoor users and the scenario with 80% indoor users should be evaluated in order to reflect the improvement in environments closer to reality. Many companies had proposed mode 3-2 to provide finer granularity along the frequency-domain for PMI reporting. Table 1 and Table 2 show the cell edge and average simulation results with PUSCH reporting mode 3-1 and with PUSCH reporting mode 3-2 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
	Reporting mode
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Gain
	bps/Hz/user
	Gain

	SU Mode3-1
	1.79
	-
	0.060
	-

	SU Mode3-2
	1.86
	3.9%
	0.061
	1.67%

	SU/MU Mode3-1
	1.78
	-0.5%
	0.051
	-15%

	SU/MU Mode3-2
	1.888
	5.5%
	0.0535
	-10.8%


Table 2 Simulation results with 80% indoor users
	Reporting mode
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Gain
	bps/Hz/user
	Gain

	SU Mode3-1
	1.76
	-
	0.063
	-

	SU Mode3-2
	1.84
	4.5%
	0.065
	3.2%

	SU/MU Mode3-1
	1.752
	-0.4%
	0.050
	-20%

	SU/MU Mode3-2
	1.86
	5.7%
	0.054
	-14%


Observations:

· Mode 3-2 provides finer granularity for PMI feedback than mode 3-1 and leads to 3~5% average throughput gain.   
· MU-MIMO also benefits more from finer granularity of PMI than SU-MIMO. 
 Sensitivity of CQI
Here we examine the impact of the interference mismatch, due to the variation of precoders selected by neighboring TPs between the subframe on which CQI is derived and the later subframe when such CQI is used. Here we simplify the simulation by consider SU-MIMO with mode 3-1 CSI feedback while the other parameters are the same as those listed in Appendix.

Scheduler performs UE-selection and determines the MCS for data transmission according to CQI feedback derived from post-processing SNR evaluated by UE. To facilitate the following discussion, we define two types of SNR used for scheduling under different assumptions: 

(1) SNR0: the post-processing SINR assuming that all channels are perfectly known. Realistic scheduling and precoding at neighboring TPs is considered. This is like the perfect SINR at an IMR instance. But this information is delayed when used by the scheduler.
(2) SNRomni: the post-processing SINR assuming:

a) the desired-signal channel is perfectly known;

b) interference channels are perfectly known with a “synthesized” “omni-directional beamforming” applied at all other neighboring TPs.

Even though SNR0 can estimate the CQI more accurately under known interference, it may not be robust when the interference changes, which will happen with CQI feedback delay during which period the interference precoding in the same cell (for MU) or neighboring cells changes. So SNRomni, derived under an omni-directional assumption on precoders of neighboring TPs is to mimic the time-averaging behavior of interference measurement, instead of using a particular observation on interference precoders in a particular subframe (i.e., IMR) to derive CSI feedback for future use.       
IRC UE feeds back CQI derived from either SNR0 or SNRomni. We denote these CQI values CQI{SNR0} and CQI{SNRomni}.  

At the receiver-side for demodulation performance modeling, MMSE-IRC receiver is considered assuming all channels are perfectly known (i.e., same assumption as that for SNR​0) 

In Table 3, we consider two cases where feedback delay is not modeled, in order to isolate the impact of channel variation. Table 4 shows the results when feedback delay and scheduling delay are further considered.
Table 3 SU-MIMO performance under two types of CQI feedback (no feedback delay) 
	Scenarios
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Gain
	bps/Hz/user
	Gain

	Scn-A: UE-selection and MCS-determination based on CQI{SNR0}
	2.04
	Baseline
	0.073
	baseline

	Scn-B: UE-selection and MCS-determination based on CQI{SNRomni}
	1.82
	-10.8%
	0.0624
	-14.5%


Table 4 SU-MIMO performance under two types of CQI feedback (with feedback delay) 
	Scenarios
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Gain
	bps/Hz/user
	Gain

	Scn-C: UE-selection and MCS-determination based on delayed CQI{SNR0}
	1.66
	Baseline
	0.061
	Baseline

	Scn-D: UE-selection and MCS-determination based on delayed CQI{SNRomni}
	1.79
	7.2%
	0.06
	-1.6%


Observations:

· Accurate CQI (Scn-A), when CQI is derived at the “correct” interference condition is important.
· Compared to mismatched CQI (Scn-B), but arguably robust CQI (with omni-directional interference assumption), the performance under omni-directional precoder assumption does not degrade the throughput too much.   

· With feedback delay when the chance of interference mismatch increases as in Scn-C, performance degrades significantly (~20%) while using the CQI derived under omni-directional interference seems to give more robust performance. 
Proposal: 

· Study further on the interference measurement on IMR so that IRC receiver can better reflect its true performance under various SU and MU interference conditions.  

4. Conclusion 
In this contribution we provide our simulation results for the CSI feedback enhancement in Rel-12. Based on these results, we have the following observations:
· Mode 3-2 provides finer granularity for PMI feedback than mode 3-1 and leads to 3~5% average throughput gain.   

· MU-MIMO also benefits more from finer granularity of PMI than SU-MIMO. 
· It is important to derive CQI based on the “correct” interference condition. Compared to mismatched CQI (Scn-B), the performance under omni-directional precoder assumption does not degrade the throughput too much.
Thus we have the following proposal:
· Study further on the interference measurement on IMR so that IRC receiver can better reflect its true performance under various SU and MU interference conditions.
Appendix

	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	eNB: ULA with 0.5 wavelength spacing; 4 Tx antennas
UE: ULA with 0.5 wavelength spacing; 2 Rx antennas

	Deployment scenario
	Homogeneous network with ITU UMa

	Number of UEs and distribution
	Scenario A: 10 UEs per cell, 100% outdoor 
Scenario A’: 10 UEs per cell, 20% outdoor 

	Traffic model
	Full buffer

	UE moving speed
	3 km/h

	MIMO scheme
	Maximum rank 2 for SU-MIMO and rank 1 for MU-MIMO;

2 layers for MU-MIMO 

	Scheduling algorithm
	Proportional fair

	Control delay (scheduling, AMC)
	5 ms

	HARQ 
	IR

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)
64QAM (R = 3/5 - 4/5)

	CQI/PMI feedback interval
	5 ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

PUSCH Mode 3-2: Subband PMI, subband CQI

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Non-ideal

	UE receiver assumption
	MMSE-IRC with non-ideal covariance matrix modeled by Wishart distribution

	Overhead of RS and PDCCH
Transport block size 
	PDCCH (3 symbols per subframe)
DM-RS (12 REs per PRB)
CSI-RS (4 REs per RB per 10 ms for 4 antenna ports);

Use transport block sizes defined in 36.213

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling at other TPs
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