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1. Introduction
In this contribution we aim to investigate the IMR-averaging issue though system-level simulations. In TM10 IMR was introduced so that eNB has good control to let UE report a CQI reflecting the real interference condition expected by eNB. With the aid of multiple TM-10 based CQI feedback, eNB can select a proper CoMP-operation technique for PDSCH transmission. However, compared to CRS-based interference estimation, TM10-based interference estimation for CSI feedback relies on only IMRs whose density is much less than CRS. In addition to the concern of IMR density, another concern is that robust interference estimation may not be available based on the IMRs only within a single PRB and a subframe, because the spatial characteristic of interference may change during scheduling delay. Thus it is being debated in RAN4 that if the UE should average the measurement results observed across subframes. In our companion paper [1] we examine the IMR-averaging issue by link-level simulation under the assumption of a single interfering TP. This contribution further investigates this issue by system-level simulation to further take the impact of scheduling decisions of neighboring cells into account.
2. Modeling methods for covariance matrix measurement on IMRs
In system level simulation, measurement error on IMRs can be modeled by explicitly computing the covariance matrix on all IMRs and then averaging the measured matrices according to the assumed actual receiver processing on IMRs. To describe the method more precisely, we denote y(k) the received signal vector on the k-th CSI-IM RE and formulate it as
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where N  is the number of interfering cells. In the PRB with CSI-IM REs allocated, a simple algorithm to estimate interference covariance matrix R is
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One may model 
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 by OCNG to further simplify simulation. 

It had been proposed in [2] that for DMRS-based covariance matrix estimation, the distribution of the measured covariance matrix can be approximated by a complex Wishart distribution. This method can be also used for IMR error modeling. These two modeling methods were compared in [3], and there is only slight difference between them. 
3. Simulation results with IMR averaging
We consider PUSCH mode 3-1 and allow rank-adaptation in our simulation.  Table 1 and 2 show our simulation results to examine the effect of IMR measurement averaging on the system performance. We also include in the table results using genie/ideal instantaneous covariance matrix which is obtained by averaging all genie interference covariance on all REs in 1 or 6 PRB within one or two IMR intervals/subframes depending on the simulation setting. Note that there is still scheduling delay which can always cause mismatch between reported CQI and the actual sustainable link quality at the subframe of transmission. Detailed simulation parameters are listed in Appendix.      
	Reporting mode
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Genie
	bps/Hz/user
	Genie

	(1 subframe, 1 PRB)
	1.965 (-)
	2.056
	0.0330 (-) 
	0.0378

	(1 subframe, 6PRBs)
	2.042 (+3.9%)
	2.068
	0.0389 (+17.9%)
	0.0413

	(2 subframes, 1 PRB)
	2.072 (+5.4%)
	2.114
	0.0394 (+19.3%)
	0.0450

	(2 subframes, 6PRBs)
	2.105 (+7.1%)
	2.118
	0.0437 (+32.4%)
	0.0440


Table 1 Averaging effect on system performance (OLLA=OFF)

	Reporting mode
	Average Spectrum Efficiency
	5% Cell-edge Spectrum Efficiency

	
	bps/Hz/user
	Genie
	bps/Hz/user
	Genie

	(1 subframe, 1 PRB)
	1.852 (-)
	1.918
	0.0499 (-)
	0.0456

	(1 subframe, 6PRBs)
	1.873 (+1.1%)
	1.923
	0.0437 (-12.4%)
	0.0448

	(2 subframes, 1 PRB)
	1.967 (+6.2%)
	2.012
	0.0479 (-4.0%)
	0.0461

	(2 subframes, 6PRBs)
	1.990 (+7.4%)
	2.016
	0.0465 (-6.8%)
	0.0465


Table 2 Averaging effect on system performance (OLLA=ON)
Observations:

· When OLLA is turned off, averaging over the measurement on CSI-IM REs cross PRBs improves the average SE by 3.9% (6 PRB versus 1 PRB). Averaging over one subband and also over two CSI-IM intervals further improves average SE by 7.1%, and more significantly improves cell-edge SE by 32.4%.  From the genie cell-edge results, we noticed that it is not always better results with more averaging. This is because of CQI mismatch due to scheduling delay. Therefore, there is a tradeoff or balance between more averaging for smaller measurement error and less averaging for fast CQI tracking to reduce mismatch error. 
· When OLLA is on, averaging the measurement over subframes still provides similar gain on average SE (e.g., 7.4% with 2 subframe 6PRBS averaging versus no averaging), even though OLLA can compensate for estimation error, as well as mismatch. Compared to the case with OLLA off where both cell average and cell edge SE improve with averaging, cell-edge SE seems to be better off without averaging when OLLA is on, but cell average SE is the worst. A possible reason is that OLLA, which can be deemed as eNB-side smoothing, is more helpful than UE-side averaging to cell-edge users. At low SINRs, still limited averaging may not reduce the estimation error enough to see a gain, but instead makes the MCS selection more conservative with both UE and eNB compensate/average. But for users with better geometries, UE averaging still helps even with OLLA. Note that there is still a gain for cell-edge users compared 2- and 1-subframe averaging in the case of genie covariance matrix. In other words, without any estimation error, more stable covariance matrix still helps even for cell-edge users. 
· In summary, there is no evidence to show that no-averaging is better averaging even when OLLA is on. On the contrary, a reasonable amount of averaging always gives better performs with OLLA off for sure, and for most of users even with OLLA on. It seems proper to let UE decide on IMR-averaging implementation.  
The above observations were also verified in link level simulation in our companion paper [1]. In the above results we do not simulate DPS/DPB which can make the interference more dynamic. We investigated in [1] the extreme case of interfering transmission point ON/OFF in alternating IMR instances. Of course, any across-subframe averaging will hurt the performance in that case. However, it is not a typical case and eNB can avoid that by a more reasonable configuration. Our view is that it is important for eNB to not make a UE to experience drastically different interference conditions from one IMR instance to the next in a single CSI process. It is not good to mandate no averaging just for supporting the extreme case of DPB, because it is possible for eNB to use different IMR configuration in different CSI processes to get CQI reports for drastically different interference conditions. In fact, allowing some averaging is always helpful in most scenarios. There is no need to change the current CQI definition or UE behavior which currently does require the CQI to represent the quality for CQI reference resource at a particular sub-band and a particular SF, even though the UE is allowed to use an unrestricted observation window.
Based on our observations, we have the following proposal:
Proposal:

It is not recommended to restrict UE’s behavior to perform IMR-averaging which is found helpful in most scenarios. System should also avoid creating dramatic change on the interference conditions from one IMR instance to the next in a single CSI process, but rather use multiple CSI processes to deal with those cases.  
4. Conclusion 

In this contribution, we present the system-level simulation results to examine the effectiveness of IMR-averaging. 
We observe:

· There is no evidence to show that no-averaging is better than averaging when OLLA is on. On the contrary, a reasonable amount of averaging always gives better performs with OLLA off for sure, and for most of users even with OLLA on. It seems proper to let UE decide on IMR-averaging implementation.  
Proposal: It is not recommended to restrict UE’s behavior to perform IMR-averaging which is found helpful in most scenarios. System should also avoid creating dramatic change on the interference conditions from one IMR instance to the next in a single CSI process, but rather use multiple CSI processes to deal with those cases.   
Appendix

	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	eNB: X-pol with 0.5 wavelength spacing; 4 Tx antennas
UE: X-pol; 2 Rx antennas

	Deployment scenario
	Homogeneous network with ITU UMa

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

	Traffic model
	Full buffer

	UE moving speed
	3 km/h

	MIMO scheme
	SU-MIMO with rank adaptation; maximum rank = 2 

	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

	DM-RS channel estimation
	Non-ideal 

	UE receiver assumption
	MMSE-IRC with non-ideal covariance matrix modeled by Wishart distribution[2]

	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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