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1 Introduction
The current RAN1 specifications leave UE the freedom of how to perform interference measurement based on the CSI-IMR. Recently some companies pointed out that it is problematic in practice for good cooperation between eNB and UE [1][2][3]. Simulation results show that in large time domain interference variance scenarios, pretty good percentage of throughput gain is achievable by restricting the UE interference averaging length. In this contribution, we further discuss the impact of interference averaging in time domain for CSI-IM.   
2 Discussion
In our previous contribution [4], the throughput performance with different UE interference averaging length under the scenario of full buffer traffic model is evaluated. From the simulation results, it is observed that longer averaging length is beneficial in median to high SNR range in all the evaluated cases, and longer averaging length achieves more benefit in low antenna correlation than in high correlation scenarios. So it could be conducted that restricting the UE interference averaging length to one subframe will result in performance loss and the loss is quite large in some scenarios.
There is an opposite point of view that UE behavior for interference averaging in CSI feedback should be restricted to one subframe and one subband. Interference averaging in time domain may bring some gain, but instead of performing such average operation at UE side, network could apply similar techniques by using UE reported CSI and some historical or extra information to achieve average benefit. One typical technique is outer loop link adaptation (OLLA). Network uses OLLA algorithm to offset UE reported CQI with the received ACK/NACK information, and to control the BLER target of UE first transmission, and then achieve a better throughput performance.
Network may perform average operation over UE reported CQI, however, it is difficult to do similar operations to RI and PMI since they are determined by the direction of the desired signal, as well as the directions of interfering signals, which are not obtained at network side. If the received RI and PMI change a lot at every reporting time under full buffer traffic model, it will be hard for network to decide how to average and may lead to benefit loss. The benefit loss due to the lack of original information could be compensated at UE side by averaging the interference in time domain and  reporting the stable RI and PMI.
Here we evaluate the variation of UE reported RI and PMI under full buffer scenario at different SINR values. For RI and PMI measurement, the interference averaging is restricted to one subframe in time domain. The detailed simulation assumption is listed in Annex A. Figure 1 shows the histogram of the variance of rank/PMI adaptation for different SINRs, where “0” indicates there is no change between last reported rank/PMI and current measured value, while “1” means they are changed. The scatter diagrams of reported RI and PMI are also attached in Annex B, in which the precoding indices 0-15 are for rank1 and the indices 16-31 are for rank2.
From the simulation results, we can make the following observations:
· For RI reporting, a burst change between UE reported rank 1 and rank 2 can be observed at around 8%-16% of the total reported RI for different SINRs.

· For PMI reporting, more than 30% of the total reported PMI changed between last reported value and current measured value in all evaluated cases, which indicates a high frequency change of UE reported PMI. 
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Figure 1：Histograms of the variance of rank/PMI adaptation
The above observations suggest that restricting the UE interference averaging length to one subframe might result in a large variation of UE reported RI/PMI, which is difficult to compensate at network side. From our previous evaluation in [4], longer averaging length at UE side is beneficial to full buffer traffic model. On the other hand, if eNB coordinates with other eNBs to predict interference variation, then it could help UE to determine averaging length in time domain, e.g., a longer averaging length in full-buffer traffic model which capturing continuous traffic and a shorter or no averaging in time domain for non-full buffer FTP traffic model with time-varying interference. So to be able to benefit for most of the scenarios and leave eNB with some scheduling freedom, it is desirable that UE could have several different averaging lengths. We thus prefer the proposal to inform UE the measurement interval through RRC signalling.
Proposal: Informing UE the interference measurement interval through RRC signalling should be the preferred approach.
3 Conclusions
We made the following summary:
Proposal: Informing UE the interference measurement interval through RRC signalling should be the preferred approach.
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Annex
A: Simulation assumptions


	Parameter
	Unit
	TP 1
	TP 2

	System bandwidth
	MHz
	10 

	PDSCH transmission mode
	
	TM10
	TM10 OCNG

	Downlink power allocation
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	dB
	-6
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	dB
	0

	
	Pc for NZP CSI-RS[X]
	dB
	-3

	Propagation condition and antenna configuration
	
	TP1 EVA5
Low
	TP2 EVA5 

High

	SINR
	dB
	10,12,14,16
	N/A

	DIP for TP2
	dB
	N/A
	-1.73

	Maximum number of HARQ transmission
	
	4

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	Subframes for demodulation
	
	All subframes scheduled for demodulation except subframe #0 and #5 

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1

	Cell Id
	
	0
	1

	NZP CSI-RS periodicity and subframe offset TCSI-RS / ICSI-RS
	
	5 / 2
	N/A

	NZP CSI reference signal configuration
	
	0
	N/A

	CSI-IM configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap
	
	2 /

0001000000000000
	2 /

1000000000000000

	Reporting mode for CSI process 
	
	PUCCH 1-1
	N/A

	CSI reference signals
	
	Antenna ports 15,16,17,18
	Antenna ports 15,16,17,18
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at antenna port
	dBm/15kHz
	-98
	-98

	Symbols for unused PRBs and interference cell
	
	OCNG
	OCNG

	Number of allocated resource blocks 
	PRB
	50  

	Rank adaptation
	
	YES
	Rank1

	PMI adaptation
	
	YES
	Random PMI

	CQI adaptation
	
	YES
	QPSK(OCNG)


Annex
B: The scatter diagrams
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Figure 2：The scatter diagrams of reported RI and PMI (SINR=10dB)
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Figure 3：The scatter diagrams of reported RI and PMI (SINR=12dB)
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Figure 4：The scatter diagrams of reported RI and PMI (SINR=14dB)
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Figure 5：The scatter diagrams of reported RI and PMI (SINR=16dB)
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