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1. Introduction
In Rel-11, IMR (interferencce measurement resources)  was introduced to allow UE to do better interference measurements and to allow network to emulate different interference conditions for CSI feedback. Multiple CSI report based on different combinations of CSI-RS and IMR would allow network to make informed decision on TP selection for PDSCH transmission. Regarding how UE measures interference from IMR, RAN1 specification [1] does not dictates measurement interval for IMR and leaves it as UE implementation decision. 
“Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15…”

Several RAN1 contributions [2][3] discussed the option to restrict the UE CSI filtering in time and frequency domain.  This issue was further discussed in RAN Plenary #58 where it was decided that RAN4 evaluates the performances of different interference averaging strategy. In RAN4 #66, contributions from several companies provided simulation or analysis results indicating the benefit of interference averaging on UE in various network scenarios and expressed concern for unconditionally restricting UE averaging for CRS-based or IMR based interference measurement. Since most companies provided simulation results based on CRS interference measurement, RAN4 agreed on following for further discussion in RAN4 #66bis.  
· Companies are welcome to provide analysis and simulation results on the impact of interference averaging over IMR on TM10 performance (closed loop).
· Companies can mention the amount of channel averaging used for the simulations  
· Companies can describe the averaging behavior assumed in the simulation for UE and/or eNB
In this paper, we provide closed loop link level simulation results for TM10 with different averaging of interference measured over IMR.  Also, we provide our analysis on interference averaging issue in TM10 and propose signaling based solution. 
2. Simulation results for IMR-based Interference averaging
The benefit of interference averaging measured on IMR was evaluated by comparing closed loop TM10 PDSCH throughput with different interference averaging. In TM10, UE calculates CSI based on channel measurement on CSI-RS and interference measurement on IMR. Closed loop throughput performance was evaluated in both single cell and multi-cell scenario. In case of multi-cell scenario, 1 interference cell is explicitly modeled with 50% traffic loading. Geometry in multi-cell environment was calculated under fully loaded interfering cell assumption. Note that interference is measured per-RB in the frequency domain and averaging over multiple IMR instances is taken as configured in the simulation. 
Figure 1 and 2 show TM10 closed loop throughput performance in single cell and multi-cell scenario respectively. In single cell scenario with AWGN interference, benefit of interference averaging is relatively small and most gain from IMR averaging is achievable through 2 IMR averaging. However, in multi-cell scenario with explicitly modeled interference, we can observe significant performance improvement with interference averaging and we can expect further gain beyond 2 IMR averaging. When there is dominant interference cell with partial loading, interference signal shows higher variation in both frequency and time domain, which will cause occasional over estimation of CQI leading to higher BLER. Also, with dynamic traffic scheduling in interfering cell, there is high chance of mismatch between interference for CSI calculation and interference on PDSCH transmission. Interference averaging over multiple IMR instances would mitigate CSI variation and reduce interference mismatch in partially loaded interference cell scenario. 
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Figure 1. TM9 closed loop throughput in single cell scenario
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Figure 2. TM9 closed loop throughput in multi-cell scenario

3.  Discussion on IMR-based interference averaging

In TM10, UE is configured to report CSI feedback derived from channel measurement on CSI-RS and interference measurement on IMR. Since both CSI-RS and IMR are much sparser than CRS in both time and frequency domain, filtering seems desirable to minimize estimation error and variance. Especially in partially loaded interfering cell scenario, certain amount of filtering helps mitigate interference mismatch between CSI reporting and PDSCH transmission. 

However, in cases where tight interference coordination is implemented among TPs in CoMP cluster across large geographical area, UE CSI filtering may not be useful. Here, the interference is controlled by the network and it might be better for network scheduling if UE measures and reports CSI snapshot in each CSI report instead of averaged CSI. Network needs to know exactly what interference UE is observing per CSI report to make decision on TP scheduling. Filtering in these cases may prevent UE from providing network a true picture of the interference on each IMR instance. 
On the other hand, when tight TP coordination is not implemented or CoMP cluster size is relatively small, UE CSI filtering can be beneficial as already discussed in section 2. This can happen when TM10 is deployed in non-CoMP scenario or CoMP cluster size is small as in CoMP scenario 1. In these cases, UE can benefit from interference averaging measured on IMR. Thus, it can be concluded that interference averaging may or may not be beneficial depending on network deployment scenario and interference coordination level. 
Based on this observation, we propose to consider a solution based on network signaling so that network can specify interference filtering behavior of TM10 UE depending on network deployment scenario and interference coordination level. When averaging is disabled by RRC signaling, UE should measure and report CSI based on instantaneous interference measurement on IMR. Otherwise, UE is allowed to average interference to calculate stable CSI report under dynamic and unpredictable interference condition. 
Proposal: Introduce network signaling based solution to allow network to specify interference averaging behavior of TM10 UE desirable for specific network deployment scenario.
4. Conclusion
In this contribution, we provided simulation results for TM10 closed loop throughput. According to the simulation results, interference averaging measured on IMR could be beneficial especially when there is dominant interfering cell with dynamic traffic loading.  Furthermore, we also analyzed different TM10 deployment scenario and identified that interference averaging can be beneficial in certain scenario but might not in other case. Based on the above observations, we recommend taking the following proposal into consideration in RAN4 discussion.
Proposal: Introduce network signaling based solution to allow network to specify interference averaging behavior of TM10 UE desirable for specific network deployment scenario.
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Appendix

Link level simulation assumptions used for evaulation of IMR-based interference averaging
	Parameter
	values

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM9 rank 1

	Transmission mode in interfering cell
	TM9 rank 1 or 2

	antenna configuration
	2x2, low correlation

	Channel model 
	EVA 

	Doppler frequency
	5Hz

	Number of interfering cells
	0 / 1

	Network synchronization
	synchronous

	Geometry
	[-4:2:30] dB

	DIP values
	DIP1=-1.73dB

	CRS configuration
	non-colliding CRS

	Resource allocation
	50 PRBs

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

	HARQ
	8 HARQ processes and max 0 transmissions

	CFI
	3

	Number of CSI-RS ports
	2

	CSI-RS resource configuration
	4

	CSI-RS SF configuration
	0

	IMR resource configuration
	9

	IMR SF configuration
	0

	Tx EVM
	2%

	Noc at antenna port
	-98 dBm

	Cyclic prefix
	Normal

	Simulation length
	10000 SF

	Feedback mode
	PUSCH 3-1

	CQI feedback periodicity & delay for serving signal
	feedback periodicity: 5 msec; Feedback delay: 8 msec

	MCS selection
	WB feedback

	PMI selection
	WB feedback

	interference loading
	50%

	Network outer-loop
	None
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