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1 
Introduction
In RAN1#71, proposals on limiting UE interference measurement has been made, [1][2]. In this paper, we evaluate the performance with and without interference averaging assuming no coordination between TPs (no CoMP case). 
2     Interference averaging modelling
We utilized the generic forgetting filter to illustrate the UE behavior on averaging the measured interference. (as the below formula). The measured interference results will be inputted to a forgetting filter with certain forgetting factor (FF). Based on whether it’s CRS or IMR based interference measurement, the smoothed effect can last for shorter or longer period. The below figure illustrate the difference of averaging effect for CRS or IMR based Interference measurement and averaging. (For simplicity, we assume perfect interference measurement accuracy at UE side for both CRS and IMR based interference measurement. )
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3 
Full buffer simulation results
	
	
	CRS based Interference measurement
	IMR based Interference measurement

	Full buffer results
	
	Averaged Interference
	Instant Interference
	Relative gap
	Averaged Interference
	Instant Interference
	Relative gap

	2Tx PMI based
	Cell edge TP
	636
	622
	-2.2%
	625
	615
	-1.6%

	
	Mean TP
	1816
	1815
	-0.1%
	1832
	1811
	-1.1%

	4Tx SVD based
	Cell edge TP
	1026
	927
	-9.6%
	1019
	943
	-7.5%

	
	Mean TP
	2431
	2376
	-2.3%
	2414
	2374
	-1.7%


Table-1. Numerical results of Full buffer simulation results 
It is observed that in 2Tx TM4, the performance gap between interference averaging or non-averaging is insignificant. That is due to constant interference and no strong beamforming effect on interference transmission. On the other hand, the performance gap becomes larger in case of 4Tx TM8 simulation due to the flash light effect of precoded interference. 
Observation -1: Interference averaging is helpful to fight against the flash light effect from beamformed interference. Around 10% cell edge performance gain can be found by doing interference averaging at UE side. 
4 Finite Buffer results

In order to reflect a fast changing interference status, we utilize small buffer size but with larger number of UE arrival rate (Buffer size = 300kb, UE arrival rate is 40 UE/cell/second). 
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Figure.2 CRS based interference measurement results in finite buffer results (different OLLA step size). In each dot block, left bar averaged Interference and right bar is instant interference 
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Figure.3 IMR based interference measurement results in finite buffer results (different OLLA step size), In each dot block, left bar averaged Interference and right bar is instant interference
Figure.2&3 show the system performance results of finite buffer traffic (assuming 4Tx TM8 EBB based ) under high load scenario (80% load), the following observations have been made: 

1. If OLLA is off, the interference averaging is very critical to the system performance, using instant interference averaging means 32% performance degradation. 

2. If OLLA is on, the performance gap is much lower, optimal OLLA offset is 0.3dB, where the cell edge performance degradation on high load from using instant interference is ~8%. 
3. CRS based interference measurement can result in more dense interference sampling, but no obvious performance difference comparing to IMR based interference measurement. But IMR based measurement is a little bit more sensitive to interference averaging. 
	RU ratio
	CRS based Interference measurement
	IMR based Interference measurement

	Buffersize=300k
	Averaged Interference
	Instant Interference
	Relative gap
	Averaged Interference
	Instant Interference
	Relative gap

	~40%
	12078
	12020
	-0.5%
	11721
	11852
	+1.1%

	
	4266
	4241
	-0.6%
	4061
	4087
	+0.6%

	~70%
	8208
	8223
	+0.2%
	8013
	8013
	0%

	
	2255
	2212
	-2.0%
	2224
	2118
	-4.8%


Table.2 TM4 PMI results
	RU ratio
	CRS based Interference measurement
	IMR based Interference measurement

	Buffersize=300k
	Averaged Interference
	Instant Interference
	Relative gap
	Averaged Interference
	Instant Interference
	Relative gap

	~40%
	12555
	12534
	-0.2%
	12414
	12425
	+0.1%

	
	5107
	5193
	+1.7%
	5263
	5205
	-1.1%

	~60%
	9716
	9703
	-0.1%
	9701
	9611
	-0.9%

	
	3194
	3124
	-2.2%
	3138
	3050
	-2.8%

	~80%
	6507
	6354
	-2.4%
	6399
	6307
	-1.4%

	
	1538
	1443
	-6.2%
	1549
	1424
	-8.1%


Table.3 TM8 EBB results

Table2&3 give the numerical results with different load, in low load, or median low, the different between interference averaging or non-averaging is insignificant(<3%). However, once the load is high, severe interference will make the interference measurement averaging very useful, the gap between non-averaging and averaging is visible. (up to 8%) 

Observation-4: Interference averaging or non-averaging doesn’t make big difference if the system load is low, interference averaging is helpful for cell edge performance when the system is in high load situation.
5 
Conclusion
In this contribution, we give our simulation results on interference averaging study, the following observations are made:
Full buffer:

Interference averaging is helpful to fight against the flash light effect from beamformed interference. Around 10% cell edge performance gain can be found by doing interference averaging at UE side. 
For finite buffer:

1. Even with optimized OLLA offset, instant interference reports are observed to cause the significant cell edge performance degradation (~8%) on high load. 

2. CRS based interference measurement can result in more dense interference sampling, but no obvious performance difference comparing to IMR based interference measurement. But IMR based measurement is a little bit more sensitive to interference averaging. 

3. Interference averaging or non-averaging doesn’t make big difference if the system load is low, interference averaging is helpful for cell edge performance when the system is in high load situation. 

And based on the provided simulation results and related observation we propose:

Proposal: Do not change the UE behavior from Rel. 8-10 that allows averaging interference estimates in time for Rel. 11.
Appendix: simulation parameters

	BandWidth
	10MHz
	Arrival Rate(finite)
	40,30,20 per cell

	Traffic type
	full/finite buffer
	FDPS Scheduler
	PF

	Buffer Size(finite)
	300 Kb
	OLLA StepUp
	OFF;  0.1~0.9dB

	Simulation Scenario
	3GPP Case 1
	Forgetting Factor
	0.7

	MIMO Mode
	TM4,TM8
	Measurement Period 
	1ms (CRS based) 5ms (IMR based)

	Feedback Configuration
	10ms periodicity; 5ms latency; Subband PMI/CQI
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