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1 Introduction

In RAN1 specification CQI report is calculated for CSI reference resource based on unrestricted observation intervals in time and frequency. This implies that UE is free to perform any interference averaging in time and frequency. In this contribution we discuss the need to define some restrictions to such assumptions in RAN4 specifications to address the potential performance issues.
2 Discussion

In Rel-11 CSI-IM resource was introduced to solve the issue of unspecified interference measurements for CSI. The remaining problem that was not addressed during Rel-11 timeframe is observation intervals in time and frequency for interference measurements (more generally for CQI calculation). As can be seen from [1], with current RAN1 specification, UE is allowed to perform averaging across any CSI-IM resources for CQI feedback, unless RAN4 requirements are met:
“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…”

Related to interference averaging in the frequency domain for CQI, current RAN4 specification already avoids UE implementations with excessive interference averaging in the frequency domain. Such restriction is helpful when frequency domain interference coordination schemes (such as ICIC) are employed, where network would need to get some insights in the frequency domain interference power distribution. However the requirement is only applicable for CSI reporting with sub-band CQI, where frequency granularity of CQI reports provides a means for eNB to track the interference variations.

A similarly restrictions would need to be considered for interference averaging in the time domain. However, similarly to sub-band CQI reporting, the relation between CQI reporting periodicity (time domain granularity) and interference statistics in time should be considered. Limiting, for example, interference measurements to the last available CSI-IM resource as proposed in [2] is not desirable for all cases as explained in the following.

The issue is clearly illustrated in Figure 1, where interference power “coherence” time substantially less than periodicity of CQI reports. In that case restricting interference measurements to one CSI-IM subframe would lead to highly inaccurate CQI report for link adaptation at the eNB. 
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Figure 1: Interference measurements with high interference variation comparing to periodicity of CQI reports
The situation in Figure 1 is highly possible for periodic CSI reporting, where periodicity of CQI may be on the order of hundred msec. In this case relying on CQI with more aggressive interference averaging than one CSI-IM subframe would lead to “stable” interference estimate more accurately representing interference conditions for the next long series of frames. Keeping in mind that eNB might also employ filtering for the reported CQI to better adapt the transmissions to average interference condition; the interference observation interval for this scenario can be restricted to CSI-IM subframes that fall between two consecutive CSI reports.
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Figure 2: Interference measurements with low interference variation comparing to periodicity of CQI reports
For alternative scenario, with longer interference “coherence” time than periodicity of CSI feedback, CQI reports may track interference variations in time, therefore providing eNB a means to more quickly adapt to changing interference conditions. However even in this case interference observation interval can be restricted to several CSI-IM subframes residing between two consecutive CQI reports, though the actual difference with interference measurements on the last CSI-IM subframe might be less pronounced. Therefore if small reporting periodicities are concerned the performance requirement would need to make sure that UE does not excessively average interference in the time domain.
3 Simulation results

In order to assess the performance impact of different interference averaging assumptions system level simulations were carried out for a heterogeneous deployment scenario without CoMP. Non-full buffer traffic model with different cell loads were considered. In simulation the UEs performed interference averaging over set of CSI-IM subframes for two CSI reporting periodicities of 5 and 100 msec. The averaging of the channel in the time was not used. Further simulations assumptions are provided in the appendix. 

Table 1 shows the performance impact of using different time domain averaging windows and periodicities of CSI reporting. It is assumed that eNB doesn’t employ filtering of the reported CQIs.
Table 1: Performance of CSI with different interference averaging assumptions
	
	5 ms CSI reporting periodicity
	100 ms CSI reporting periodicity

	
	Offered load 24, Mbps
	Offered load, 31 Mbps
	Offered load, 24 Mbps
	Offered load, 31 Mbps

	Interference averaging window
	Avg. user throughput, Mbps
	Cell edge throughput, Mbps
	Avg. user throughput, Mbps
	Cell edge throughput, Mbps
	Avg. user throughput, Mbps
	Cell edge throughput, Mbps
	Avg. user throughput, Mbps
	Cell edge throughput, Mbps

	10 ms
	31.25
	9.47
	23.86
	4.70
	21.40
	2.85
	15.25
	1.29

	25 ms
	30.97
	9.36
	23.81
	4.74
	21.53
	2.96
	15.39
	1.31

	50 ms
	30.14
	8.71
	22.98
	4.33
	21.53
	2.97
	15.46
	1.32

	100 ms
	29.40
	8.14
	22.31
	4.01
	21.83
	3.15
	15.73
	1.39


It can be seen that for long CSI periodicities more excessive interference averaging is preferable, while for more frequent CSI reporting interference averaging should be restricted. Hence we have the following observation: 
Observation:
· The optimal value of interference averaging window (observation interval) depends on CSI reporting periodicity and interference statistics.
Since the potential performance loss due to inaccurate selection of the averaging window can be significant the following proposal can be made:
Proposal:
· Consider defining CSI performance requirements to avoid UE implementation with observation interval substantially different than periodicity of CQI reporting. 
4 Summary

In this contribution we have discussed the issue of interference averaging in the time domain. It has been observed that interference averaging window is highly related to CSI reporting periodicity and interference statistics. The following proposal has been made:
Proposal:

· Consider defining CSI performance requirements to avoid UE implementation with observation interval substantially different than periodicity of CQI reporting. 
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Appendix
	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	HetNet  with 4 low power nodes per cell clustered  UE dropping

	Antenna configuration 
	eNB: 2 cross-polarized antennas

UE: 2 cross-polarized antennas 

	Transmission scheme
	SU-MIMO with rank adaptation

	Outer loop
	10% target BLER for 1st transmission 
SINR step down 0.15 dB due to NACK

	Link adaptation 
	MCSs based on LTE transport formats 

	CSI-RS and CSI-IM periodicity
	5 ms

	eNB CSI processing time
	6 ms

	HARQ scheme 
	CC

	DL overhead (PDCCH, CRS, CSI-RS, UE-specific RS, ZP CSI-RS)
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Traffic load 
	Non fuller buffer FTP, F=0.5 MBytes

	Maximum Rank per UE 
	2

	PMI feedback 
	Rel-10 LTE codebook 
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