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1. Introduction

Interference measurement issue was discussed during RAN1#67 meeting [1]. It was agreed that interference measurements on CRS alone is not suitable for Release-11 scenarios. It was therefore concluded to consider other candidates or combination of them for specification. In this contribution we present our views on the preferred resources for interference measurements for Release-11.
2. Discussion on resource elements candidates for interference measurements
During RAN1#67 meeting REs occupied by CSI-RS and zero-power CSI-RS were identified as a promising candidates for interference measurements [2] that may solve interference measurements issues [3] of Release-11. However as anticipated by several contributions [4] and also confirmed by simulations results provided in the Section 3 the accurate interference measurements on CSI-RS is problematic due to sparse structure of CSI-RS limiting the processing gain of channel estimation [5]. On the other hand interference measurements on zero-power CSI-RS allow measuring interference directly on the resources skipping the channel estimation. As shown in the Section 3 of this document zero-power CSI-RS based approach offers more accurate interference measurements results than on CRS based and therefore should be considered as main candidate for the following discussion.
Observation 1: CSI-RS resources are not suitable candidate for interference measurements in Release‑11 due to performance loss comparing to conventional CRS based interference measurements scheme.
Observation 2: Zero power CSI-RS resources are suitable candidate for interference measurements in Release‑11 due to performance gain comparing to conventional CRS based interference measurements scheme.
Based on the observations above the following proposal can be made:
Proposal 1: Zero-power CSI-RS should be considered as a baseline assumption for interference measurements in Release-11.

Another aspect of interference measurements is configuration of zero-power CSI-RS. As noted in [3] UE-specific configuration for all possible CoMP measurement set combinations may be problematic due to high overhead especially in scenarios with high number of coordination points (e.g. CoMP Scenario 2,3,4). One possible approach to reduce the resource overhead is to limit possible configurations of zero-power CSI-RS resources to a limited number and adjust reported interference measurements (CQI) results at the eNB. Although two approaches are similar from configuration point of view, the decision between them might impact on whether some adjustment mechanism at the eNB (e.g. CoMP RRM measurements) needs to be specified.
3. Performance evaluation

In this section interference measurements evaluation results are provided. The following options for interference estimation are considered: conventional CRS, CSI-RS and zero-power CSI-RS based schemes. To quantify the performance benefits for each of the option a system level simulation were carried out. A normalized mean square error of the interference power estimation for receive antenna was used as a performance metric. Although RAN4 inclines sub-band based interference power estimation for CSI feedback [6], in this contribution the accuracy of wideband interference power estimation is compared. Other simulation parameters are summarized in the Appendix.
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Figure 1: CDF of interference measurement NMSE 

It can be seen from the results that interference measurements on CSI-RS resources has performance loss comparing to conventional CRS based approach. The performance degradation is explained by low processing gain of channel estimation step limiting the accuracy of interference measurements. At the same time a zero-power CSI-RS offers more robust interference measurements performance in spite of low density structure. Beside the performance loss, CSI-RS based measurements has a drawback of calculating interference outside of CoMP cluster only, which may not be flexible enough to support CoMP schemes.  
It should be noted however that neither CSI-RS nor zero-power CSI-RS solutions allow measure interference from CRS transmitted by neighboring points. Therefore, some interference adjustments may be required at the eNB to compensate such interference measurement mismatch.
Proposal 2: For zero-power CSI-RS interference measurements, some interference adjustment mechanism at the eNB should be considered to compensate interference measurement mismatch due to CRS of neighboring points.
Conclusions

In this contribution the resource elements for interference measurements in Release-11 were analyzed. It was observed from simulations results that zero-power CSI-RS are more suitable REs for interference measurements and therefore proposed the following:
Proposal 1: Zero-power CSI-RS should be considered as a baseline assumption for interference measurements in Release-11.

Proposal 2: For zero-power CSI-RS interference measurements, some interference adjustment mechanism at the eNB should be considered to compensate interference measurement mismatch due to CRS of neighboring points.
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Appendix
	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	 (2, 4)

	Number of antennas CRS antenna ports
	2

	Channel estimation for interference measurements
	Time domain + MMSE filtering for CRS every 10 ms

	Antenna configuration 
	eNB: co-polarized

UE: co-polarized 

	Transmission scheme
	 SU-MIMO non CoMP

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	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 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	2

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586) 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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