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1. Introduction

In RAN1#66 meeting CoMP SI has been finished and standardization impact for CoMP schemes was captured in the CoMP TR [1]. There are several enhancements that should be introduced in Rel-11 in order to facilitate CoMP operation. One of the essential specification changes is interference measurements for CoMP CSI feedback, formulated in CoMP TR document as follows:
· CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported as discussed in section 5.2.2

· How to measure interference needs to be considered. 
In this contribution we provide our views on alternatives for interference measurements that can be considered in Rel-11.
2. Alternatives for interference measurements
During LTE-A Rel. 10 development, reference signals and interference measurement issues have been actively discussed [2]. It was agreed that conventional Rel-8 CRS should be used for interference measurements purposes. However with evolution of LTE-A systems more flexible interference measurement mechanisms should be considered to support various use cases (e.g. CoMP, non CoMP transmission modes).
For example a conventional Rel-8 CRS based interference measurement schemes may have some issues in the following Rel-11 scenarios:
1. Some of CoMP schemes (e.g. JT CoMP) may require new CQI definition that accounts only interference outside of CoMP measurement set [1], i.e. interference from cooperating points should not be considered for CQI calculation. It is clear that conventional CRS based interference measurements scheme may not be appropriate to support CoMP CQI feedback, because it is difficult to extract interference contribution from cooperating points.
2. In distributed antenna system with common cell ID (Scenario 4) there is no interference on CRS between the transmission points of the same cell [3]. Therefore, for non CoMP schemes, the conventional CRS based interference measurement scheme may provide optimistic interference power level estimation than it actually is, eventually leading to over estimation of the CQI and rank reports.
3. In HetNet deployments, reuse 3 configuration of CRS (for 2 and 4 antenna ports) may not be enough to provide accurate interference measurements on PDSCH. The inaccurate interference measurement is due to high probability of CRS to CRS collision which is always present regardless of the PDSCH loading on the transmission points.
In order to facilitate CoMP operation in Rel-11 and address the interference measurement issues discussed above the alternative ways of interference measurements should be considered in Rel-11.
One of the attractive ways of interference measurements is interference measurements per CSI-RS [4] or PDSCH muted resources. In this approach the interference measurements can be configured in UE-specific manner to provide the desired interference measurements.
For CoMP CQI (requiring interference measurements outside of CoMP measurements set) the desired interference can be approximated by interference outside of CoMP cluster. In this case the interference measurements for CoMP CQI can be performed on the CSI-RS or dedicated PDSCH muted resources. PDSCH muting needs to be additionally configured on the remaining nodes of the CoMP cluster to achieve interference free transmission within CoMP measurement cluster.

For non CoMP CQI (calculated using the total interference power), a dedicated PDSCH muted resources not colliding with CSI-RS/PDSCH muted resources of other nodes can be allocated to perform the desired interference measurements.
The drawback of this method is that interference measurements outside of CoMP cluster is approximation of the interference measurement outside CoMP measurement set, i.e. it doesn’t account contribution from the non cooperating nodes outside of CoMP measurement set of the CoMP cluster. Additionally further study is needed to identify the accuracy of interference measurements using sparse (in time and frequency) CSI-RS and PDSCH muted resources [2].
The example of CSI/RS and PDSCH muted resource configuration that can be used for interference measurements in CoMP scenario is illustrated in Figure 1 for homogenous deployments. In this example the interference estimation for CoMP users should be performed on CSI-RS resources (highlighted in red) or muted PDSCH resources (highlighted in blue). At the same time non CoMP users should perform interference measurements on other dedicated resources with PDSCH muting (highlighted in green). The exact resource for interference measurement can be configured by eNB in UE-specific manner based on the UE feedback mode.
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Figure 1. CSI-RS and PDSCH muting configuration for homogenous deployment
CSI-RS/PDSCH muting framework discussed above can be also used for the alternative approach of interference measurements. The derive the interference for CoMP CQI the interference contribution of CoMP measurement set can be subtracted at the UE from the total interference by using channel estimation on CoMP measurement set and certain assumptions on the beam forming. This approach has the drawbacks of the additional implementation complexity imposed to the UE and lack of PDSCH scheduling information on the CoMP measurement set at the UE side that may lead to substantial interference measurements errors especially for lightly loading scenarios.
3. Performance evaluation

In this section a preliminary evaluation results for total (non CoMP) interference power estimation is provided. Two options for interference estimation are considered: conventional CRS based and proposed PDSCH muting based schemes. 
Table 1 summarizes interference types observed on the resource elements of the subframe occupied by PDSCH, CRS (2/4 ports) and PDSCH-muted resources for PDSCH and CRS interference sources. It can be seen that for the perfectly aligned (across the network) non MBSFN subframes, PDSCH experience interference only from PDSCH interference source. In this case interference estimation on PDSCH-muted resource should provide performance advantage over conventional CRS based scheme which additionally estimates unneeded interference from CRS of the cells with Cell_ID (mod 3) equal to the serving cell Cell_ID (mod 3). For non MBSFN subframes PDSCH additionally experience interference from CRS of the cells with Cell_ID (mod 3) other than serving cell Cell_ID (mod 3). It can be seen that neither CRS based nor PDSCH muting based interference estimation schemes can’t provide such interference information. 
Table 1: Interference observed on different resource elements of the subframe

	Resource elements
	Interference source

	
	PDSCH
	CRS

	PDSCH
	From all Cell_IDs
	Cell_ID (mod 3) ≠ Serv. Cell_ID (mod 3)

	CRS
	On non MBSFN subframe
Cell_ID (mod 3) ≠ Serv. Cell_ID (mod 3) 
	On non MBSFN subframe
Cell_ID (mod 3) = Serv. Cell_ID (mod 3) 

	PDSCH-muted resource
	From all Cell_IDs
	-


To quantify the performance benefit for two interference estimation scheme a system level simulation were carried out. For the performance metric a normalized mean square error of the interference power estimation at the receive antenna was considered. Although RAN4 inclines sub-band based interference power estimation for CSI feedback [5], in this contribution the accuracy of wideband interference power estimation was considered. Additionally the interference from PDSCH (i.e. without accounting interference on PDSCH from CRS) was used as a reference for MSE calculation. Other simulation parameters are provided in the Appendix A.
First the CRS-based interference estimation accuracy is compared in homogenous and heterogeneous scenarios. Full buffer and non full buffer traffic models with various loadings were used for evaluation. The results are provided in Figure 2. 
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Figure 2: MSE of CRS based interference estimation scheme
It can be seen that the performance of CRS based interference estimation scheme in Heterogeneous scenario is worse than in Homogenous scenario primary due to small reuse of CRS leading to unneeded CRS interference estimation from the cells with Cell_ID (mod 3) equal to serving cell Cell_ID (mod 3).
A similar performance was carried out for PDSCH muting based scheme for different reuse factors and number of antenna ports for the PDSCH muted resources. The results are presented in Figure 3 for full buffer traffic model. It can be seen that PDSCH muting based scheme provides remarkable performance improvement over conventional CRS based scheme, due to higher reuse factor. Additionally PDSCH muting resource corresponding to 2 and 4 antenna ports can be recommended maximize the reuse and therefore optimize interference estimation performance. 
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Figure 3: MSE of PDSCH muting based interference estimation scheme

Conclusions

In this contribution interference measurement issues was discussed and two possible alternatives to solve them in Rel-11 were provided. In particular to address interference measurement problem for CoMP schemes (e.g. JT CoMP) and improve interference estimation for Scenario 4, interference measurement per CSI-RS/PDSCH muted resources may be considered. 
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Appendix
	Parameters 
	Assumption 

	Channel model
	ITU UMa for HomNet

ITU UMa/UMi for HetNet

	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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