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1 Introduction
In RAN1#67, it was concluded that 

· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11 
· Interference measurements using CRS REs alone are not satisfactory for Rel-11.

In RAN1 #68bis, it was concluded that 

· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB

It was agreed to specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. We discuss configuration of UE-specific REs for CoMP interference measurements in this contribution.  

2 Interference Measurements in CoMP
Since CoMP involves coordinating multiple Tx/Rx points to improve the quality of signal reception and to mitigate interference, the interference observed at the UE for DL CoMP would be slightly different to that of single cell MIMO.  The majority of interference can be reconstructed at the network side by using the feedback information of CQI, PMI and RI for per-CSI-RS-resource [1-3]. And CQI compensation for dynamic CoMP and MU-MIMO schemes can be conducted by the eNB for each scheduled UE depending on the actual transmission scheme. On the other hand, the interference-measurement-resource (IMR) configuration is supposed to provide more accurate and direct interference estimation for CQI, based on specific CoMP transmission and interference hypothesis. 

Observation 1:  The interference in CoMP scenarios can be partially reconstructed at the network side based on multiple per-CSI-RS-resource CQI feedback, but explicit IMR configurations are needed to calibrate and control CQI adjustment at the network side.  

CSI-RS-resources configured for CSI estimation are non-zero-power and are primarily designed for CSI estimation, especially for MU-MIMO and CoMP which will be sensitive to the accuracy of CSI feedback; the non-zero power of the CSI-RS in those resources does not facilitate accurate interference measurement on the same resources. The IMR should be designed for improved interference estimation with different interference hypotheses and transmission schemes. Deriving an interference measurement from an IMR with non-zero-power CSI-RS will not be as accurate as using a zero-power IMR.

Proposal 1: Only ZP IMR should be supported for explicitly measuring the interference from one or multiple TPs. 

Zero power (ZP) IMR can explicitly measure the interference.  Therefore it provides unambiguous interference measurements. Assuming a CoMP measurement set with size 3, some possible configurations of ZP CSI-RS resources as IMRs are shown in Table 1:
Table 1  ZP IMR Configuration and Interference Measurement
	Configuration
	Cell 1
	Cell 2
	Cell 3
	Interference Measurement

	1
	PDSCH or non-zero-power CSI-RS resource
	ZP CSI-RS resource
	ZP CSI-RS resource
	I1+ Ioutside

	2
	ZP CSI-RS resource
	PDSCH or non-zero-power CSI-RS resource
	ZP CSI-RS resource
	I2+ Ioutside

	3
	ZP CSI-RS resource
	ZP CSI-RS resource
	PDSCH or non-zero-power CSI-RS resource
	I3+ Ioutside

	4
	ZP CSI-RS resource
	ZP CSI-RS resource
	ZP CSI-RS resource
	Ioutside


If we consider configuration 1, UEs in Cell 2 or Cell 3 with the ZP CSI-RS resource in their respective cell configured as an IMR will be able to measure interference from Cell 1 and outside the CoMP measurement set. 

Similarly, configuration 2 allows UEs in Cell 1 or Cell 3 to measure interference from Cell 2 and outside the CoMP measurement set, and configuration 3 allows UEs in Cell 1 or Cell 2 to measure interference from Cell 3 and outside the CoMP measurement set.

Configuration 4 allows UEs in any cell to measure interference from outside the CoMP measurement set. 
The interference hypothesis will depend on the CoMP scheme and may need to be switched dynamically if dynamic switching between CoMP schemes (e.g. between DPS and non-coherent JT), or between the number of jointly-transmitting transmission points in JT, is supported. The performance benefits of supporting such dynamic switching are illustrated in the Appendix. 
· The interference measurements for CS/CB only need one interference hypothesis which is the sum of the transmission powers from all non-serving cells. For example, if TP1 is the serving cell, the summation of the interference measurements from configurations 2 and 3 should provide sufficient interference measurement quality. However such interference measurement cannot quantify interference mitigation benefit from transmission cooperation if such UE is not scheduled for CS/CB during interference measurement. And the interference outside set is double counted. Therefore it will be pessimistic for those unscheduled UEs. However how to adjust CQI for CS/CB transmission would be an eNB implementation issue considering that the network already has sufficient knowledge of each TP in the measurement set including PMI, RI and CQI feedback for per CSI-RS-Resource. 
· The interference measurement for DPS has to consider 2 different DPS interference hypotheses. Assuming that TP1 is the serving cell, then the actual PDSCH transmission point could be any of TP 1, TP2 or TP3.  If, for example, the selected TP is TP1, then the summation of the interference measurements from configurations 2 and 3 should provide sufficient interference measurement quality.  Corresponding adjustment for different DPS interference hypotheses has to be done at the network side by taking advantage of feedback information and eNB decision in order to exploit cooperation gain efficiently.
· The interference measurement for two-point JT has 3 different interference hypotheses.  For example, if TP1 and TP2 are in non-coherent JT requiring the feedback of aggregated CQI, its interference can be measured by configuration 3 directly. Therefore configurations 1-3 would be mapped into three interference hypotheses for 3 two-point JT cases. 

· The interference measurement for three-point JT has only one interference hypothesis so that configuration 4 can directly measure the interference outside the measurement set. Alternatively, three-point JT can adjust transmission at the network side based on the CQI feedback of two-point JT where the interference point in the set need to be considered as the useful signal. It might be feasible by taking advantage of CQI, PMI and RI feedback of that transmission point. 
There are several possibilities to use ZP IMRs which leads to different accuracy of interference estimation and adjustment effort at the network side. 
ALT 1: Assuming that only configuration 4 is configured, then none of interference from TP1, TP2 or TP3 is measured directly. Therefore the interference hypotheses of CS/CB, DPS, and JT schemes can be reconstructed at the network side by using CQI and PMI feedback of per-CSI-RS-resource which might be inaccurate and only implicitly indicate the channel condition [2]. 
ALT 2: Assuming that only configurations #1-3 are configured, then the above analysis suggests that likely CS/CB, DPS and two-point JT can be measured accurately although the measurement is a little pessimistic for CS/CB and DPS due to the double-counting of interference from outside the measurement set. The three-point JT interference measurement can be derived by combining the information of feedback from per CSI-RS-resource feedback from two-point JT cases. Possibly 3 CQI feedbacks for three 2-point JT cases might be enough where a 2-point JT could dynamically fallback to one point transmission or upgrade into 3-point JT by combining the information of feedback from per-CSI-RS-resource. 

ALT 3: Assuming that all of configurations 1-4 are configured, then all possible interference hypotheses of CoMP schemes can be measured. It is feasible to explicitly derive and feedback 7 CQI/aggregate CQI for 7 CoMP schemes although it might lead to too much overhead.  Alternatively the eNB could control the feedback periodicity of CQI and transmission hypotheses by high level signaling. Therefore only a subset of interference hypotheses will be fed back within a certain time interval (although some additional signalling would then be needed which might restrict the dynamic switching of transmission modes to a certain degree). 
Proposal 2: The maximal number of IMRs is the same as the size of CSI measurement set or the same size plus one. 

A ZP CSI-RS resource configured as an IMR should be reusable for all UEs if those UEs need to measure the same interference hypothesis.  For example, if one ZP IMR is configured to measure interference from TP1, then some UEs in which TP1 has been configured as a part of CoMP measurement set would be able to reuse the same ZP IMR to measure interference from TP1. CSI-RS-resources and ZP IMRs should be orthogonal each other in frequency and time domains for a given UE but they can be shared by all UEs and configured by the eNB.  Different interference hypotheses might be a combination of multiple ZP IMR measurements so that one does not need to measure all possible interference combination to support dynamic switching among transmission schemes. 

Observation 2: The IMRs can be shared by UEs within same CSI measurement set. 

3 Conclusions

The exact method of interference measurement for CoMP is more or less a UE-proprietary algorithm, but the network needs to provide sufficient resources on which to make the measurements accurately. The number of IMRs needed will depend on the CoMP transmission scheme implemented by the network and on the level of dynamic switching between schemes and numbers of cooperating transmission points/cells.

From our analysis, following observation and proposals are made:

Observation 1:  The interference can be partially reconstructed at the network side based on feedback of per-CSI-RS-resource but explicit IMR configurations are needed to calibrate and control CQI adjustment at the network side.  

Observation 2: The IMRs can be shared by UEs within same CSI measurement set. 

Proposal 1: Only ZP CSI-RS resources should be able to be configured as IMRs.  

Proposal 2: The maximum number of IMRs that can be configured for a UE is either the same as the size of CSI measurement set, or the same size plus one. 
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Appendix

Considering CoMP scenario 3 with cross-polarized antennas, the spatial correlation of the channels from each TP is very low, and even weaker than CoMP scenario 2 with the 3GPP case 1 channel model. Therefore it is expected that appropriate switching between single-cell SU-MIMO, single-cell MU-MIMO and CoMP JT can significantly increase CoMP performance in CoMP scenario 3 [4].
Here we compare two kinds of switching mechanism between single-cell MIMO and CoMP JT:

· One is semi-static switching, where UEs are separated into non-CoMP UEs and CoMP UEs according to an RSRP threshold, and different frequency sub-bands are used for scheduling each CoMP and non-CoMP UEs. This kind of scheme greatly simplifies the scheduling process by separating single-cell MIMO mode and CoMP mode into different RBs. UL feedback overhead and backhaul information exchange can also be greatly reduced as a result.
· The other mechanism we consider is dynamic switching with no predetermined sub-division of RBs between CoMP and non-CoMP UEs; the scheduling for each UE is performed by comparing the weighted capacity of both modes. This kind of switching scheme takes full advantage of frequency selectivity scheduling gains and user diversity gains to further improve CoMP performance. In this case, the number of transmission points jointly cooperating can also be selected dynamically between 2 and 3. 
Following Table shows the performance of CoMP Scenario 3 with these different switching approaches, using configuration 1. The baseline is all users being scheduled for CoMP JT (no single-cell MIMO transmission).

Table 2 Evaluations of different switching approaches for CoMP JT
	Switching approach
	Average SE per macrocell coverage area
(bps/Hz/cell)
	Cell-edge SE
(bps/Hz/UE)
	Jain index

	CoMP JT w/o switching
	11.02
	0.112
	0.68

	CoMP JT w/ semi-static switching
	12.46
	0.083
	0.49

	CoMP JT w/ dynamic switching
	13.75
	0.075
	0.52


