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1 Introduction
DL-CoMP has been established as a Work Item in 3GPP RAN #53. The following texts capture the latest progress regarding DL-CoMP CSI feedback:

Working assumption from RAN1#66bis:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
The support for interference measurements is also an area under study in DL-CoMP Work Item and is closely related to CoMP feedback study. The following has been concluded/agreed in RAN1 #67:

· 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.

· Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement.
There is, however, an existing scheme of measurements for CSI feedback, namely resource-restricted measurements, and it should be taken into consideration when studying CoMP CSI feedback. The relation between CoMP CSI feedback and resource-restricted measurements are generally not explicitly addressed. In this contribution, an analysis of resource-restricted measurements and CoMP CSI feedback will be provided. For relevant discussions on interference measurements, refer to the companion contribution R1-120983 [2]. This contribution is an update of R1-120030.
2 Resource-restricted measurements for CSI feedback in Rel-10

Resource-restricted measurements for CSI feedback is a topic in eICIC used to support semi-static coordination of resources in time-domain in HetNet deployment scenario. Some subframes are configured as ABS (almost-blank subframes) in Macro cell, and hence during those ABS subframes Pico UEs can experience low interference from Macro cell, particularly in case of range extension. In this case, resource restricted measurements in a set of restricted subframes such as the ABS subframes can be used for CSI feedback in the ABS subframes. Similarly the restricted measurement in non-ABS subframes can be used for CSI feedback in the non-ABS subframes. In the rest of the contribution, we will consider semi-static coordination of resources in time domain for measurements and CSI feedback for CoMP.
3 Measurements and CSI feedback mechanism in CoMP
Typically CoMP feedback is studied in CoMP Work Item, and resource-restricted measurements is a topic in eICIC used to support semi-static coordination schemes. The discussions of CoMP feedback and resource-restricted measurements are generally separate. However, since they both belong to the general topic of measurements and CSI feedback, it is necessary and beneficial to examine their relationship. To this aim, the three main components composing CSI measurements and feedback will be analyzed in this section for CoMP schemes and resource-restricted measurements based schemes: 1) Signal/channel measurements, 2) Interference measurements, and 3) CQI calculation. (It should be noted that these components are not isolated but highly coupled with each other.) 
3.1 Signal measurements
Signal measurements can be based on either CRS or non-zero power (NZP) CSI-RS, depending on the transmission mode. In CoMP, multiple NZP CSI-RS can be configured for each UE to measure the signals from multiple transmitting points. On the other hand, for schemes with Rel-10 resource-restricted measurements there is usually only one transmitting point for each UE and hence only one signal measurement. Thus, the general approach is to allow that the network configures and signals multiple NZP CSI-RS resources to each UE for signal measurements, which is already agreed in Rel-11 CoMP.
3.2 Interference measurements
For interference measurements, CoMP usually requires two or more types of interference conditions to be measured based on either UE-specifically configured specific REs or CRS, the candidates for the former including NZP CSI-RS and zero power (ZP) CSI-RS (under ongoing discussions in RAN1). The interference conditions that a UE may experience in CoMP can vary dynamically depending on the scheduling decision, such as in Dynamic Point Selection (DPS) or Dynamic Point Blanking (DPB). The CSI-RS resources for interference measurements for DPS (or likewise, DPB and so on) may be semi-statically configured and coordinated by eNBs, and they are not necessarily tied to the PDSCH resources dynamically allocated for DPS (or DPB respectively) transmissions. In contrast, when resource-restricted measurements are used, up to two types of interference conditions are to be measured, and the measurements are based on CRS as of now. The two interference conditions in resource-restricted measurements correspond to two semi-statically configured subframes subsets, and the resources used to measure each interference condition must lie in the associated subset. In other words, it is observed that:

Table 1 – Comparison of interference measurements used in CoMP CSI feedback and Resource-restricted Measurements 
	
	Interference measurement resource
	PDSCH interference conditions / transmission schemes

	CoMP
	on semi-statically configured REs (CSI-RS)
	dynamically varying

	Resource-restricted Measurements
	on CRS of semi-statically configured subframes
	semi-statically varying


As one can see, the current interference measurement mechanisms for CoMP schemes and schemes with resource-restricted measurements appear different. However, carefully examining these two mechanisms can reveal their commonality, namely both require the resources used for interference measurements to be semi-statically configured and properly coordinated by eNBs, and such resources are subject to certain restrictions so that they correspond to the eNB-intended interference condition or interference hypothesis. Clearly, interference measurements based on semi-statically configured CSI-RS are sufficient for both types of schemes. It is then feasible and beneficial to adopt CSI-RS based interference measurement mechanism. 
For simpler UE implementation, each CSI-RS resource is used for measuring one interference condition (note that this allows a multiple-to-one relation between the CSI-RS resources and interference condition). Thus, generally two CSI-RS resources are sufficient to achieve the functionality provided by resource-restricted measurements. Therefore, the eNB should configure and signal multiple CSI-RS resources for interference measurements. See [2] for the proposal regarding CSI-RS based interference measurements.
3.3 CQI calculation
One UE may need to feedback multiple CQI reports to support CoMP schemes or resource-restricted measurements based schemes. Each CQI report is associated with one CQI hypothesis which specifies one signal condition and one interference condition.  
1) For each CQI report, the signal condition is associated with one or more CSI-RS resources used for signal measurements as indicated by eNB. Note that the support of Joint Transmission (JT) may need more than one CSI-RS resources to be used.
2) For each CQI report, the interference condition can be associated with one or more CSI-RS resources used for interference measurements as indicated by eNB. Generally UE-side interference adjustments may or may not be needed, but as discussed in [2], it is preferred that eNB configures the interference measurements such that the eNB assumes that no UE-side adjustments are needed for simpler UE implementation. To guarantee this, the eNB needs to ensure that the CSI-RS resources used for interference measurements correspond to the eNB-intended interference condition.

The above discussions are summarized in the following proposal.
Proposal: For each CQI report, the eNB configures the CSI-RS resource(s) to be used for signal measurements and the CSI-RS resource(s) to be used for interference measurements. The UE calculates each CQI based on the indicated CSI-RS resources, and the eNB assumes the UE does not perform UE-side interference or CQI adjustments.

With this proposal, we effectively have resource-restricted measurements for CSI feedback in CoMP based on CSI-RS.

4 Conclusions
One of the DL-CoMP focus areas is CoMP CSI feedback. In this contribution, both CoMP CSI feedback and resource-restricted measurements based CSI feedback were analyzed under the context of Rel-11. The following proposals were made:
Proposal: For each CQI report, the eNB configures the CSI-RS resource(s) to be used for signal measurements and the CSI-RS resource(s) to be used for interference measurements. The UE calculates each CQI based on the indicated CSI-RS resources, and the eNB assumes the UE does not perform UE-side interference or CQI adjustments.

With this proposal, we effectively have resource-restricted measurements for CSI feedback in CoMP based on CSI-RS.
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