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1 Introduction 
In RAN1 #69, it was concluded that 

· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 

· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

It was agreed that the maximal number of NZP CSI-RSs and the maximal number of CSI-IMs are three as a working assumption. Since a CSI process is a combination of a CSI-RS resource and a CSI-IM resource, the constraints of UE complexity are also related to the maximal number of CSI processes whilst CoMP transmission should be sufficiently supported within those constraints.  We discuss our views regarding the constraints on CSI processes for CoMP in this contribution. 

2 The maximal numbers of CSI-RS, CSI-IM and CSI processes in CoMP
Each CSI-IM resource is configured independently with a Rel-10 subframeConfig and a Rel-10 resourceConfig where resourceConfig is for 4 REs. Zero power CSI-IM can be used to explicitly measure the interference and provide unambiguous interference measurements [1-2]. It has been agreed to use RRC signalling to indicate both CSI-RS and CSI-IM configurations by which the UE should measure CSI and interference when generating CQI reports. How to configure CSI-RS and CSI-IM is an implementation issue which is highly related to proprietary scheduling design, backhaul capacity and latency, network layout, signalling overhead, etc. 
Assuming that the maximal numbers of CSI-RSs and CSI-IMs are three, two examples of the configuration of CQI reports for a UE are given as follows:

Table 1 One example of a Configuration of CQI processes for a UE
	
	Channel Part
	Interference Part
	Comments

	CSI process #1
	NZP CSI-RS #1
	IMR #1
	Interference measurement excluding TP1

	CSI process #2
	NZP CSI-RS #2
	IMR #2
	Interference measurement excluding TP2

	CSI process #3
	NZP CSI-RS #3
	IMR #3
	Interference measurement excluding TP3


Table 2 Another example of a Configuration of CQI processes for a UE
	
	Channel Part
	Interference Part
	Comments

	CSI process #1
	NZP CSI-RS #1
	IMR #1
	Interference outside cooperating set

	CSI process #2
	NZP CSI-RS #2
	IMR #1
	Interference outside cooperating set

	CSI process #3
	NZP CSI-RS #3
	IMR #1
	Interference outside cooperating set


For a configuration like Table 1, the UE will measure a total interference excluding the transmission point that the UE is measuring on the NZP CSI-RS resource. This enables CoMP schemes like DPS to be efficiently supported.  Table 2 uses a common interference part measured from outside the cooperating set for all the CSI processes configured for a UE and enables CoMP schemes like CS/CB and JT. Switching the configurations of Table 1 and Table 2 is conducted by reconfiguring multiple CSI processes for the UE through RRC signalling and is highly related to the eNB scheduling decision and network configuration. 
In the examples shown in Table 1 and Table 2, the maximal numbers of CSI processes (i.e. combinations of CSI-RS and CSI-IM resources) do not exceed the size of the CoMP Measurement Set. The gain of increasing numbers of CSI-RS, CSI-IM and CSI processes for CoMP transmission are not obvious so far in RAN1, and would come at the expense of UE processing power, resource allocation and CSI feedback overhead. Moreover, the working assumption of supporting the feedback configuration and reporting for simultaneous CA and CoMP will increase the UE complexity of CSI processing further. Therefore the maximum numbers of three can be a reasonable compromise between the number of resources and processes that is needed for supporting CoMP transmission in Rel-11 and the CSI information that is needed by the network to support dynamic switching between arbitrary CoMP schemes.
Proposal 1: 
The maximum number of CSI processes that can be configured for a UE per CC in Rel-11 is equal to the size of CoMP Measurement Set. 
3 The Constraint of CSI processes in CoMP

It is noted that the placement of multiple CSI-RS resources and CSI-IMs has a significant impact for the UE complexity for CSI processing. The worst case of CSI feedback in terms of UE CSI processing occurs while the aperiodic feedback is triggered in which the UE has about 3ms to recalculate all CSI processes preconfigured for the UE, for example in Table 1, to obtain CSIs and interference hypotheses, and to derive PMIs, RIs and CQIs. Therefore the bottleneck for UE complexity in terms of CSI processing is for aperiodic feedback. However if the CSI-RSs and CSI-IMs are arranged with different subframes for a UE, it is likely that the UE has to recalculate all CSI processes once the CSI feedback is triggered. 
From CoMP operation point of view, the CSI feedback information can be more accurate and synchronized if all CSI-RSs and CSI-IMs can occur and be measured simultaneously in the same subframe. Any mismatch of the measurement times among different CSIs and interference hypotheses within a CoMP cluster will significantly increase the complexity of the eNB scheduling design, impact the eNB compensation mechanisms, and potentially reduce the gain of CoMP transmission. 
On the other hand, the ZP CSI-RS may be configured for the UEs which are not required to do channel or interference measurement with NZP CSI-RS and CSI-IM resources, e.g. for a Rel 10 UE or a CoMP UE with a different CSI-RS or CSI-IM resource configuration. With the signaling of ZP CSI-RS, the PDSCH for Rel-10 and Rel-11 UEs can be properly rate matched around irrelevant CSI-RS and CSI-IM resources. However, the existing ZP-CSI-RS pattern design in Rel-10 can sufficiently support CSI-RS and CSI-IM configurations only if CSI-RS and CSI-IM configurations for a UE have been aligned within the same subframe, or at least with the same subframe offset. 
Observation:

The CSI-RSs and CSI-IMs resources configured for a UE per CC should be placed within a same subframe as much as possible. 

4 Conclusions

The exact configuration of CoMP measurement set, CSI-RS and CSI processes are a more or less network implementation issue depending on CoMP transmission schemes supported by the network, available NZP CSI-RS and CSI-IM resources, scheduling design etc. The above proposals represents comprise between complexity of dynamic CoMP scheme switching, UE complexity and required signaling/measurement support. 
Therefore we make the following proposals:
Proposal 1: 
The maximum number of CSI processes that can be configured for a UE per CC in Rel-11 is equal to the size of CoMP Measurement Set. 
Observation:

The CSI-RSs and CSI-IMs resources configured for a UE per CC should be placed within a same subframe as much as possible. 
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