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Discussion and decision
1. Introduction
In the contributions of several companies to RAN1#69 and the discussions during RAN1#69, the increased UE complexity due to the CoMP operation with respect to providing CSI information has been discussed. Based on the discussions, RAN1 has taken a working assumption with some restrictions with respect to UE complexity at RAN1#69, which reads as [1]:

Working assumption:
· The maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources
· Introduce a constraint to limit the UE processing requirements when more than a certain number of CSI reports are configured

· FFS what the constraint is 

· FFS what the “certain number” is
The size of the CoMP measurement set in combination with the CSI calculation requirements for each CSI-RS resource will define computational complexity for the UE, as we have also noted in [2]. 

In this contribution we discuss the required constraints to limit the UE processing requirements – which are in line with our proposals on CSI definition in [3]. 

2. Constraints on CSI measurements
In [2], we in detail discuss the UE complexity of DL COMP CSI feedback depending on the number of CSI-RS resources (i.e. the CoMP Measurement Set Size) as well as number of CSI hypothesis per-CSI-RS resource as well as aggregated CQI. Based on the investigations in [2] the following related observations can be drawn:

· Observation1: The channel estimation complexity is linearly increasing with the total number of CSI-RS resources.
· Observation2: The CSI estimation complexity for per-CSI-RS resource CSI is linearly increasing with the total number of CSI-RS resources and the number of CSI/CQI hypothesis per CSI-RS resource.
The CoMP measurement set size as such discussed in RAN1 so far had been fully focusing on the case of a single operational carrier (without the ability of carrier aggregation). But for the UE in operation, the total number of CSI-RS resources is given by the max. CoMP measurement set size for each of the configured component carriers and the number of configured component carriers in carrier aggregation operation. 

· Observation 3: Not the maximum CoMP measurement set size of a single component carrier – but the combined number of CSI-RS resources and CSIs of all configured CCs for a UE will effect on UE complexity. 

Considering UE complexity we can now distinguish between two restrictions – one on a single component carrier and one related to the overall UE complexity considering carrier aggregation capabilities. With respect to CSI/CQI definition, we suggest in [2] to have a single interference & operation hypothesis per CSI-RS resource and therefore a single independent CSI report (RI, PMI & CQI) defined for each CSI-RS resource, which we denote here with a CSI process. 

Observation 4: Each CSI process is associated with a CSI-RS resource, therefore limiting the CSI process number automatically restricts the number of CSI-RS resources.
With this assumption we would end up with the following proposal with a maximum CoMP measurement set size of 3: 

Proposal 1: Limited the total number of CSI processes on a single component carrier to the maximum size of the CoMP measurement set, i.e. 3. 

Considering the complexity in combination with carrier aggregation operation, we suggest to additionally set an overall limit to the number of CSI processes (and therefore CSI-RS resources) that can be configured for a UE in carrier aggregation operation, as otherwise the UE would need to monitor with carrier aggregation of up to 5 component carriers up to 15 CSI-RS resources and derive 15 related CSI measurements & reports. In this respect we suggest to have a total maximum number of 5 CSI processes with each corresponding to a single CSI in case of carrier aggregation, which results in the same max. UE complexity with respect to CSI computations compared to a 5 component carrier capable UE in Rel. 10. Moreover, this will enable to utilize the carrier aggregation CSI feedback reporting framework also for the case of CoMP operation, as we suggest in [4]. 
Proposal 2: A Rel. 11 UE is not required to derive CSIs for more than 5 CSI processes in the CoMP measurement sets of the configured component carriers.

With this restriction on the overall number of CSI processes in case of carrier aggregation to 5, there is of course the question on how to specify this restriction to 5 CSI processes. Correspondingly, the network will be required to restrict to a maximum of 5 CSI-RS processes that can be configured for a UE. If in a configuration the UE would be required to handled more than 5 CSI-RS processes of the active CCs, this is to be regarded as an error case. 

Proposal 3: The network should prevent by configuration that more than 5 CSI processes, i.e. no more than 5 CSI-RS resources, can be configured in the combined CoMP measurement sets of the component carriers of a UE.  

3. Conclusions
In this contribution, we discuss required restrictions with respect to the size of CoMP measurement set in terms of UE complexity. In summary we make the following observations: 

· Observation1: The channel estimation complexity is linearly increasing with the total number of CSI-RS resources.
· Observation2: The CSI estimation complexity for per-CSI-RS resource CSI is linearly increasing with the total number of CSI-RS resources and the number of CSI/CQI hypothesis per CSI-RS resource.
· Observation 3: Not the maximum CoMP measurement set size of a single component carrier – but the combined number of CSI-RS resources and CSIs of all configured CCs for a UE will effect on UE complexity.
· Observation 4: Each CSI process is associated with a CSI-RS resource, therefore limiting the CSI process number automatically restricts the number of CSI-RS resources.
Which lead us to the following proposals with respect to the remaining aspects of CoMP measurement set size:

Proposal 1: Limited the total number of CSI processes on a single component carrier to the maximum size of the CoMP measurement set, i.e. 3. 

Proposal 2: A Rel. 11 UE is not required to derive CSIs for more than 5 CSI processes in the CoMP measurement sets of the configured component carriers.
Proposal 3: The network should prevent by configuration that more than 5 CSI processes, i.e. no more than 5 CSI-RS resources, can be configured in the combined CoMP measurement sets of the component carriers of a UE.  
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