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1 Introduction
Regarding the issue of UE CSI processing complexity reduction, the following working assumption was agreed in RAN1#69 [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

This contribution addresses on the above FFS aspects for UE CSI processing complexity in Release 11 CoMP
2 Reduction of CSI Processing Complexity
In order to discuss the appropriate approaches for alleviating the CSI processing complexity for transmission mode (TM) 10 UEs, we first summarize the CSI processing for TM 9 UEs. The observations on the CSI processing for TM9 UEs can serve as a reference point.

In TM 9, each UE uses a single non-zero power (NZP) CSI-RS as a channel measurement resource (CMR) per component carrier (CC). On the other hand, interference measurement is assumed to be based on CRS transmitted every 1 ms. As shown in Figure 1, interference measurement on CRS is updated in every subframe and aperiodic CSI requests can also be triggered in every subframe. Therefore, TM 9 UEs should be able to deal with one CSI process within a time period of 1 ms if the UE is not capable of parallel CSI processing.
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Figure 1. CSI processing for TM 9 UEs in Release 10.
Observation 1: In Release 10, the peak CSI processing complexity per CC is one CSI process within a time period of 1 ms in case the UE is not capable of parallel CSI processing.
For Release 11 CoMP, TM 10 UEs would be configured with multiple NZP CSI-RS resources and multiple interference measurement resources (IMR) which result in multiple CSI processes for CSI feedback. As clarified in RAN1#70 [2], each CSI process is associated with one channel part (NZP CSI-RS resource) and one interference part (IMR). With the support of multiple CSI processes per CC in TM10, the peak complexity for UE CSI processing increases linearly as a function of the maximum number of CSI processes. For example, suppose that a UE is configured with two NZP CSI-RS resources {CSI-RS-1, CSI-RS-2} and two IMRs {IMR-1, IMR-2} which are associated with three CSI processes such as Table 4.
Table 4: Three CSI processes associated with two NZP CSI-RS resources and two IMRs.

	
	Channel part
	Interference part

	CSI process 1
	CSI-RS-1
	IMR-1

	CSI process 2
	CSI-RS-1
	IMR-2

	CSI process 3
	CSI-RS-2
	IMR-1


If two NZP CSI-RS resources are simultaneously transmitted on subframe n followed by two IMRs on subframe n+1, the UE needs to be ready to generate CSI for three CSI processes in a 1 ms time frame since aperiodic CSI requests for all configured CSI processes can be triggered in every subframe. Such an example is illustrated in Figure 2 where the report in subframe 6 corresponds to three CSI processes associated with two IMRs updated in subframe 2 while the report in subframe 5 is associated with the most recent two IMRs before subframe 1. 
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Figure 2. CSI processing for three CSI processes configured to a UE
From the above example, it is observed that the peak CSI processing complexity is determined by 
· the number of configured CSI processes 
· and the minimum measurement update rate which is dependent on the minimum subframe gap between valid measurement resources 
Therefore, without specification support to address the CSI processing complexity, the peak CSI processing complexity per CC in TM 10 would be N CSI processes in 1 ms because the minimum measurement update rate is 1 ms.
Observation 2: In TM 10, the peak CSI processing complexity per CC is determined by the number of configured CSI processes in the minimum measurement update rate if there is no further specification support to reduce the CSI processing.
· In TM 10, the peak CSI processing complexity per CC would be N CSI processes in 1 ms, where N is the maximum number of CSI processes configurable per CC.
One way to reduce the peak CSI processing complexity is to introduce the concept of a valid CSI reference resource which occurs periodically every P subframes as proposed in [3]. The effect of adopting such periodic CSI reference resource is that it results in a minimum measurement update rate of at least P ms. Consequently, it would allow a smaller peak CSI processing complexity for supporting N CSI processes in P ms. Taking into account the tradeoff between CSI processing complexity and measurement accuracy, one good choice of the value P would be N (number of configured CSI processes). That is, if the maximum number of CSI processes per CC is determined as 3, the period P would be equal to 3 which results in the peak CSI processing complexity per CC in TM 10 to be one CSI process in 1 ms. Note that this would be identical to the CSI processing complexity per CC in Release 10. Another candidate of the value P would be to adopt a fixed value of 5. The benefit of this approach would be that a fixed value of 5 is a common factor of the possible CSI-RS periodicities. The drawback of this approach is that it may incur unnecessary delay in the CSI reports even when the UE is configured with a single CSI process. Note that this would mean that, at least from CSI delay point of view, Release 11 UEs would perform worse than legacy UEs once it is configured with TM 10 even though there is only a single CSI process.
Since the approach that every UE in TM 10 applies P=5 (or 3) might cause a wasteful feedback delay for a UE configured with a small number of CSI processes, supporting two values P=5 (or 3) and P=1 seems to be a good compromise between complexity and delay performance. That is, if a UE is configured with a single CSI process, the period P is set to one (P=1) while the period P is set to 5 (or 3) in case that the UE is configured with 2 or more CSI processes. By keeping a similar behavior as Release 10 for a UE configured with a single CSI process, the performance of TM 10 can be maintained to be of the same level as that of TM 9. Such a feature would be useful for UEs in CoMP scenario 4 which require the use of IMRs for interference measurement but do not necessarily require coordination of multiple TPs due to their close proximity to a particular TP.
Proposal: The valid CSI reference resources occur with a periodicity of P ms
· P=1, in case a UE is configured with a single CSI process

· P=5 (or 3), in case a UE is configured with two or more CSI processes
3 Conclusions
This contribution discusses about remaining details on UE CSI processing for Release 11 CoMP operation. 
Based on the following observations regarding on UE CSI processing complexity:
· Observation 1: In Release 10, the peak CSI processing complexity per CC is one CSI process within 1 ms in case the UE is not capable of parallel CSI processing.
· Observation 2: In TM 10, without additional specification support on CSI processing reduction, the peak CSI processing complexity per CC would be N CSI processes in 1 ms, where N is the maximum number of CSI processes configurable per CC.
We propose that:
· Proposal : The valid CSI reference resources occur with a periodicity of P ms

· P=1, in case that UE is configured with a single CSI process

· P=5 (or 3), in case that UE is configured with two or more CSI processes
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