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1. Introduction

In 3GPP RAN1#70, simultaneous support of CoMP and CA was discussed.  There are 3 alternatives to consider combination of CoMP and CA [1]:
· Limiting the UE processing requirements for CSI: 

· Combination of CoMP and CA:

· Allow CoMP on >1 CC

· Allow CoMP on max 1 CC when CA is configured

· Forbid simultaneous CoMP + CA configuration for a UE
The following working assumption is setup and hence only the first two alternatives are allowed.
· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.
· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc

Besides the discussion of simultaneous support of CoMP and CA, definition of CSI reference resources was also discussed [2].  Configuration of at most X CSI Processes is supported in single carrier operation, where X is either 3 or 4.

In this contribution, we discuss the following remaining issues of UE processing related aspects on CSI feedback:
· Remaining details of CA+CoMP configurability

· Number of CSI processes and limitations on UE processing requirements

· Working assumption on maximum number of CSI-IM resources
2. Remaining details of CA+CoMP configurability
If simultaneous support of CoMP and CA is allowed, it is more preferable to allow CoMP in all activated CCs.  One may argue that CoMP is mostly for cell edge performance improvement and hence restricting CoMP in one CC is sufficient.  However, the improvement is not restricted to cell edge in some scenarios.  In low loaded scenarios, significant gain on mean UE throughput can be also seen [3].  In order to fully enjoy the performance benefits at least for high-end UEs, CoMP+CA in all CCs should be allowed.  Also, some features introduced in TM10 are not only useful for CoMP UEs.  It also benefits non-CoMP UEs with single point transmission.  For example, IMR can potentially increase the interference measurement accuracy even for UEs with single point transmission.  So it would be beneficial to support these features in all CCs.  

Considering UE complexity, it is maximum number of CSI processes that is more concerned than supporting CoMP in more than one CC.  UE capability can depend on the maximum number of CSI processes and number of total CA cells.  
Proposal 1:  Allow CoMP on > 1CC.  Allow flexible combination of CoMP and CA depending on the UE capability.  
3. Number of CSI processes and limitations on UE processing requirements
3.1. Number of CSI processes limitations and IMR limitations
For single carrier operation, the maximum number of CSI processes is either 3 or 4.  Four CSI processes is a more preferable so that total four transmission and interference hypotheses can be obtained as shown in table 1 when we do DPS between 2TPs.  This case also requires 3 IMRs.  Four CSI processes also helps to support JT and fallback single TP transmission as shown in table 2 when one of the CSI processes is used to obtain transparent inter-point phase.  
Table 1 Possible CSI Processes for DPS between two TPs
	
	TP 0
	TP 1

	CSI Process 0
	On(Signal)
	On(Interference)

	CSI Process 1
	On(Interference)
	On(Signal)

	CSI Process 2
	On(Signal)
	Off

	CSI Process 3
	Off
	On(Signal)


Table 2 Possible CSI Processes for JT between two TPs
	
	TP 0
	TP 1
	Transparent inter-point phase

	CSI Process 0
	On(Signal)
	Off
	N/A

	CSI Process 1
	Off
	On(Signal)
	N/A

	CSI Process 2
	Off
	Off
	On

	CSI Process 3
(for single point tx)
	On (Signal)
	On(Interference)
	N/A


Major CoMP UEs have the measurement set size equal to 2 in the scenarios we consider in Rel-11.  It is desirable to optimize 2TP coordination cases.  Therefore, we have the following proposal:
Proposal 2:  In single carrier operation, configuration of at most 4 CSI processes and 3 sets of IMR is supported.
Proposal 3:  In multi-carriers operation, maximum number of total CSI processes is 4 to 8 depending on the UE capability
3.2. Limitations on UE processing requirements
In RAN1# 70 meeting and email discussion after the meeting, the following proposal was discussed [2]:
The valid CSI reference resources are periodically occurring with a periodicity of 5ms

· The valid CSI reference resource subframe offset is 

· Baseline: determined by the offset of the IMR of the first CSI Process  (of the component carrier)

· FFS: If offset should instead  be determined by either of 

· the offset of the NZP CSI-RS of the “first” CSI Process (of the component carrier)

· the  offset of the ZP CSI-RS of the “first” CSI Process (of the component carrier)
With introduction of this 5ms periodicity, this can leave more time for the UE to process the CSIs after channel and interference measurements.  However, it can reduce the UE complexity without losing the CSI accuracy only based on the following two assumptions:

 Assumption 1 -  NZP CSI-RS and IMR are located in the same subframe or have the same modulo subframe offset in more general case.
Assumption 2 - Possible aperiodic CSIs in the trigger list are pre-computed by the UE before the actual aperiodic CSI request comes.
It is not clear how often the first assumption can be valid.  There is limited re-use factor for IMRs within a subframe.  If we consider muting for CSI-RS together with multi-TPs NZP CSI-RS, number of available IMRs left in one CoMP cluster can be limited especially for the case when we have 4 or 8 NZP CSI-RS antenna ports for each TP.   The worst situation is for TDD when we have limited number of DL subframes.  It is expected that it is more often to see the case where NZP-CSI-RS and IMR have to be in a different subframe.  In such cases, the 5ms periodicity of CSI reference resource will incur more CSI delay 
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Figure 1  Extra delay caused by periodic CSI reference resource in eICIC scenarios
Even NZP CSI-RS and IMR are in the same subframes, it can introduce extra delay when it is used with eICIC as shown in figure 1.  Originally, the network can trigger the CSI request for non-ABS subframe at subframe n-4 and obtain the CSI report at subframe n.  After introduction of this new rule of periodic CSI reference resource, the network has to trigger the CSI request at subframe n and obtain the CSI report at subframe n+4.   This causes additional of 4ms delay.  
Observation 1:  Periodic CSI reference resource can degrade CSI accuracy in some scenarios. 
For the second assumption, it is uncertain if pre-computation of CSIs is the best way for UE processing.  Although it reduces the peak UE processing requirement, it can potentially increase the average processing a lot when number of CSI processes increases.  It is up to UE’s implementation to decide.  If CSI is computed at the time of triggering anyway, periodic CSI doesn’t really help.
If periodic CSI reference resource is introduced, this should be configurable based on the UE capability.  If the UE can support tighter requirements, the network can configure the UE with smaller period and different subframe offset so that to reduce the loss due to extra CSI delay in some scenarios.  The period and subframe offset of CSI reference resource can be  configured by high layer signaling. 
Proposal 4:  If periodic CSI reference resource is introduced, period and subframe offset of CSI reference resource should be configured by high layer signaling. The configurability depends on UE capability.
Besides periodic CSI reference resource, it is proposed in [2] that extra processing time is allowed when there are more CSI processes:
· For both periodic and aperiodic CSI reporting in subframe N, the CSI reference resource is the first valid CSI reference resource occurring on or prior to subframe

· N-4, in case of 1 configured CSI processes (of a component carrier)
· N-6, in case of 2 or more configured CSI processes across CCs
Allowing extra CSI processing time will cause extra CSI delay and hence affect the CSI accuracy.  In some cases, relaxing the requirement from N-4 to N-6 can cause extra delay for more than 2 subframes in some cases especially in TDD scenarios.  With the N-6 and 5ms periodic CSI reference resource, the UE only requires to report the CSI measured in the subframe n-9 instead of subframe n-4 as shown in figure 2.  Therefore 5ms extra delay is introduced.  
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Figure 2 CSI reference resource assumption in TDD configure 0
CoMP performance is sensitive to CSI accuracy.   Loss in CSI accuracy would possibly offset the CoMP gain.   In our view,  timing requirement of CSI processing should not be changed.
Observation 2:  Relaxing the requirement from N-4 to N-6 can cause additional delay more than 2ms in some scenarios.

Instead of always relaxing the timing requirement, different UE capabilities should be properly defined  in order to reduce the UE complexity to support feedback for CoMP and CA when it is desired.   The UE capability can depend on maximum number of CSI processes together with number of CCs supported.   For example, when the number of configured CSI processes on multiple carriers less than or equal to the number of CCs that UE can support in its UE category, the UE should still be able to support N-4 timing requirement.  Otherwise, relaxing the timing to N-6 can be allowed.
Proposal 5:  If relaxing timing requirement is introduced, the condition of allowing N-6 should depend on the UE capability on CA and the number of configured CSI processes.  e.g. when the number of configured CSI processes exceeds the number of CCs that UE can support.
To further reduce UE complexity, it is reasonable to control the scenario where there are back-to-back CSI requests.  e.g. It is not allowed to have next CSI request in X subsequent subframes after a CSI request is received where X depends on the UE capability.  

Proposal 6:   Depending on the UE capability, some UEs may not be able to accept CSI requests in consecutive subframes.
4. Conclusions
This contribution discusses the UE processing related aspects on CSI feedback for CoMP.  Based on our analysis, we have the following proposal on CA+CoMP configurablility:
Proposal 1:  Allow CoMP on > 1CC.  Allow flexible combination of CoMP and CA depending on the UE capability. 
On number of CSI processes and IMRs, we have the following proposals:
Proposal 2:  In single carrier operation, configuration of at most 4 CSI processes and 3 sets of IMR is supported.
Proposal 3:  In multi-carriers operation, maximum number of total CSI processes is 4 to 8 depending on the UE capability
Regarding limitations on UE processing requirement, we have the following observations:
Observation 1:  Periodic CSI reference resource can degrade CSI accuracy in some scenarios. 

Observation 2:  Relaxing the requirement from N-4 to N-6 can cause additional delay more than 2ms in some scenarios.
Based on the observations, we have the following proposals:
Proposal 4:  If periodic CSI reference resource is introduced, period and subframe offset of CSI reference resource should be configured by high layer signaling. The configurability depends on UE capability.
Proposal 5:  If relaxing timing requirement is introduced, the condition of allowing N-6 should depend on the UE capability on CA and the number of configured CSI processes.  e.g. when the number of configured CSI processes exceeds the number of CCs that UE can support.
Proposal 6:   Depending on the UE capability, some UEs may not be able to accept CSI requests in consecutive subframes.
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