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1 Introduction

In previous meetings, the number of CSI processes and limitations on UE processing requirements were discussed. Following is taken as working assumption in RAN1 #69[1]:
· 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
In this contribution, some views are present on the maximum number of CSI processes and limitations on UE processing requirements.
2 Maximum number of CSI process
The maximum size of the CoMP measurement set supported in Release 11 is three NZP CSI-RS resources according to the working assumptions achieved in RAN1#69. Since each CSI process is defined as the association of a channel part (one NZP CSI-RS resource in CoMP measurement set) and one interference part (one IMR with a certain interference hypothesis), three NZP CSI-RS resources can generate a large number of CSI processes. However, all the combination of NZP CSI-RS resource and interference hypothesis may cause high complexity at UE side, complicate control signaling and large amount of feedback overhead. One simple way to alleviate the UE complexity is limiting the maximum number of CSI processes to M, i.e. M=3. Assuming three CSI processes each considering interference from outside CoMP measurement set illustrated in Table I, the three CQIs can be denoted as 
[image: image30.png]. n+4: CSI1 reporting (k=4)
CSI Reference = trigger (actual delay: 9 subframes )
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. Since how to update CQI at eNB side is dependent on implementation, Table II just gives an example of the CQI update schemes at eNB side.
Table I Example of three CQI hypotheses
	
	Desired Signal

Hypothesis
	Interference

Hypothesis

	
	TP1
	TP2
	TP3
	TP1
	TP2
	TP3

	CSI process 1
	On
	
	
	Off
	Off
	Off

	CSI process 2
	
	On
	
	Off
	Off
	Off

	CSI process 3
	
	
	On
	Off
	Off
	Off


Table II Example of CQI Update Schemes at eNB side
	CoMP schemes
	TP 1
	TP 2
	TP 3

	CS, DPS/DPB
(no interference in CoMP measurement set)
	No update
	No update
	No update

	CS, DPS/DPB
(one interference in CoMP measurement set)
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	Non-CoMP or CS, DPS (two interferences in CoMP measurement set)
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	2TP-JT
(no interference in CoMP measurement set)
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	2TP-JT
(one interference in CoMP measurement set)
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	3TP-JT
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From Table II, we can see that three CSI processes are sufficient for all CoMP schemes (DPS/DPB, 2TP-JT, 3TP-JT etc.) assuming the maximum size of the CoMP measurement set is three.
Proposal 1:  The maximum number of supported simultaneous CSI processes is three for a single carrier.
3 Limitations on UE processing requirements
In order to support up to three simultaneous CSI processes, CSI processing complexity at UE side would be increased compared to legacy UE in non-CA scenario. In this section, we discuss methods to limit UE processing complexity.
3.1 Period of valid CSI reference resource
In [3], restrictions on the configuration of valid reference resource were proposed, since the frequency of triggering the aperiodic CSI reporting directly affects the frequency of CSI calculation. One simple way to reduce the frequency of CSI calculation is restricting only one valid CSI reference resource every N subframes (e.g. N=5). That means the CSI only needs to be calculated once every N subframes.
There are some constrains on CSI-RS/IMR subframe configuration in [4], which limits the available CSI-RS/IMR subframe to part of DL subframes.

[image: image26]
Based on this constraint, frame structure type 1 has sufficient available CSI-RS subframes, thus the periodicity of valid CSI reference resource could be 5 subframes. However, some configurations of frame structure type 2 have less available CSI-RS subframes. For instance, for both UL-DL configuration 3 and 6 in LTE TDD system, in order to avoid the subframes transmitting PCH, PSS/SSS, PBCH, or SIB1 messages, CSI-RS can be only transmitted in slot #1, which does not satisfy the periodicity of 5ms. Therefore, in such UL-DL configurations, the valid CSI reference resources can only be with periodicity of 10ms.
Proposal 2: 

· In case of frame structure type 1, the valid CSI reference resources are periodically occurring with a periodicity of 5ms.

· In case of frame structure type 2, the valid CSI reference resources are periodically occurring with a periodicity of 10ms for UL-DL configurations 3 and 6, and 5ms for the rest of UL-DL configurations.

3.2 Reducing UE complexity for aperiodic CSI reporting
In current Rel.8/9/10 specifications, for aperiodic CSI triggering at subframe n, a UE shall report CSI in UL subframe n+k, which gives the UE k-1 subframes for processing a CSI report. k is 4 for FDD and k is given in Table 8-2 in [2] for TDD. That means only 3ms can be used to process a CSI report for FDD; however, for multiple parallel CSI processes, 3ms might not be sufficient for CSI processing considering limiting UE complexity, thus more processing time may be needed (e.g. 5ms processing time).

There are two possible approaches to alleviate the UE complexity, and both of them have their corresponding advantages and disadvantages:
Solution 1: Calculate potentially triggered CSIs for every periodic CSI reference resource
This solution assumes that the UE would start computing all potentially triggered CSIs as soon as the periodic CSI-RS reference subframe occurs. To be specific, whether or not UE receives the CSI report trigger, UE performs CSI calculation periodically based on the configured CSI reference resource and buffers these results. Only when receiving a CSI report trigger, e.g., in the n-th DL subframe, UE reports the recent calculated CSIs after k subframes, e.g, in the (n+k)-th UL subframe. Here, the value of k is the same as defined in Rel-8/9/10.

[image: image27]
Figure 1.  Example of solution 1

· Pros: Little impact on specifications, no need to change the value of k.

· Cons: UE needs to calculate CSI periodically even if there is no trigger for aperiodic CSI reporting. This will result in increasing power consumption. In some cases, this would even not be affordable in terms of power consumption if the UE is configured with a large number of CSI processes and component carriers.
Solution 2: CSI trigger and CSI reference resource are in the same subframe, and the value of k should be increased.
UE only starts CSI calculation while being trigged, and then reports the calculated CSI in the following k-th subframe. Here, the value of k should be increased (e.g. k=6 for FDD and k=6~l for TDD). Table III gives an example of modified k for TDD UL-DL configurations 1 - 6.

[image: image28]
Figure 2.  Example of solution 2

Table III  Modified k for TDD configurations 1 - 6
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	
	
	
	8
	
	
	
	
	8

	2
	
	
	
	9
	8
	
	
	
	9
	8

	3
	
	
	
	
	
	
	6
	6
	6
	13

	4
	
	
	
	
	8
	
	6
	6
	14
	13

	5
	
	
	
	9
	8
	
	6
	15
	14
	13

	6
	
	
	
	
	
	
	
	
	
	8


· Pros: UE only starts CSI calculation when there is a trigger, which can slash UE complexity and power consumption.

· Cons: Some impacts on specifications, need to change the value of k defined in [2] for aperiodic CSI reporting, UL scheduling and HARQ timing.
Proposal 3: For multiple CSI processes, more processing time is needed. The solution could be chosen between

· Solution 1: Calculate potentially triggered CSIs in the periodic CSI reference resource.
· Solution 2: CSI trigger and CSI reference resource are in the same subframe, and the value of k should be increased.
We have a slight preference for Solution 2 over Solution 1.
4 Conclusions

In this contribution, we discussed the number of CSI processes and limitations on UE processing requirements. Based on the above discussions, we have the following proposals:
Proposal 1:  The maximum number of supported simultaneous CSI processes is three for a single carrier.
Proposal 2: 
· In case of frame structure type 1, the valid CSI reference resources are periodically occurring with a periodicity of 5ms.

· In case of frame structure type 2, the valid CSI reference resources are periodically occurring with a periodicity of 10ms for UL-DL configurations 3 and 6, and 5ms for the rest of UL-DL configurations.
Proposal 3: For multiple CSI processes, more processing time is needed. The solution could be chosen between

· Solution 1: Calculate potentially triggered CSIs in the periodic CSI reference resource.
· Solution 2: CSI trigger and CSI reference resource are in the same subframe, and the value of k should be increased.
We have a slight preference for Solution 2 over Solution 1.
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The UE shall assume that CSI reference signals are not be transmitted


-	in the special subframe(s) in case of frame structure type 2,


-	in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,


-	in subframes configured for transmission of paging messages.
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[image: image29.png]n+6: CSI reporting (k=6)
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ST Reference 19g¢ (actual delay 6 subframes )
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