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1 Introduction

In RAN1#69 the following working assumption was adopted in relation to CSI feedback for CoMP [1]:

· Independent configuration of multiple CSIs for periodic report

· At least in the case of PUCCH:

· In case 2 or more CSIs are configured in the same reporting instance(s), FFS the details of 

· Collision handling
· Compression/multiplexing

· Observation: By configuring 2 or more CSIs with the same set of reporting instances, it is possible to compress/multiplex multiple CSIs into the same set of reporting instances

This contribution discusses handling of collisions of multiple CSIs in periodic PUCCH and overhead reduction techniques. 
2 Collision handling for periodic CSI feedback on PUCCH 
All PUCCH periodic CSI reporting modes should be supported for CoMP. The following techniques should be considered to enhance CSI reporting for CoMP, where each CSI process is configured by the association of a channel part (one NZP CSI-RS resource in CoMP Measurement Set) and an interference part (one IMR which occupies a subset of REs configured as Rel-10 ZP CSI-RS). 
· Collision avoidance with TDM: UE is configured to report CSI processes in different subframes, as shown in the following figure.
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· Dropping: Different CSI processes could collide in the same subframe: periodic CSI dropping rules should be defined, considering the priority of feedback content and CSI processes. As shown in the following figure, the CSIs with the stripes are dropped.
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· Multiplexing: Different CSI processes could collide in the same subframe: PUCCH format 3 can be considered to carry multiple CSIs as shown below.
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· Multiplexing multiple CSIs and CoMP HARQ-ACK in case of collision.
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· Compression: Different CSI processes could use a common parts of the CSI (e.g. RI, PMI, subband index) to reduce payload size of PUCCH as shown below.
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In the following, the above techniques will be discussed in detail.
2.1 Periodic CSI feedback collision avoidance
Using the reporting instances defined in Rel-10, multiple CSI processes could be configured to avoid collision by time division multiplexing. The following figure shows an example of two CSI processes with PUCCH CSI reporting mode 2-1.
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From the figure above, we can see that there is no collision with proper configuration. However in CoMP, it is better to report multiple CSIs simultaneously for coordinated scheduling or DPS/DPB. Meanwhile, considering wideband CQI/PMIs are more important than subband CQIs, they should avoid collision for better performance. In the current specifications, if subband information collides then wideband information also collides, as shown in the following figure:
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For avoiding collisions of wideband CQI/PMI reports while subband CQIs are reported together for better coordinated scheduling or DPS/DPB, the following reporting instances could be used:
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To make this possible, the wideband PMI/CQI reporting instance should be defined as:
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where the relative reporting offset for wideband PMI/CQI 
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 or signalled by higher-layers， where 
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 is the number of bandwidth parts and 
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 is configured by higher-layers.
Proposal 1: when both wideband CQI/PMI and subband CQI reporting are configured, 
· The reporting instances for wideband CQI/PMI are subframes satisfying 
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· the relative reporting offset for wideband PMI/CQI 
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· The reporting instances for subband CQI are subframes satisfying
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2.2 Periodic CSI feedback dropping priority
According to the dropping priority defined in Rel-10, dropping mechanism for CoMP could be defined as:
· Rule 1: If the UE is configured with more than one CSI process, the UE transmits a maximum of X CSI processes with highest priority in any given subframe. X takes values from {1, 2, 3, 4} as discussed in section 2.3
· Rule 2: For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of one CSI process with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another CSI process, the latter CSI with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped.
· Rule 3: For a given subframe, in case of collision of CSI report with PUCCH reporting type 2, 2b, 2c, or 4 of one CSI process with CSI report with PUCCH reporting type 1 or 1a of another CSI process, the latter CSI report with PUCCH reporting type (1, or 1a) has lower priority and is dropped.

· Rule 4: For a given subframe, in case of collision among more than X CSI reports of different CSI processes with PUCCH reporting type of the same priority defined in rules 2 and 3, the CSIs of X CSI processes with lowest CSI process index are reported.

According to the above mechanism, in case of collision among more than X CSI reports of different CSI processes with PUCCH reporting type of the same priority defined in rules 2 and 3, the CSIs of X CSI processes with lowest CSI process index are reported. This will cause CSI processes with higher CSI process index to have a higher dropping probability, which will decrease CoMP performance. So we propose a scheme in which the priority changes in the time domain. Rule 4 could be changed to:
· Rule 4a: For a given subframe in set A, in case of collision among more than X CSI reports of different CSI process with PUCCH reporting type of the same priority defined in rules 2 and 3, the CSIs of X CSI processes with lowest CSI process index are reported.
· Rule 4b: For a given subframe in set B, in case of collision among more than X CSI reports of different CSI process with PUCCH reporting type of the same priority defined in rules 2 and 3, the CSIs of X CSI processes with highest CSI process index are reported.
An example of two CSI processes configured as mode 2-1 is shown in the figure below, where X=1 and the dark subband CSI is dropped.
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Proposal 2: 

· Define a dropping mechanism for CoMP to support X>1 CSI processes in a given subframe.
· The priority of different CSI processes changes in the time domain.
2.3 Periodic CSI feedback multiplexing
Different CSI processes could be multiplexed in the same subframe to save overhead and reduce the CSI dropping possibility. According to the payload size of different CSI reporting types, PUCCH format 3 can carry one or more CSI. 
For example:

· PUCCH format 3 can carry 7 Type3 CSIs.
· PUCCH format 3 can carry 2 Type2 CSIs.

· PUCCH format 3 can carry 5 Type4 CSIs.

· PUCCH format 3 can carry 2 Type1 CSIs.

For the purpose of Rel-11 CoMP, the maximum number of CSIs which can be multiplexed within one PUCCH format 3 should take values from {2, 3, 4}, and is implicitly defined by the multiplexing and compression rules. We should note that this number is the same as X in section 2.2. For example, the values of X in some typical cases are:
· X = 1 if PUCCH format 3 when multiplexing of multiple CSIs is not configured. 

· X = 2 if the UE is configured with PMI/RI reporting for multiple CSI processes. 

· X = 4 if the UE is configured without PMI/RI reporting for multiple CSI processes.
For CoMP, only a maximum of 2 bits HARQ-ACK is needed. It should be supported for CoMP that 1 or 2 bits HARQ-ACK be multiplexed with multiple CSIs, and it could be carried by PUCCH format 3:
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Proposal 3: 

· A Rel-11 UE can be configured for reporting multiple CSIs relative to the same downlink component carrier on PUCCH format 3.
· Multiple CSIs and 1 or 2 bits HARQ-ACK (one HARQ process) is also supported.

· The number of CSIs in one PUCCH format 3 is such that the total payload does not exceed 22 bits after all collision, multiplexing and compression rules have been applied.

· If the UE is not configured for reporting multiple CSIs on PUCCH format 3, then PUCCH format 2 is used for CSI feedback of a single CSI process.
2.4 RI/PMI commonality
To reduce the payload size of RI/PMI feedback, RI/PMI commonality could be considered. Here we give an evaluation of RI/PMI commonality in HetNet scenario with non-full buffer traffic. In the simulation, DPS/DPB is used and 3 CSIs are reported. The hypothesis of each CSI is:
· CSI1 (RI1/PMI1): assuming PDSCH sent by the strongest pico and macro is not blanking
· CSI2 (RI2/PMI2): assuming PDSCH sent by the strongest pico and macro is blanking
· CSI3 (RI2/PMI2): assuming PDSCH sent by macro and the strongest pico is not blanking
Three schemes are evaluated in case of 2Tx. The details of the compression are shown in Table 1.
Table 1 method of obtaining CSI for different schemes

	
	
	Common RI
	Common PMI
	Common RI/PMI

	CSI 1
	RI1
	measured
	measured
	measured

	
	PMI1
	measured according to RI1
	measured according to RI1
	measured according to RI1

	CSI 2
	RI2
	RI2 = RI1
	measured
	RI2 = RI1

	
	PMI2
	measured according to RI1
	PMI2 = PMI1 if RI2 = RI1

PMI2 = floor(PMI1/2)+1 if RI2 > RI1

PMI2 = 2*(PMI1-1) if RI2 < RI1
	PMI2 = PMI1

	CSI 3
	RI3
	measured
	measured
	measured

	
	PMI3
	measured according to RI3
	measured according to RI3
	measured according to RI3


In the simulation results of Table 2, HetNet configuration 4b with 4 picocells per macrocell area is assumed. Bursty buffer traffic with FTP model 2 is assumed, with λ=0.2 and packet size of 0.5M bytes. 
Table 2. Performance comparison among different RI/PMI commonality schemes
	
	Average UPT
	5%-UPT

	Without common RI or PMI
	0
	0

	Common RI
	-6.72%
	-13.40%

	Common PMI
	-0.17%
	-1.51%

	Common RI/PMI
	-7.71%
	-13.65%


The evaluation results show that common RI will results about 7% loss for average UPT and 13% loss for 5%-UPT. This is because when macro is blanking, RI relative to picocell may be increased, which means RI2 may be larger than RI1. However, common RI makes RI2 equal to RI1, which decreases the UPT.
The evaluation results also show that common PMI results in negligible loss for average UPT and 5%-UPT. This is reasonable considering that PMI1 and PMI2 both describe downlink channel of the picocell.  PMI commonality could be used for PMIs corresponding to the same NZP CSI-RS. The details of PMI commonality are shown as:
· Predefine or signal reference CSI process(es), PMI(s) corresponding to reference CSI process(es) should be measured and reported;

· PMI(s) corresponding to attached CSI process(es), which have the same NZP CSI-RS as reference CSI process, should be calculated according to PMI and RI of the reference CSI process and RI (or candidate RI) of the attached CSI process.  PMI(s) corresponding to attached CSI process should not be reported, and RI/CQI should be measured according to the calculated PMI(s);

· The PMI corresponding to an attached CSI process is defined as the PMI of a precoding matrix which has maximum similarity to the precoding matrix of the reference CSI process. The similarity could be defined as 
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 is the candidate precoding matrix corresponding to the attached CSI process.
Observation 1:

· Common RI results in about 7% loss for average UPT and 13% loss for 5%-UPT
· Common PMI results in negligible loss for average UPT and 5%-UPT

Proposal 4: 

· When multiple CSIs corresponding to the same NZP CSI-RS resource are configured for periodic feedback, the eNB can configure the UE to report only one PMI for a reference CSI.
· Independent RIs should be reported.
3 Collision handling for periodic CSI feedback on PUSCH 
In Rel-10, periodic CSI can be transmitted either on PUCCH or PUSCH, as summarized below: 

· If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUCCH in subframes with no PUSCH allocation and on PUSCH in subframes with a PUSCH allocation [2].

· If a UE is configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUCCH if the UCI to be transmitted consists only of periodic CSI and on PUSCH in subframes with PUSCH allocation if the UCI to be transmitted consists of periodic CSI and HARQ-ACK [2].

In Rel-10, if a UE is configured with more than one serving cell, only one periodic CSI report can be transmitted in one given subframe, even if the periodic CSI is piggybacked on PUSCH. As described in section 2.3, we are proposing that a Rel-11 UE can be configured for reporting multiple CSIs relative to the same downlink component carrier on PUCCH format 3, with the possibility that some of CSIs are dropped or compressed. When periodic CSI is piggybacked to PUSCH, it is possible to allow periodic CSI of all CSI processes to be transmitted simultaneously since capacity is not a problem on PUSCH. This way, the probability of dropping periodic CSI is reduced. 
Proposal 5:
· When periodic CSI is piggybacked on PUSCH:

· multiple CSIs are transmitted on PUSCH without dropping

· multiple CSIs are transmitted on PUSCH without RI/PMI compression 
4 Conclusions
This contribution gives Huawei’s views on periodic CSI feedback collision handling for CoMP. The proposals and observations are summarized below.
Proposal 1: when both wideband CQI/PMI and subband CQI reporting are configured, 
· The reporting instances for wideband CQI/PMI are subframes satisfying 
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· the relative reporting offset for wideband PMI/CQI 
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· The reporting instances for subband CQI are subframes satisfying
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Proposal 2: 

· Define a dropping mechanism for CoMP to support X>1 CSI processes in a given subframe
· The priority of different CSI processes changes in the time domain.

Proposal 3: 

· A Rel-11 UE can be configured for reporting multiple CSIs relative to the same downlink component carrier on PUCCH format 3

· Multiple CSIs and 1 or 2 bits HARQ-ACK (one HARQ process) is also supported.

· The number of CSIs in one PUCCH format 3 is such that the total payload does not exceed 22 bits after all collision, multiplexing and compression rules have been applied.

· If the UE is not configured for reporting multiple CSIs on PUCCH format 3, then PUCCH format 2 is used for CSI feedback of a single CSI process.

Proposal 4: 

· When multiple CSIs corresponding to the same NZP CSI-RS resource are configured for periodic feedback, the eNB can configure the UE to report only one PMI for a reference CSI.
· Independent RIs should be reported.
Proposal 5:
· When periodic CSI is piggybacked on PUSCH:
· multiple CSIs are transmitted on PUSCH without dropping

· multiple CSIs are transmitted on PUSCH without RI/PMI compression 
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