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1. Introduction

In RAN1 #69 meeting, the working assumption on periodic feedback to support CoMP was made that:

· In the case of a single CC configuration where multiple CSIs are configured for CoMP,  2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CoMP feedback 

· The candidate CSI reports are configured by RRC

· 1-bit CSI request remains in format 0 in the case of CSS

· FFS the payload content of the report 

· Multiple CSI feedbacks could be multiplexed within one report instance

· FFS how to configure these multiple feedbacks into one report instance

· FFS the semi-static and dynamic signaling details

· FFS if CSI request field is extended to other than 2 bits, by adding new bits or using existing codepoints

· FFS simultaneous usage of CSI request field for CoMP and Carrier Aggregation 

In this contribution, we provide our analysis of aperiodic feedback for CoMP based on all the achieved agreements, while the focus is the semi-static and dynamic signaling details and the method of multiplexing CSIs in one report instance. A design targeting at the tradeoff between performance and overhead is presented together with related triggering method. New feedback modes or overhead compression method is expected effective exploiting the PUSCH signaling capacity, especially when CSIs associated to the same NZP CSI-RS-resource but different parts are triggered in the same report instance.
2. PUSCH capacity for aperiodic feedback

It was already agreed that the CoMP measurement set includes at most 3 NZP CSI-RS-resources. However, since different interference assumptions may lead to different CSI results, there could be at most 4 different CSI processes configured for each NZP CSI-RS-resource. In Rel. 10, one PUSCH can carry at most 5 CSIs associated to different serving cells. Therefore the overhead of all the possible CSIs may exceed the PUSCH capacity if no modification is applied. Divide all the CSI processes into several different subsets, and triggered them by selecting one specific subset seems a reasonable solution, which is similar to CA aperiodic feedback triggering mechanism.

However, CoMP is different with CA because of the feasibility of CSI approximation method. In CA, it is impossible to schedule the carriers to a specific UE if the related CSIs are absent. Therefore the network has to select a subset of carriers for the UE to report in the case that the total overhead of CSIs is over PUSCH capacity. In CoMP, it has been proved in many contributions [1][2] that certain approximation at network side, especially the CQI recalculation based on the received CQIs corresponding to different interference assumption, doesn’t severely degrade system performance. Therefore it is possible to include only the necessary CSIs within PUSCH capacity and calculate the left CSIs by eNodeB itself for scheduling.

And it can be proved that certain kind of approximation is necessary even with at most 3 subsets configured for PUSCH feedback. To facilitate the analysis, we assume one UE configured with a size 3 CoMP measurement set. Signal from CSI-RS-resource 1 is denoted as S1, signal from CSI-RS-resource 2 is denoted as S2 etc. Interference out of measurement set is denoted as Io, interference from CSI-RS-resource 1 is denoted as I1, etc. Assume no approximation allowed at network side, the required CSI processes for each CoMP scheme are listed in table 1. 

Table 1. Required CSI processed by network assuming no CSI approximation

	CoMP scheme
	Required CSI processes

	JT
	S1+ Io*, S2+ Io, S3+ Io, S1+( Io, I2, I3)**

	CS/CB
	S1+( Io, I2, I3), S2+( Io, I1, I3), S3+( Io, I1, I2)

	DPS/DPB
	S1+( Io, I2, I3), S2+( Io, I1, I3), S3+( Io, I1, I2), S1+ Io, S1+( Io, I2), S1+( Io, I3) or

S1+( Io, I2, I3), S2+( Io, I1, I3), S3+( Io, I1, I2), S2+ Io, S2+( Io, I1), S2+( Io, I3) or

S1+( Io, I2, I3), S2+( Io, I1, I3), S3+( Io, I1, I2), S3+ Io, S3+( Io, I1), S3+( Io, I2)




* ‘+’ means combination here. Used to denote the required CSI process consisting of a NZP CSI-RS-resource and an interference part



** The UE is assumed to be associated to NZP CSI-RS-resource 1, thus require a fallback CSI in case of JT
Obviously, any subset division method could not support all the possible CoMP schemes without approximation under the PUSCH capacity constraint. And more specifically, for CS/CB scheme, the possible beamforming operation applied at the network side makes the precoding and CQI recalculation more important. Since the approximation method is anyway used, we need to find a tradeoff point between possibly degraded performance and the feedback overhead. Therefore we think the framework designed for aperiodic feedback is highly related to CQI definition topic, in which we can determine how the CSIs required for scheduling is generated. Based on [3], we think it is possible to report statically configured CSIs in each report instance and generate the CSIs for all the possible scheduling decision. By such operation, it is not necessary to divide all the possible CSI processes into subsets. Therefore the triggering method can be reusing the 2 CSI request bits as:

Table 2. Reused 2 bits CSI request field for CoMP aperiodic feedback triggering

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for CSI process index 0

	‘10’
	Aperiodic CSI report is triggered for all the configured (pre-determined or RRC indicated) CSI hypotheses

	‘11’
	Left for future extension


Based on the above analysis, regarding the FFS point on semi-static and dynamic signaling details and triggering mechanism for CoMP aperiodic feedback, we propose:

Proposal 1: The 2 bits CSI request field in UL DCI format should be reused for CoMP. Extension to more than 2 bits is not necessary.

Proposal 2: The required CSI processes in each PUSCH given the CoMP measurement set size should be statically pre-determined or semi-statically configured. It is not necessary to group all the possible CSI processes into different subsets and trigger one of them depending on the network decision.

3. Consideration on aperiodic feedback modes

As long as the selected CoMP scheme requires post-processing of the feedback information corresponding to multiple CSI-RS-resources at network side, the UE selected subband feedback mode may cause problem. Therefore depending on the implementation method, DPS/DPB may be immune from the possible subbands selection mismatch if the scheduling strictly follows the CSI reported by the UE, and may be impacted if certain approximation method is utilized to generate the CQIs corresponding to different interference hypothesis. Regarding the JT scheme, the UE selected subband feedback mode cannot be configured because the precoding may rely on per-CSI-RS-resource PMIs, which have to be searched based on the same frequency. And regarding the CS/CB scheme, since eNodeB-determined precoding is usually required, it is always impacted if subbands selection mismatch is met. As there are so many constraints on UE selected subband feedback mode supporting CoMP, it is reasonable to directly exclude this option from CoMP feedback framework.

Regardless of whether our proposed aperiodic triggering mechanism is accepted, multiple CSIs corresponding to the same NZP CSI-RS-resource but different interference hypothesis have to be reported to improve the scheduling flexibility and accuracy. Based on the assumption that common PMI and RI is applied for these CSIs, we propose to add new aperiodic feedback modes 1-3 and 3-3 to support multiple CQIs which are generated based on the same CSI-RS-resource but different interference hypothesis.

Mode 1-3 description: 

· For each subband a preferred precoding matrix is selected based on the strongest interference hypothesis (with as much intra-measurement set interference counted as possible) configured by the network, assuming transmission only in the subband. 

· The UE shall report one wideband CQI value per codeword which is calculated based on the strongest interference hypothesis configured by the network, assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands. 

· The UE shall also report wideband CQI values per codeword which is calculated based on each another interference hypotheses configured by the network, assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands. 

Note that the wideband CQIs for the strongest interference hypothesis could be as reference, and the CQIs for other interference hypotheses could be reported using differential CQI to reduce the overhead.

Mode 3-3 description: 

· A single wideband precoding matrix is selected assuming transmission on set S subbands. 

· The UE shall report multiple subband CQI values per codeword for each set S subband, which are calculated according to the interference hypotheses configured by the network, assuming the transmission is only on the corresponding subband and the wideband precoding matrix is utilized. 

· The UE shall also report a wideband CQI value per codeword, which is calculated according to the strongest interference hypothesis configured by the network, and assuming the transmission is on set S subbands and the wideband precoding matrix is utilized. 

Since the feedback mode mainly focus on subband feedback, we think only one wideband CQI is needed, which is calculated based on the strongest interference. Multiple CQIs corresponding to the same subband can be reported using differential CQI to reduce the overhead.

Similar with PUCCH based feedback, if the decision is made that the equivalent concept of ‘serving cell’ in CA is ‘CSI process’ instead of ‘NZP CSI-RS-resource’ in Rel. 11, the described new feedback mode and related information format can also be used to multiplex CSI reports with appropriate overhead compression. Therefore regarding the FFS point on how to configure these multiple feedbacks into one report instance, we propose:

Proposal 3: For aperiodic feedback to support CoMP, UE-selected subband feedback mode should not be configured.

Proposal 4: For aperiodic feedback to support CoMP, new introduced aperiodic feedback mode 1-3 and 3-3 are used to transmit CSIs corresponding to the same NZP CSI-RS-resource and different interference parts.
4. Conclusion

In this contribution, we investigated remaining issues of aperiodic feedback for CoMP. 

Regarding the FFS point on semi-static and dynamic signaling details, we propose
Proposal 1: The 2 bits CSI request field in UL DCI format should be reused for CoMP. Extension to more than 2 bits is not necessary.

Regarding the FFS point on triggering mechanism for CoMP aperiodic feedback, we propose:

Proposal 2: The required CSI processes in each PUSCH given the CoMP measurement set size should be statically pre-determined or semi-statically configured. It is not necessary to group all the possible CSI processes into different subsets and trigger one of them depending on the network decision.

Regarding the FFS point on how to configure these multiple feedbacks into one report instance, we propose:

Proposal 3: For aperiodic feedback to support CoMP, UE-selected subband feedback mode should not be configured.

Proposal 4: For aperiodic feedback to support CoMP, new introduced aperiodic feedback mode 1-3 and 3-3 are used to transmit CSIs corresponding to the same NZP CSI-RS-resource and different interference parts.
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