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1 Introduction
In the RAN1#82bis meeting [1], support of aperiodic CSI reporting for UEs supporting up to 32 CCs was discussed. 
	Agreements:

· For existing aperiodic CSI reporting modes/mechanisms, 

· One CSI triggering DCI is able to trigger report for at most 32 CSI processes

· i.e., each CSI set can contain at most 32 CSI processes

· Introduce new UE capability signaling which indicates the maximum number of CSI processes to be updated per UE across CCs 
· Maximum number of CSI processes to be updated indicated in UE capability signaling should not be less than 5
· If the number of CSI processes to be updated is more than 5 and exceeds UE capability, some relaxations to address UE complexity should be considered




It was agreed to introduce new UE capability signalling indicating the maximum number of CSI processes across the CCs the UE is capable to update for a single CSI report request. It was also agreed to discuss additional relaxation principles in case the CSI request from the serving cell exceeds the UE capability. In this contribution, we provide our views on possible approaches to address this issue. 

2. Aperiodic CSI feedback on PUSCH
In Rel-12 CA, aperiodic CSI reporting may be requested by the serving cell using a DCI grant with CSI request fields ‘01’, ‘10’ and ‘11’. CSI request fields ‘10’ and ‘11’ can request CSI reporting for the maximum X  = 5 CSI processes across all CCs. Based on the agreement made in RAN1#82bis, the maximum number of CSI processes X across all CCs a UE is capable to update would be determined in a more flexible manner based on the UE capability signalling of the UE. More specifically, for Rel-13 UEs the following values for the number of CSI processes may be considered – X = 5, X = 10 or X = 32, where X = 5 CSI processes corresponds to the CSI complexity of the legacy Rel-12 UEs, where the UE is required to update at most 5 CSI processes across all serving cells for the CSI report. Larger values of X, such as X  = 10 and X = 32 may be required for Rel-13 UEs with more advanced CSI processing capabilities.
In principle, depending on the CSI calculation capability of the UE the maximum number of CSI processes that can be configured for each CSI request field may be limited according to the UE capability. This approach is used in Rel-12 CA, where at most 5 CSI processes can be configured per each CSI request field according to the maximum CSI capability of the UE. However, as discussed later, in some cases this constraint is not desirable and the serving cell may request CSI for a larger number of CSI processes than X. In this case, some relaxation to the CSI calculation complexity should be considered. 
Relaxation of CSI calculation in time domain
The first approach to address the CSI calculation complexity when the UE has received a CSI request for Y CSI processes which is beyond UE capability relies on the CSI calculation only for X CSI processes and reporting outdated CSI information for the remaining Y-X CSI processes. Such approach reduces the CSI calculation complexity and at the same time provides flexibility for the UE to select and update a specific set of X CSI processes within the set of Y CSI processes. The X CSI processes selected for CSI update may be fixed CSI processes or CSI processes that were subject to channel or interference changes and, therefore, requiring CSI update compared to the previously reported CSI. The identification of the CSI processes for CSI update in this case can be dynamically performed at the UE receiver based on simple procedures relying on raw channel and interference measurements.  For example, RSRP-like measurements can be made by the UE based on the configured NZP CSI-RS and CSI-IM resources. In case of detection of a significant changes in the obtained measurements, the UE may select the corresponding CSI process for the CSI calculation and update.
In order to guarantee the desired UE behaviour w.r.t. to the selection of the CSI processes for the CSI update, new RAN4 performance requirements can be defined. The new tests may check the appropriate selection of the X CSI processes for the CSI update at the UE.
Proposal:

· The number of CSI processes Y configured per each CSI request field may be higher than the UE capability of updating a specific number of CSI processes X

· Upon reception of a CSI request for Y CSI processes, UE is not required to update more than X CSI processes, where X is defined by the UE capability

· It is up to UE to select X CSI processes for CSI update

· RAN4 can define performance tests to check the appropriate selection of the X  CSI processes for the CSI update using raw channel and interference measurements
· Inform RAN2 and RAN4 about these assumptions
Relaxation of CSI calculation in the frequency domain

As discussed in RAN1#82bis [1], one of the reasons of high CSI calculation complexity is the support of subband CSI reporting for a CSI process, where UE needs to calculate a large number of CSI for every configured subband. Therefore, another approach to address the CSI calculation complexity for aperiodic CS reporting may rely on the reduction of the number of subbands a UE should calculate for a given CSI request. 

For example, for subband CQI/PMI reporting compact forms of CSI reporting may be considered, where the subband size of the CSI processes may be scaled up depending on the number of configured CSI processes per each CSI trigger. More specifically, UE reporting CSI may determine the subband size k’(i) for the i-th CSI process from the number of the CSI processes Y associated with a given CSI request. If the number of configured  CSI processes exceeds the UE capability of updating X CSI processes, the subband size should be increased to k’(i) PRBs so that the total number of configured subbands becomes bounded regardless of the number of CSI processes. The subband size scaling can be performed, e.g., by using the following equation
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where k(i) is the conventional subband size of the i-th CSI process as defined in the current specification, 
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 is the number of resource blocks corresponding to the j-th CSI process and 100 RBs is the reference system bandwidth corresponding to the maximum supported bandwidth in Rel-12 CA. With the proposed approach, the total number of subbands and, therefore, the number of calculated and reported CQI/PMI values can be maintained as the value that UE is capable to update regardless of the number of configured CSI processes Y per CSI request. Based on the discussion above the following proposal is made. 

Proposal:

· To reduce the CSI overhead and CSI calculation complexity, compact subband CQI/PMI reporting should be supported by scaling the subband size on a given CSI process of a given serving cell proportionally to the total number of aggregated RBs corresponding to the given CSI request field.

3. Conclusions
In this contribution, we have discussed approaches to reduce the CSI calculation complexity and feedback overhead in the case of aperiodic CSI reporting. Based on the discussion, we summarize our proposals as follows: 
· The number of CSI processes Y configured per each CSI request field may be higher than the UE capability of updating a specific number of CSI processes X

· Upon reception of a CSI request for Y CSI processes, UE is not required to update more than X CSI processes, where X is defined by the UE capability

· It is up to UE to select X CSI processes for CSI update

· RAN4 can define performance tests to check the appropriate selection of the X CSI processes for the CSI update using raw channel and interference measurements
· Inform RAN2 and RAN4 about these assumptions
· To reduce the CSI overhead and CSI calculation complexity, compact subband CQI/PMI reporting should be supported by scaling the subband size on a given CSI process of a given serving cell proportionally to the total number of aggregated RBs corresponding to the given CSI request field.
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