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Discussion and Decision
1. Introduction
Some progress was made in RAN1#81 regarding CSI feedback under eCA. In this document we discuss more details on CSI feedback enhancements to enable efficient operation with up to 32 CCs.   
2. Discussion
Periodic CSI (P-CSI) feedback in Rel-12 is configured for each CC independently and transmitted on PUCCH on PCell or as a part of UCI on PUSCH. P-CSI is reported for only one DL CC in one subframe, and in case multiple P-CSI reports are due in a subframe (CSI collision), prioritization between DL CCs based on reporting type is performed. With large number of CCs that can be configured for a UE in Rel-13, the P-CSI collision probability could increase significantly. To address that, additional mechanisms to handle P-CSI collisions in eCA are needed. 
For aperiodic CSI, besides a CC-specific triggering, up to 2 sets of RRC configured A-CSI reporting CCs can be configured, where each set can contain A-CSI triggering for up to 5 CCs. With eCA, the limitations of 2 RRC sets and up to 5-CC triggering need to be revisited as well. 

So far, the following CSI enhancements for eCA were agreed:
· For a PUCCH CG, at least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 

· To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA

· If the UE is configured with PUCCH on Scell, the above enhancement can be applied per PUCCH CG. 

· Working assumption:
· To increase the number of aperiodic CSI sets for flexible aperiodic CSI triggering in Rel-13 CA, 

· Size of aperiodic CSI request field is increased to 3 bits. 

· RRC-configured aperiodic CSI sets are commonly configured for aall UL cells/subframes as in Rel-12 CA.

· The PUCCH format with PUSCH-like structure can be used to carry

· P-CSIs for multiple serving cells

· FFS: P-CSIs for multiple serving cells and HARQ-ACK for at least  one serving cell

· FFS: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits

· Conclusions:
· Need to consider further the number of simultaneously triggered CSI and UE complexity in the next meeting
It is noted that multiple CSI feedback may be configured even within a CC, due to:

· CoMP operation, where two or more CSI processes may be configured for a UE, or
· eICIC operation, where a CSI process may have two subframe sets, or
· eIMTA operation, where a CSI process may have two subframe sets.
In Rel-12, the prioritization of CSI reporting generally follows the following order:

· CSI type > CSI process ID > CC index > Subframe set index

In RAN1#81, it was agreed that multi-CC periodic CSI is supported in eCA. It is also necessary to extend the agreement to have multi-CSI-processs and/or multi-subframe-set periodic CSI reporting for a CC. The prioritization can follow the existing Rel-12 rules.

· Proposal 1: In addition to multi-CC periodic CSI reporting, support multi-CSI-process and multi-subframe-set CSI reporting for a CC. Existing Rel-12 prioritization rules can be used.

For aperiodic CSI, it is important to have the flexibility of triggering CSI according to more than 2 RRC configured sets as in Rel-12 given that there are up to 32 CCs in eCA. To enable more than 2 RRC configured aperiodic CSI sets, the natural way is to extend the current 2-bit A-CSI triggering to, say, 3-bits. Such an approach has no backward compatibility issues since it’s done on a per UE basis. Other ways are possible, but one has to keep in mind that it is possible that a UE may be configured with 32 DL CCs and a single UL CC. In this case, the A-CSI triggering may be possible only via Pcell. As a result, the working assumption made in RAN1#82 regarding extending 2-bit A-CSI information field to 3-bit A-CSI information should be confirmed. 
· Proposal 2: Confirm the working assumption on A-CSI in RAN#82 regarding extending the A-CSI information field from 2-bit to 3-bit.

In Rel-12, HARQ-ACK and P-CSI can be multiplexed in PUCCH format 3. In this case, only a single-CC P-CSI can be multiplexed. Since PUCCH format 3 is still expected to be used in many scenarios, it is thus necessary to also consider supporting multi-CC P-CSI multiplexed in PUCCH format 3 to address the same issue of excessive P-CSI droppings. In addition, new PUCCH format(s) introduced for eCA should support multiplexing HARQ-ACK and P-CSI as well.
· Proposal 3: Multiple P-CSIs and HARQ-ACK can be multiplexed in the new PUCCH format(s) introduced for eCA
· Proposal 4: PUCCH format 3 can be used to carry multiple P-CSIs for payload size less than 23 bits

In Rel-12, especially under CoMP operation, relaxation of A-CSI processing is already supported, e.g., in the form of relaxed measurement time, and/or a maximum number of “fresh” CSI processes. Such an issue is more pronounced when the number of DL CCs is as large as 32. In particular, besides an increased need in handling significantly increased DL and UL throughput, the UE also needs to handle, within an already tight time budget, increased control channel decoding, increased A-CSI measurements and reporting, etc. All these factors, especially when adding up together, make it very challenging for the UE to address. Therefore, it is necessary to investigate how to relax CSI processing at the UE side, especially considering that a large number of CCs in eCA for a UE are for small cells.

To that end, the following techniques may be considered:

· Limiting the number of configured aperiodic CSI-RS processes that can be reported by the UE
· This can be tied with a UE capability

· Limiting CSI computation (and reporting) in one sub-frame
· For example, for eCA up to 32 CCs, to trigger A-CSI for up to 32 CCs, A-CSI can be triggered in a TDM manner – in each subframe, up to 7 CSI processes may be triggered, and the set of 7 CSI processes can be subframe-dependent

· Such a limitation is applicable to both P-CSI and A-CSI

· Relaxation of CSI processing timing gap

· E.g.., instead of a minimum 4ms gap between the A-CSI triggering subframe and the corresponding A-CSI reporting subframe, a 5ms gap can be considered
It is also noted that due to the loss of early decoding benefits, the CSI processing relaxation for EPDCCH based triggering can be different from that of PDCCH, i.e.., a stronger limitation or relaxation should be applied for EPDCCH based A-CSI triggering.
To sum up, we propose:
· Proposal 5: It is necessary to relax CSI (periodic CSI and aperiodic CSI) processing under eCA, e.g., by
· Limiting the number of configured A-CSI processes,
· Limiting per-subframe CSI processing, or
· Relaxing CSI processing timing gap
3. Conclusion
Based on the discussion presented in the paper, we propose the following: 
· Proposal 1: In addition to multi-CC periodic CSI reporting, support multi-CSI-process and multi-subframe-set CSI reporting for a CC. Existing Rel-12 prioritization rules can be used.

· Proposal 2: Confirm the working assumption on A-CSI in RAN#82 regarding extending the A-CSI information field from 2-bit to 3-bit.

· Proposal 3: Multiple P-CSIs and HARQ-ACK can be multiplexed in the new PUCCH format(s) introduced for eCA.
· Proposal 4: PUCCH format 3 can be used to carry multiple P-CSIs for payload size less than 23 bits

· Proposal 5: It is necessary to relax CSI (periodic CSI and aperiodic CSI) processing under eCA, e.g., by
· Limiting the number of configured A-CSI processes,
· Limiting per-subframe CSI processing, or,

· Relaxing CSI processing timing gap
In addition, CSI processing relaxation should be done differently for E-PDCCH and PDCCH based triggering.[image: image1.png]
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