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1. Introduction
In RAN1#80bis, following observations were captured in the Chairman’s note [1].

	Observations:

· At least the following enhancements to CSI reporting in order to reduce periodic CSI report dropping probability can be studied
· Multiplexing of periodic CSI reports corresponding to multiple serving cells

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback

· Details FFS including at least: 

· supported PUCCH format(s) 

· prioritization rules

· Enhancements to Aperiodic CSI reporting in order to improve the triggering flexibility and/or guarantee sufficient coverage and low overhead can be studied
· Details of candidate enhancements FFS including at least:

· Compact (e.g. wideband-only) Aperiodic CSI reports

· Grouping of triggered and/or reported cells/carriers

· More flexible indication (triggering) of reported carriers and the type of the report

· Limiting UE complexity associated with reporting up to 32 CCs
· Higher order modulation for A-CSI reports


In this contribution, we present our views on potential CSI enhancements to Rel.13 CA.
2. Support of multi-cell periodic CSI reporting on one PUCCH/PUSCH
In Rel.10-12, if there is multiple periodic CSI report on one subframe, UE drops CSI other than the one with the highest priority according to the predefined rules. Therefore, periodic CSI reporting for different serving cells are multiplexed on PUCCHs in different subframes in a TDM basis. As the number of serving cells increases, the periodicity of the periodic CSI reporting needs to be prolonged. In case of more than 10 CCs with FDD, a reporting periodicity of more than 10 ms is required. In case of TDD, since the number of uplink subframes is limited, the periodicity of the periodic CSI reporting becomes further longer. For example, if the UE is initially configured with 5 CCs with periodic CSI reporting of 10 ms periodicity for each, and then if the UE is configured with additional 7 CCs (and hence totally 12 CCs are configured), the reporting periodicity for all the serving cells including original 5 CCs needs to become 20 ms or longer. As such, keeping the periodic CSI reporting rules in Rel.13 CA would be harmful not only for the additional SCells (e.g., CC index of more than #5) but also for serving cells including PCell and original SCells.
One promising solution is to configure PUCCH on SCell. Since the UE configured with PUCCH on SCell can report periodic CSI on PCell and PUCCH SCell in an FDM basis, the reporting periodicity can be shorter. In the time-frame when the UE supports more than 10 CCs for example, it is highly likely that many UEs support UL-CA and PUCCH on SCell. However, in order to support UEs without UL-CA capability or without PUCCH on SCell configuration for up to 32 DL-CCs, additional solution is necessary for single UL transmission case. 
We do not believe that an additional PUCCH format for multi cell periodic CSI is necessary. The necessary feature to support this is the large payload in one transmission in one CC. In Rel.13 CA, we have several means to support UCI with large payload and hence, these can be re-used. Following three options can be considered as starting points. Note that the multi-cell periodic CSI reporting on one PUCCH can easily combined with PUCCH on SCell; in which case the multi-cell periodic CSI reporting on one PUCCH is configured per PUCCH CG.
Option 1: Multi-cell periodic CSI on PUCCH format 3.
The PUCCH format 3 for HARQ-ACK transmission defined in Rel.10 can be reused for multi-cell periodic CSI reporting in a subframe. The maximum payload of the PUCCH format 3 is 22 bits, which can support periodic CSI for up to 2 cells, considering that the maximum required payload of periodic CSI for one serving cell is 11 bits. RAN1 spec already supports periodic CSI dropping rules for the legacy CA and hence, it is natural to support the dropping rules also for this case. It is not realistic to multiplex multi-cell periodic CSI and HARQ-ACK in one PUCCH. Therefore, rules for the overlap between multi-cell periodic CSI and HARQ-ACK need to be specified. Furthermore, it is not possible to protect the CSI by CRC.
Option 2: Multi-cell periodic CSI on the new PUCCH defined for HARQ-ACK.
The new PUCCH format defined for HARQ-ACK can be reused for multi-cell periodic CSI reports. The target payload size of the new PUCCH format is still under discussion, but assuming 32 CCs in FDD operation and TDD operation with UL-DL configuration #2, it could be 64 bits or 128/256 bits. Whether the CSI dropping rules need to be specified for the case when required payload for multi-cell periodic CSI exceeds the supportable payload of the new PUCCH format needs to be discussed, considering that 64 bits (or 128 bits) payload can support multi-cell periodic CSI for up to 5 CCs (or 11 CCs).  Unlike option 1, it is feasible to support multi-cell periodic CSI + HARQ-ACK feedback on one PUCCH when the payload is available. It is obvious that dropping rules are necessary for multi-cell periodic CSI + HARQ-ACK on one PUCCH. The details such as coding scheme (joint coding or separate coding), feedback bits determination for HARQ-ACK and periodic CSI etc., highly depend on the design of the new PUCCH format. Therefore, the design of the new PUCCH format should be identified before discussing the details of multi-cell periodic CSI reporting on the new PUCCH format. The possible design of the new PUCCH format is discussed in our companion contribution [2]. 
Option 3: Multi-cell periodic CSI on the PUSCH transmission.
Periodic transmission of PUSCH for multi-cell periodic CSI reporting can also be considered. This could offer the biggest payload and therefore, it may even be possible to feedback periodic CSI reports for all the 32 carriers (e.g., 352 bits) in one subframe. Moreover, multiplexing of multi-cell periodic CSI with ACK/NACK feedback is naturally possible. CRC protection is enabled as well.
The pros and cons of each option are summarized in Table 1.
Table 1. Options for periodic CSI reporting enhancements
	
	Option 1
	Option 2
	Option 3

	Maximum Payload 
	22 bits
	Depends on new PUCCH format design;
	352 bits or more

	CSI dropping rules
	Necessary
	To be discussed
	May not be necessary

	Multi-cell periodic CSI + HARQ-ACK
	Not realistic
	Can be supported
	Can be supported 

	Capacity limitation
	Large
	Medium
	None

	CRC protection
	Not possible
	Depends on new PUCCH format design
	Possible


Proposal 1:

· Determine how to support multi-cell P-CSI reporting on one PUCCH or PUSCH.

· Compare above potential options once the new PUCCH format design is further identified.
3. Enhancements to aperiodic CSI reporting
A WF on enhancements for flexible aperiodic CSI triggering of reported DL CC and/or CSI process and/or CSI subframe set [3] was discussed in RAN1#81. Two alternatives were listed below.
Alt. 1: Increase the number of aperiodic CSI sets without increasing request bits.
Alt. 2: Increase the number of aperiodic CSI sets by increasing request bits.
The advantage of Alt. 2 is improving the flexibility for aperiodic CSI triggering as the number of CSI request field bits increases. However its specification impact would not be marginal. Considering that the CIF field was agreed to keep 3 bits, it would be natural to keep the current number of CSI request bits at least for individual grant. Further study is needed for joint grant [4] if it is supported in Rel.13 CA. 
One possible way is to increase the number of configurable DL CCs per CSI set. However, the flexibility of this option is low since there are only 2 sets of DL CCs for aperiodic CSI trigger. Besides, considering the UE complexity in handling aperiodic CSI processing for a large number of DL CCs, the number of DL CCs per CSI trigger should be way below 32 carriers. For example, up to 8 DL CCs may be a reasonable value considering the commonality with cross-carrier scheduling enhancement. Then, in order to support A-CSI reporting for up to 32 DL CCs, side information should be used to increase the number of aperiodic CSI sets. 
By exploiting side information, the number of CSI request ‘states’ can be increased. For example, the CSI request field can be interpreted differently based on which serving cell or on which subframe the aperiodic CSI is triggered. For this, various different sub-options can be considered.
Another aspect for aperiodic CSI enhancements is the number of PRB limitation when the aperiodic CSI transmitted without the UL TB. In Rel.8, the PRBs for aperiodic CSI alone on PUSCH are 4 PRBs. In Rel.10, the number of PRBs is 20. Depending on the number of carriers triggered by the CSI request state, the number of PRBs for aperiodic CSI on PUSCH without UL-SCH should be determined. Moreover, higher order modulation for UEs that can achieve moderate/high SINRs should also be investigated further. 
Proposal 2:

· Support flexible aperiodic CSI triggering for up to 32 CCs.
· Similar to CIF, it would be natural to keep the current number of CSI request bits.
· Keep or extend the current 8-bit RRC configured bitmap should be further studied considering the UE processing complexity.
Proposal 3:
· The number of PRBs for aperiodic CSI on PUSCH without UL-SCH should be determined based on the number of carriers triggered by the CSI request state.
· FFS: whether/how to apply higher order modulation.
4. Conclusion
In this contribution, we discussed potential CSI enhancements to CA of up to 32 CCs and proposed the following.
Proposal 1:

· Determine how to support multi-cell P-CSI reporting on one PUCCH or PUSCH.

· Compare above potential options once the new PUCCH format design is further identified.
Proposal 2:

· Support flexible aperiodic CSI triggering for up to 32 CCs.
· Similar to CIF, it would be natural to keep the current number of CSI request bits.
· Keep or extend the current 8-bit RRC configured bitmap should be further studied considering the UE processing complexity.
· Proposal 3:
· The number of PRBs for aperiodic CSI on PUSCH without UL-SCH should be determined based on the number of carriers triggered by the CSI request state 

· FFS: whether/how to apply higher order modulation.
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