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1. Introduction
At the RAN1#81 meeting, potential enhancements to CSI feedback were discussed, and following agreements and working assumptions were achieved [1].

	Agreements:

· 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
Working assumptions:

· 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

· This does not imply that increased number of CSI request bits is necessary

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

· Further details is FFS


In this contribution, we present our views on the necessary enhancements for CSI feedback for CA with up to 32 carriers.
2. Enhancements to periodic CSI reporting on PUCCH/PUSCH
For multiple periodic CSI feedback in one subframe on one PUCCH CG, use of legacy and/or newly introduced UL channel formats can be considered. In Rel.13 eCA, assuming a new PUCCH format is defined for HARQ-ACK following three options could be considered as starting points.
Option 1: Multi-cell periodic CSI on PUCCH format 3
The maximum payload of the PUCCH format 3 is 22 bits, which can support periodic CSI feedback for up to 2 cells, assuming that the required payload of periodic CSI for one serving cell is 11 bits. Option 1 enables to support multi-cell periodic CSI on one PUCCH resource, but the multiplexing capacity is limited. For a large number of CCs such as 32 CCs, TDM configuration of periodic CSI reports is still necessary. This option may be useful for the scenario with smaller number of configured CCs (e.g., up to 8~10 CCs), and/or with Rel.13 CA configurations with legacy PUCCH format 3 for HARQ-ACK feedback [2]. 

However, it is not always possible to support multi-cell periodic CSI and HARQ-ACK in one PUCCH because of the limited payload of the PUCCH format 3. For the cases where multi-cell periodic CSI or multi-cell periodic CSI + HARQ-ACK exceeds the maximum payload of the PUCCH format 3, periodic CSI reports with lower priority should be dropped such that HARQ-ACK and/or periodic CSI with higher priority is protected. RAN1 specifications have already defined periodic CSI dropping rules for the legacy CA, and hence it is natural to reuse these dropping rules in Rel.13 eCA. 
In the legacy CA, resource of the PUCCH format 3 is indicated by ARI, and if there is no ARI, the UE does not transmit PUCCH format 3. For Option 1, ARI-based resource indication can be applied when the ARI is available. When the ARI is not available (e.g., multi-cell periodic CSI only), semi-static configuration of periodic PUCCH format 3 transmission is necessary. 
Option 2: Multi-cell periodic CSI on the new PUCCH defined for HARQ-ACK
As long as the new PUCCH format is defined for HARQ-ACK, it can also be reused for multi-cell periodic CSI reports. It was agreed in the last meeting that the maximum HARQ-ACK codebook size for one PUCCH is at least 128 bits [1]. If the same maximum payload is applied to periodic CSI using the PUCCH, up to 11 cells’ periodic CSI can be multiplexed in case 11-bit CSI payload for each CC. The CSI dropping rules may still be needed to limit the maximum payload of multi-cell periodic CSI. Alternatively, multi-cell periodic CSI feedback can be multiplexed on PUCCHs in different subframes in a TDM way to avoid the dropping. Even with the TDM configuration, the periodicity of the multi-cell periodic CSI reporting is shorter than that with legacy mechanism (i.e., single-cell periodic CSI only). 
With the Option 2, multiplexing of multi-cell periodic CSI reports and HARQ-ACK can be supported in many cases. CRC protection can be obtained as that for HARQ-ACK. When the total payload of HARQ-ACK + multi-cell periodic CSI exceeds a certain value (e.g., the payload of the new PUCCH format), HARQ-ACK should be prioritized and some of periodic CSI reports should be dropped with the pre-defined order. Other details such as coding scheme (joint coding or separate coding), feedback bits determination for HARQ-ACK and periodic CSI etc., are highly depending on the design of the new PUCCH format [2]. 
As we discussed in [3], similar to PUCCH format 3, for HARQ-ACK transmission using the new PUCCH format, it is straightforward to use ARI for PUCCH resource indication when the ARI is available. If Option 2 is adopted, even with the multi-cell periodic CSI, the resource indication of the new PUCCH format should be ARI based, as long as the ARI is available. Same as in Option 1, semi-static configuration of periodic PUCCH transmission for multi-cell periodic CSI may be necessary.
Option 3: Multi-cell periodic CSI on the PUSCH transmission
Multi-cell periodic CSI reporting on PUSCH can also be considered, since PUSCH could offer the biggest payload so that periodic CSI reports for all the 32 carriers (e.g., 352 bits) could be supported in one subframe. The resource for the periodic PUSCH transmission can be activated, changed and released by the PDCCH which is similar to the semi-persistent PUSCH transmission. Moreover, multiplexing of multi-cell periodic CSI with ACK/NACK feedback is naturally possible. The channel coding, control information mapping can reuse the current mechanism for uplink control information on PUSCH without UL-SCH data. CRC protection is enabled as well. The resource configuration can rely on higher layer signaling, ARI, and/or UL grant. One of the potential drawbacks of Option 3 is its resource utilization efficiency. Unlike PUCCH format 2 or PUCCH format 3, it cannot be multiplexed in a CDM manner. If the new PUCCH format does not support CDM (i.e., SF=1 only), the same issue will be identified for Option 2. 
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
	128+X bits 
X is the number of CRC bit
	352 bits or more

	Resource utilization efficiency
	High
	Up to the new PUCCH structure
	May be low

	CSI dropping rules
	Necessary
	Necessary
	May not be necessary

	Multi-cell periodic CSI + HARQ-ACK
	Periodic CSI would be dropped
	Can be supported
	Can be supported 

	Capacity limitation
	Large
	Medium
	Small

	CRC protection
	Not possible
	Possible
	Possible


Proposal 1:

· Multi-cell P-CSI reports and multi-cell P-CSI reports with HARQ-ACK feedback should be supported based on legacy and/or newly introduced UL channel formats in Rel.13. 
· Further selection among the three options is needed once the new PUCCH format design is identified.
3. Enhancements to aperiodic CSI reporting
One working assumption to improve the flexibility of aperiodic CSI triggering in Rel-13 CA was made in RAN1 #81. It was proposed to increase the number of aperiodic CSI sets compared to Rel-12 CA. There are two alternatives as follows.
Alt. 1: Increase the number of aperiodic CSI sets without increasing CSI request bits.
Alt. 2: Increase the number of aperiodic CSI sets by increasing CSI request bits.
Below, we focus on the existing aperiodic CSI reporting modes. Different mechanisms could be considered if a new aperiodic CSI reporting mode (e.g., compact aperiodic CSI reporting modes) is supported.

Alt.1 is utilizing the side information to increase the number of aperiodic CSI sets without impacting DCI payload. In the legacy CA, aperiodic CSI sets are semi-statically configured and are the same regardless of which subframe/CC the aperiodic CSI is triggered on. As illustrated in Figure 1, if different aperiodic CSI sets are tied with the subframe index of the DCI where the A-CSI report is triggered, the number of CSI request ‘states’ can be increased. However, the reporting delay is increased due to the limited opportunity of A-CSI reporting of each aperiodic CSI set. Similarly, different aperiodic CSI sets can be tied with the CC index of the DCI where aperiodic CSI report is triggered. This is similar to the PUCCH on SCell solution, in which case the aperiodic CSI request is performed per PUCCH CG basis. Similar to the case of PUCCH on SCell, UE is required to support UL-CA in this case. For the PUCCH on SCell operation with large number of CCs (e.g., 31 CCs) on one PUCCH CG, more than 2 UL-CCs are required. 
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Figure 1. Increase the number of A-CSI sets by side information (e.g., subframe index).
Alt. 2 will improve the flexibility for aperiodic CSI triggering by increasing the CSI request field. For example, 1-bit addition of CSI request field enables to request one of 6 different CSI sets, which is much flexible compared to the current CSI reporting. Similar with the current 2-bit CSI request field, the increased number of CSI request bits should be applied only when a certain condition is met, e.g., when the UE is configured with a certain CA configuration (e.g., more than 5 CCs) and when the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI. FFS if joint grant [4] is supported in Rel.13 CA. 
Comparing the Alt. 1 and Alt. 2, Alt. 2 would be effective and simpler, while its impact is not substantial (e.g., only 1 bit in DCI formats). So, Alt. 2 could be further investigated.
Proposal 2:

· It is beneficial to add 1-bit CSI request field to increase the number of aperiodic CSI sets.
Another discussion point is whether to increase the number of configurable CSIs per CSI request value. If a flexible aperiodic CSI triggering is supported by increasing the number of CSI request bits or by using side information, the necessity of increasing the number of CSIs per CSI request value could be reduced. RAN1 already agreed to support cross-carrier scheduling from one scheduling cell to up to 8 cells by using 3-bit CIF. Therefore, even if the increased number of CSIs per CSI request value is demanded, it could be up to 8 CSIs, considering the commonality with cross-carrier scheduling enhancement. This implies that at least the bit length of RRC message can be kept as it is. 
If it is agreed to increase the number of CSIs per CSI request to more than 5, enhancements to PUSCH without UL-SCH should be considered as well. Currently, the modulation of aperiodic CSI without UL-SCH is limited to QPSK, and the number of PRBs for aperiodic CSI alone on PUSCH is 4 in Rel. 8, and 20 in Rel. 10. For a larger A-CSI payload, higher order modulation and/or larger number of PUSCH PRBs would be necessary. Whether/how these are necessary can be discussed after fixing the CSI request enhancement and the number of CSIs per CSI request value.
Proposal 3:
· Consider higher order modulation and/or larger number of PUSCH PRBs for aperiodic CSI on PUSCH without UL-SCH if increased number of CSIs per CSI request is supported.
4. Conclusion
In this contribution, we discussed potential CSI enhancements to CA of up to 32 CCs and proposed the following.
Proposal 1:

· Multi-cell P-CSI reports and multi-cell P-CSI reports with HARQ-ACK feedback should be supported based on legacy and/or newly introduced UL channel formats in Rel.13. 
· Further selection among the three options is needed once the new PUCCH format design is identified.
Proposal 2:

· It is beneficial to add 1-bit CSI request field to increase the number of aperiodic CSI sets.
Proposal 3:
· Consider higher order modulation and/or larger number of PUSCH PRBs for aperiodic CSI on PUSCH without UL-SCH if increased number of CSIs per CSI request is supported.
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