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1. Introduction
At the RAN1#82bis meeting, potential enhancements to aperiodic CSI feedback were discussed, and following agreements and working assumptions were achieved [1].

	Agreements:

· Confirm the working assumption that A-CSI request field is 3-bits when the UE is configured with Rel. 13 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.

· 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
· Introduce a new aperiodic CSI reporting mode 1-1 to contain only wideband information
· This is configured by higher-layer signaling
Working assumptions:

· For A-CSI reporting without UL-SCH,
· Maximum number of PUSCH PRBs is [24 or 32 or 30 or 45].


In this contribution, we present our views on remaining aspects of UCI on PUSCH, mainly focusing on the application of higher order modulation (HOM) and the restriction on the maximum number of PUSCH PRBs for A-CSI without UL-SCH. Coding scheme for RI with more than 15 bits is also discussed. The discussion on UE behavior for multi-cell periodic CSI feedback and multi-cell periodic CSI + HARQ-ACK can be found in our companion contributions [2] and [3].
2. A-CSI without UL-SCH
2.1. Application of HOM to A-CSI without UL-SCH 
It was agreed to increase the number of CSIs per CSI request up to 32, which makes the UCI overhead considerable. A new wideband-only aperiodic CSI report mode 1-1 can reduce the UL overhead. Similarly to this, application of higher order modulation to A-CSI without UL-SCH would be a good technique to reduce the UL overhead for the UEs with moderate/high SINR. Three options can be considered.
Option 1: Modulation order of A-CSI without UL-SCH is semi-statically determined by higher-layer signalling.

The only difference between option 1 and current mechanism is that the modulation order for aperiodic CSI without UL-SCH can be changed from QPSK to 64QAM semi-statically according to the channel condition. This option increases some flexibility. However, this requires new information elements in RRC signalling. In principle, RAN1 already shared RRC signalling parameter with RAN2 with some FFSs and hence it is not desirable to introduce additional information elements that are not described in [4]. Furthermore, fixed use of higher-order modulation has a risk that the A-CSI cannot be received correctly. From Rel. 8, the PDSCH/PUSCH modulation order is indicated by eNB dynamically. Hence, the principle of dynamic indication of modulation order should be kept for the A-CSI.    

Option 2: Modulation order of A-CSI without UL-SCH is determined by that of the latest PUSCH transmission.

The modulation order of ‘aperiodic CSI only’ transmission can be the same as that of the latest PUSCH transmission. Compared to option 1, this option does not need any signalling and has more flexibility. However, the applied modulation order may be outdated, and may be not consistent with current channel condition. 
Option 3: Modulation order of A-CSI without UL-SCH is determined by the value of IMCS. 
In the current specification, for A-CSI without UL-SCH, IMCS is fixed to 29. Since A-CSI without UL-SCH does not need to indicate redundancy version, IMCS = 30 and 31 can be used as indications of higher-order modulation, i.e., the modulation order of aperiodic CSI without UL-SCH can be determined by IMCS. An example is as shown in Table 1. This option is the most flexible, efficient and does not need any additional signalling.

Table 1. Mapping of IMCS and Modulation order for A-CSI without UL-SCH
	IMCS
	Modulation order 

	29
	QPSK

	30
	16 QAM

	31
	64 QAM


Proposal 1:
· Higher order modulation for aperiodic CSI reporting without UL-SCH is indicated by IMCS = 29~31 to reduce the UL overhead.
2.2. Maximum number of PUSCH PRBs for A-CSI without UL-SCH 
In current specification, IMCS = 29 in a UL grant is used to indicate either UL-SCH re-transmission of redundancy version 1 or A-CSI only transmission [5]. For example:
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then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE.


It was assumed that the smaller number of PUSCH PRBs would not be feasible to multiplex A-CSI with the re-transmission data. Therefore, the above NPRB restriction is used to distinguish either A-CSI only transmission or UL-SCH re-transmission multiplexed with A-CSI, e.g. in Rel. 8, the number of PRBs for A-CSI alone on PUSCH is up to 4 and in Rel. 10 the number of PRBs is extended to up to 20. 
Bearing this principle and taking the agreed maximum number of CSI into consideration, the number of PRBs should be increased up to, e.g., 128 PRBs. However, defining such large value of NPRB for Rel. 13 CA is not reasonable since it requires large amount of UL resources for PUSCH re-transmission. Considering that the number of CSIs per A-CSI could be large, it may be possible that the payload of A-CSI is larger than that of re-transmission data. Besides, it is not always necessary to trigger this large number of CSIs. In some cases, relatively smaller number of CSIs for a certain CSI trigger code-point may be sufficient. The wide variation range of the required payload for the A-CSI only transmission in Rel. 13 CA will cause the selection of the maximum number of PRBs more complex. Therefore it is beneficial to remove the limitation on the number of PRBs for A-CSI only transmission. 
Proposal 2:
· Considering that one CSI triggering DCI is able to trigger report for at most 32 CSI processes, the limitation on the number of PRBs for A-CSI only transmission is removed.

If the PRB number restriction is removed, there is no indication that the UE transmits A-CSI only without UL-SCH; UL grant with IMCS = 29 (~31) results in always multiplexing A-CSI and PUSCH re-transmission. In order to allow eNB to schedule either A-CSI only transmission and multiplexing of A-CSI and UL-SCH re-transmission, indication/condition is necessary. Possible method is to rely on the new data indicator (NDI) field. For example, when IMCS = 29 (~31) and A-CSI reporting is triggered, if the NDI is not toggled, the UE shall multiplex A-CSI and UL-SCH re-transmit data with redundancy version 1 into the PUSCH; else (the NDI is toggled), there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. Unlike legacy UE, the UE shall not flush the buffer of this HARQ process even though the NDI is toggled. Since the above modified UE behaviour is different from the legacy behaviour, it should be applicable only if the UE is configured with Rel. 13 CA or with 3-bit A-CSI request field, to ensure the same understanding of the UE behaviour between the UE and eNB.
Another method is to make the PRB restriction appropriate for each configuration of CSI reporting so that the UE can determine current transmission is A-CSI only transmission or UL-SCH re-transmission by checking the number of CSIs in the triggered A-CSI report and the allocated number of PRBs. For example, when IMCS = 29 (~31) is indicated, if the CSI request field triggers an aperiodic report which contains more than 5 CSI processes but less than 10 CSI processes, and NPRB <= 30, or if CSI request field triggers an aperiodic report which contains more than 10 CSI processes but less than 20 CSI processes and NPRB <= 40, or if CSI request field triggers an aperiodic report which contains more than 20 CSI processes and NPRB <= 50, then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. 
Proposal 2:
· Whether it is appropriate to specify a maximum number of PUSCH PRBs for the case when A-CSI reporting without UL-SCH data needs further study.
· If not, consider to re-use NDI field and modify the related UE behavior.
3. Coding scheme for RI with more than 5 carriers
Currently, up to 8 layers transmission in one downlink carrier is supported which needs 3-bit RI reporting. In Rel.12 CA, the coding scheme for RI reporting is RM since the maximum number of RI bits is 15. In Rel. 13, to support aggregation of 32 carriers, the total number of RI bits will become 96. With significantly increased number of RI bits, same coding scheme as for HARQ-ACK should also be applied to RI reporting. Therefore, we propose that for RI from 16 to 22 bits, dual RM coding should be used; and for RI with more than 22 bits, 8-bit CRC should be added and Rel. 8 TBCC should be used.
Proposal 3:
· For RI from 16 to 22 bits, dual RM coding should be used.
· For RI with more than 22 bits, 8-bit CRC should be added and Rel. 8 TBCC should be used.
4. Conclusion
In this contribution, we discussed potential aperiodic CSI enhancements to CA of up to 32 CCs and proposed the following.
Proposal 1:
· Higher order modulation for aperiodic CSI reporting without UL-SCH is indicated by IMCS = 29~31 to reduce the UL overhead.
Proposal 2:
· Whether it is appropriate to specify a maximum number of PUSCH PRBs for the case when A-CSI reporting without UL-SCH data needs further study.

· If not, consider to re-use NDI field and modify the related UE behavior.
Proposal 3:
· For RI from 16 to 22 bits, dual RM coding should be used.
· For RI with more than 22 bits, 8-bit CRC should be added and Rel. 8 TBCC should be used.
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