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1 Introduction
In Rel-10 carrier aggregation, when HARQ-ACK and periodic CSI report(s) collide in the same subframe, only HARQ-ACK is transmitted while all periodic CSI report(s) are dropped. The evaluation results in RAN1#68bis showed non-negligible DL throughput degradation when periodic CSI reports are dropped due to the collision.
To alleviate the periodic CSI dropping issue, it was agreed in RAN1#68bis that:
· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3
· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

In this contribution, we discuss the multiplexing of multi-cell HARQ-ACK and periodic CSI for the UEs that support PUCCH format 3.
2 Multiplexing of multi-cell HARQ-ACK and a single periodic CSI report
It was already agreed that a Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3. Note that a UE that supports PUCCH format 3 can be configured with either format 3 or format 1b with channel selection for HARQ-ACK.
2.1 PUCCH resource allocation and ambiguity handling

The resource allocation and the transmission should be performed in a way so that there would be no ambiguity at the eNB reception on the transmission location and the number of bits. Ambiguity could arise from the missed detection of PDCCH grants or the autonomous transmission of SR from the UE. Note that we assume the PDCCH false alarm probability is sufficiently small and can be ignored.
· If format 3 is configured for HARQ-ACK, and PUCCH format 2 is configured for periodic CSI, the format 3 HARQ-ACK resource can be reused for the simultaneous transmission of HARQ-ACK/SR/periodic CSI. The format 3 resource is available only when the UE successfully decodes the SCell DL grant. In this case, HARQ-ACK, SR (if the subframe is configured for SR), and periodic CSI are transmitted together in the same resource. When the UE does not decode any DL grant, it follows Rel-10 behavior. The eNB needs to monitor both format 2 and format 3 resources. For the subframes configured for SR, the eNB shall assume SR is always present when trying to decode HARQ-ACK/SR/periodic CSI on format 3.
· If format 1b with channel selection is configured for HARQ-ACK, and PUCCH format 2 is configured for periodic CSI, an additional PUCCH format 3 resource needs to be configured for simultaneous transmission of HARQ-ACK/SR/periodic CSI.

· When the eNB is expecting periodic CSI, for the subframes that are configured for SR, the eNB needs to monitor both format 2 resource (for periodic CSI only) and format 3 resource (for periodic CSI + SR).

· When the eNB is expecting both periodic CSI and HARQ-ACK, the following scenarios can occur.

	
	If the subframe is configured for SR
	If the subframe is NOT configured for SR

	UE transmission behavior
	UE sends CSI alone on format 2 resource (missing DL grants, no SR)
	UE sends CSI alone on format 2 resource (missing DL grants)

	
	UE sends CSI and HARQ-ACK on format 3 resource (no SR)
	UE sends CSI and HARQ-ACK on format 3 resource

	
	UE sends CSI and SR on format 3 resource (missing DL grants)
	

	
	UE sends CSI and HARQ-ACK and SR on format 3 resource
	

	eNB reception behavior
	eNB needs to monitor both format 2 resource (for periodic CSI only) and format 3 resource (for periodic CSI + HARQ-ACK + SR)
	eNB needs to monitor both format 2 resource (for periodic CSI only) and format 3 resource (for periodic CSI + HARQ-ACK)





However, the UE would not know whether the eNB is expecting HARQ-ACK or not when it does not receive any DL grants, because the UE may have missed the grants. Since the total number of bits on format 3 would determine whether single RM or dual RM code is used, the eNB and the UE need to have a common understanding on how many bits are transmitted (which can be used to infer which encoding scheme is used) and the order of the bits. Therefore, to avoid ambiguity, whenever the UE transmits using format 3, it should assume that the HARQ-ACK bits (and the SR bit if the subframe is configured for SR) are always present (set to zero). This is true even when the eNB does not actually send DL grants. Similarly, the eNB always assumes the same when monitoring the format 3 resource. Although the number of useful information bits (excluding the bits that are set to zero) are the same, single RM performs slightly better than dual RM code. Therefore, by always assuming that HARQ-ACK bits are present, it may result in performance degradation if it results in dual RM code being used rather than single RM code.

· For both cases above, if a single-cell periodic CSI and HARQ-ACK/SR can always fit into PUCCH format 3, it is possible not to allocate a PUCCH format 2 resource for the periodic CSI report, and always use format 3 to transmit the periodic CSI report on the assigned format 3 resource.  However, this would require that the UE and the eNB always assume that HARQ-ACK and SR (if the subframe is configured for SR) are present, which may result in some performance degradation if dual RM coding needs to be used as discussed earlier. The advantages are (1) no duplication in resource allocation (2) the eNB does not need to monitor both format 2 and format 3 resources. Whether this should be supported can be further discussed.

If on the other hand, we assume that the collision of SR and periodic CSI can be avoided by appropriate configuration, we can choose to always drop periodic CSI and transmit SR because the likelihood of the situation arising would be very low. This can simplify the scenarios and make the ambiguity handling easier.

Proposal 1: Consider not to support the simultaneous transmission of SR and periodic CSI in Rel-11, similar as in Rel-10, in order to simplify the ambiguity handling.
2.2 Separate coding or joint coding of HARQ-ACK and CSI

It has been discussed whether separate coding or joint coding of HARQ-ACK and CSI should be used if format 3 is supported. Some simulation results [1]-[4] showed that although separate coding provides up to 1 dB gain over joint coding, the gain is 0.5 dB or less in most cases, and sometimes performance loss is observed instead. In order to achieve the gain of separate coding in those cases, optimization is needed for each case in terms of how many coded bits are allocated to HARQ-ACK and CSI respectively, which depends on the payload size of HARQ-ACK and CSI. This involves significant complexity given the large number of combinations for the payload size of HARQ-ACK and CSI. If only a limited number of combinations is provided, the performance gain will be even smaller. Therefore, joint coding is preferred given its simplicity.
Proposal 2: Joint coding is preferred for PUCCH format 3 when supporting the simultaneous transmission of multi-cell HARQ-ACK and periodic CSI report(s).
3 Multiplexing of multi-cell HARQ-ACK and multiple periodic CSI reports

It was agreed in RAN1#68bis that multi-cell periodic CSI multiplexing is supported. Based on the same rationale, the support of multi-cell HARQ-ACK and CSI multiplexing should be extended from single-cell CSI to multi-cell CSI to avoid DL throughput degradation. This is directly connected to the support of multi-cell periodic CSI multiplexing. Therefore the design of both should be considered together. Following the discussion in [5], PUCCH format 3 and PUSCH are the potential options. The considerations are also the same as in [5]. Without repeating the discussion, the proposals for the multiplexing of multi-cell HARQ-ACK and multiple CSI reports are similar to those in [5]:
Proposal 3: PUSCH resource can be configured using higher layer signaling to support the simultaneous transmission of multi-cell HARQ-ACK and one or multiple periodic CSI reports.
Proposal 4: It can be considered to allow PUCCH format 3 resource to be configured using higher layer signaling to support the simultaneous transmission of multi-cell HARQ-ACK and one or multiple periodic CSI reports.
4 Conclusion
In order to support the simultaneous transmission of multi-cell HARQ-ACK and periodic CSI report(s), we proposed the following:

Proposal 1: Consider not to support the simultaneous transmission of SR and periodic CSI in Rel-11, similar as in Rel-10, in order to simplify the ambiguity handling.

Proposal 2: Joint coding is preferred for PUCCH format 3 when supporting the simultaneous transmission of multi-cell HARQ-ACK and periodic CSI report(s).
Proposal 3: PUSCH resource can be configured using higher layer signaling to support the simultaneous transmission of multi-cell HARQ-ACK and one or multiple periodic CSI reports.
Proposal 4: It can be considered to allow PUCCH format 3 resource to be configured using higher layer signaling to support the simultaneous transmission of multi-cell HARQ-ACK and multiple periodic CSI reports.
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