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1. Introduction

Most details regarding the multiplexing of multi-cell HARQ-ACK with a periodic CSI report on PUCCH Format 3 were agreed at RAN1 #70. Specifically, it was agreed to jointly encode a combined payload of HARQ-ACK + SR + CSI (in that order) using the Rel-10 HARQ-ACK single- or dual-RM encoding scheme for up to 22 bits. It was also agreed to multiplex CSI with HARQ-ACK bits (and SR if present) only if the combined payload fits into the PUCCH Format 3 payload size. Otherwise, the UE shall transmit only HARQ-ACK (and SR if present) and drop the CSI report. This contribution considers several outstanding details including:
· Transmission rules for multiplexing CSI and HARQ-ACK on either PUCCH Format 3 or PUCCH Formats 2/2a/2b.
· Whether to support HARQ-ACK compression
· Whether to solve the RI/PTI ambiguity problem for joint coding of HARQ-ACK and CSI

2. Discussion

2.1. Transmission Rules

It was agreed after an email discussion following RAN1 #70 to introduce a separate RRC parameter, denoted as simultaneousAckNackAndCQI-Format3-r11, for simultaneous transmission of HARQ-ACK and CSI on PUCCH Format 3. This new parameter is in addition to the legacy parameter, simultaneousAckNackAndCQI, which configures a UE for simultaneous transmission of HARQ-ACK and CSI on PUCCH Formats 2/2a/2b. It was not clear during the email discussion what, if any, inter-dependence exists between these two parameters. 
First we note that the agreement in RAN1 #70 states that: “No additional PUCCH format 3 resource in addition to the format 3 resource indicated by the ARI is configured for HARQ-ACK and CSI multiplexing”. Therefore, when a UE is configured for PUCCH Format 3, in the case of FDD with PDSCH reception only on the PCell, or in case of TDD with SPS transmission and/or a detected PDCCH with DAI = 1 within the bundling window, no ARI-indicated PUCCH Format 3 resource is detected by the UE. In this case, simultaneous transmission of HARQ-ACK and CSI should follow the Rel-10 rules based on the TRUE/FALSE state of the Rel-10 parameter simultaneousAckNackAndCQI. On the other hand, if simultaneousAckNackAndCQI-Format3-r11 = TRUE and the UE detects a PDCCH containing the ARI, the UE shall transmit CSI and HARQ-ACK on the ARI-indicated resource. An ambiguity could occur, from the eNB perspective, when the UE misses the PDCCH(s) containing ARI and both simultaneousAckNackAndCQI and simultaneousAckNackAndCQI-Format3-r11 are set to TRUE. In this case the UE shall transmit CSI and single cell HARQ-ACK on PUCCH formats 2/2a/2b and, clearly, the eNB needs to monitor both the Format 2 and Format 3 resources. 

Proposal 1: For a UE that is configured for HARQ-ACK transmission on PUCCH Format 3, in case of collision between a periodic CSI report and HARQ-ACK in the same subframe without PUSCH, if the parameter simultaneousAckNackAndCQI-Format3-r11 provided by higher layers is set to TRUE
· The periodic CSI report is multiplexed with HARQ-ACK and transmitted on a PUCCH Format 3 resource that is indicated by ARI in a detected PDCCH. 
· Otherwise if there is no ARI-indicated resource the UE shall follow the Rel-10 multiplexing rules based on the status of the legacy parameter, simultaneousAckNackAndCQI.
2.2. Need for HARQ-ACK Compression
Up to 22 information bits (10 A/N +1 SR +11 CSI) can be transmitted using the Rel-10 dual-RM encoder structure. For such large payloads the required SINR may limit simultaneous transmission of CSI and HARQ-ACK on Format 3 to only a few UEs. Alternatively, it was suggested in e.g. [1] to configure a UE for either A/N bundling or partial CSI feedback in order to satisfy a specified maximum PUCCH payload. In our view the PUCCH enhancement should the same HARQ-ACK payload with/without a concurrent CSI report. Moreover, it is up to the eNB to determine whether a particular UE is a good candidate for simultaneous transmission of CSI and HARQ-ACK. Otherwise, the UE should follow the Rel-10 rules for CSI/HARQ-ACK collision.
Proposal 2: When CSI and HARQ-ACK are simultaneously transmitted on PUCCH Format 3, HARQ-ACK spatial bundling and/or time-domain bundling are used in the same way as the case where only HARQ-ACK is transmitted on PUCCH Format 3.
2.3. Resolving RI/PTI Ambiguity Issue
For several PUCCH reporting types, the CSI payload size is conditioned on a previously reported rank indication (RI). Therefore, if RI is erroneously decoded by the eNB, the HARQ-ACK performance could be severely degraded as shown in [2]. One solution mentioned in [3] is to assume the maximum possible CSI payload given variable RI reports to ensure that there is no ambiguity in the total payload size. 
Consider an example for wideband CQI/PMI reporting (PUCCH Type 2) in Table 5.2.3.3.1-2 of TS 36.212 (reproduced below)

Table 1 UCI Fields for wideband CQI/PMI reports for TMs 4, 5, 6 and 8 (with PMI/RI reporting) 

	Field
	Bit width

	
	2 antenna ports
	4 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1

	Wide-band CQI
	4
	4
	4
	4

	Spatial differential CQI
	0
	3
	0
	3

	Precoding matrix indicator
	2
	1
	4
	4


It can be seen that for 2 antenna ports 6 or bits are transmitted for RI = 1 or 2 respectively. While always transmitting 8 bits may prevent severe degradation in HARQ-ACK performance, it can be seen that the relative sizes of the spatial differential CQI and PMI fields also change depending on the reported RI. Since there is no CRC for CSI feedback the eNB has no way of knowing whether the RI was correctly received. As such it may simply choose to ignore the spatial differential CQI and PMI fields, which defeats the primary objective of reducing the frequency of dropped CSI reports. Other issues include:

1) Transmitting the maximum CSI payload leads to a larger SINR requirement. For PUCCH type 2 the different is 2or 3 bits for 2 and 4 antenna ports respectively, while for PUCCH Types 2b and 2c the difference could be up to 4 bits. Hence, it can be seen that resolving the RI ambiguity may lead to degradation in HARQ-ACK performance because a larger SINR is required to achieve the same HARQ-ACK performance without multiplexing CSI. 
2) For some cases the maximum CSI payload may result in a total payload size that that is larger than 22 bits. In this case the CSI report is dropped, which again defeats the primary objective of reducing the frequency of dropped CSI reports. 

It should be noted that the importance of RI to subsequent CSI reports is the main reason why RI is strongly protected with low rate coding.
Observation: transmitting the maximum CSI payload size to resolve RI/PTI ambiguity negates the benefits of simultaneous transmission of CSI and HARQ-ACK. Resolution of RI/PTI ambiguity, if necessary, can be left to implementation.
3. Conclusion

This contribution considered outstanding design details needed to fully specify simultaneous transmission of a periodic CSI report with multi-cell HARQ-ACK on PUCCH Format 3. In summary, 
· For a UE that is configured for HARQ-ACK transmission on PUCCH Format 3, in case of collision between a periodic CSI report and HARQ-ACK in a same subframe without PUSCH, if the parameter simultaneousAckNackAndCQI-Format3-r11 provided by higher layers is TRUE
· The periodic CSI report is multiplexed with HARQ-ACK and transmitted on a Format 3 resource that is indicated by ARI detected in a PDCCH. 

· Otherwise if there is no ARI-indicated resource the UE shall follow the Rel-10 multiplexing rules based on the status of simultaneousAckNackAndCQI
· UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b if simultaneousAckNackAndCQI = TRUE; otherwise the UE shall drop CSI.

· When CSI and HARQ-ACK are simultaneously transmitted on PUCCH Format 3, HARQ-ACK spatial bundling and/or time-domain bundling are used in the same way as the case where only HARQ-ACK is transmitted on PUCCH Format 3.
· Transmitting the maximum CSI payload size to resolve RI/PTI ambiguity negates the benefits of simultaneous transmission of CSI and HARQ-ACK. Resolution of RI/PTI ambiguity, if necessary, can be left to implementation.
.
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