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1. Introduction
In RAN #AH1801 meeting, there was discussion on multiplexing of HARQ-ACK and SR especially for the case when PUCCH resources for HARQ-ACK and SR are overlapped in time and have different durations and/or starting symbols [1]. In this contribution, we provide our view on multiplexing between HARQ-ACK and SR or HARQ-ACK/SR and CSI.

2. Discussion
2.1. Multiplexing of HARQ-ACK and SR
In order to multiplex HARQ-ACK and SR, consideration must be given to a method of handling the SR transmission when a positive SR occurs after UE starts encoding for HARQ-ACK. Assume that HARQ-ACK has priority over the SR. If a positive SR occurs before HARQ-ACK encoding, UE can multiplex HARQ-ACK and SR and can transmit the multiplexed UCI using a single PUCCH resource. Otherwise, UE can perform HARQ-ACK transmission only by dropping SR. However, in NR system, SR transmission requesting ultra-low latency may exist for the purpose of supporting a service type such as URLLC, and the SR transmission may have a higher priority than HARQ-ACK. As described above, there can be cases where SR has priority over HARQ-ACK. In these cases, if a positive SR occurs before HARQ-ACK encoding, UE can transmit the multiplexed UCI using a single PUCCH resource. Otherwise, UE may drop the HARQ-ACK transmission and transmit SR only. If a UE follows this multiplexing rule, it would be preferable that the priority between the HARQ-ACK and the SR is adjustable by the gNB. For example, the following options can be considered for determining relative priority between HARQ-ACK and SR.
(1) Opt. 1: The relative priority is configured by RRC signalling
(2) Opt. 2: The relative priority is determined according to the value of the SR periodicity
(3) Opt. 3: The relative priority is determined by the comparison between PDSCH-to-HARQ-ACK timing and the SR periodicity
For example, for Opt 2, UE can consider that SR has higher priority than HARQ-ACK if the SR period is less than a specific value, and otherwise it can assume that HARQ-ACK has higher priority than SR. As another example, for Opt. 3, UE can consider that SR has higher priority than HARQ-ACK if the SR period is smaller than the (minimum) PDSCH-to-HARQ-ACK timing configured for the UE. Otherwise, it can assume that HARQ-ACK has higher priority than SR.
Figure 1-(a) shows the case when the priority between HARQ-ACK and SR is determined as Opt. 3 where the SR period is shorter than the (min.) PDSCH-to-HARQ-ACK timing, and thus SR has higher priority. Therefore, in this case, a positive SR may occur after start of HARQ-ACK encoding. Hence, UE may omit HARQ-ACK transmission and transmit SR only. Furthermore, if a positive SR occurs during HARQ-ACK transmission, UE can stop HARQ-ACK transmission and start SR transmission.
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Figure 1. Multiplexing of HARQ-ACK and SR

Figure 3-2 (b) and (c) show the case when the priority between HARQ-ACK and SR is determined as Opt. 3 where the SR period is longer than the (min.) PDSCH-to-HARQ-ACK timing, and thus HARQ-ACK has  higher priority. In this case, if a positive SR occurs before HARQ-ACK encoding starts, UE can transmits multiplexed HARQ-ACK and SR on a single PUCCH resource, otherwise the SR is delayed to the next SR period and only HARQ-ACK is transmitted by the UE. It should be noted that the (min.) PDSCH-to-HARQ-ACK timing is used as a reference because it corresponds to the last DL scheduling timing within the bundling window corresponding to the HARQ-ACK multiplexing in a same slot for the UE. That is, the gNB can expect the UE to detect PDSCHs until the end of the bundling window and then start encoding for the HARQ-ACK.
Proposal #1: When PUCCH resources for HARQ-ACK and SR are overlapped in time,
· If a positive SR occur no later than the start of HARQ-ACK encoding,
· UE transmits the multiplexed HARQ-ACK and SR on a single PUCCH resource
· If a positive SR occur later than the start of HARQ-ACK encoding,
· UE transmits one of HARQ-ACK and SR having higher priority while dropping/stopping the other transmission
Proposal #2: Relative priority between HARQ-ACK and SR can be determined by one of the following options.
· Opt. 1: The relative priority is configured by RRC signalling
· Opt. 2: The relative priority is determined according to the value of the SR periodicity
· Opt. 3: The relative priority is determined by the comparison between PDSCH-to-HARQ-ACK timing and the SR periodicity

Moreover, the single PUCCH resource to transmit HARQ-ACK and (positive) SR (e.g., green one in the Figure 1) can be defined as follows according to the PUCCH format of the PUCCH resource for each of HARQ-ACK and SR (denoted as AN PUCCH and SR PUCCH hereafter).
(1) Case 1: AN PUCCH F2/3/4 and SR PUCCH F0/1
· AN PUCCH resource is used for multiplexed HARQ-ACK and SR transmission.
· SR bit(s) are appended to HARQ-ACK.
(2) Case 2: AN PUCCH F0 and SR PUCCH F0/1 (or AN PUCCH F0/1 and SR PUCCH F0)
· AN PUCCH resource with increased cyclic shift by one is used for HARQ-ACK transmission.
· Positive SR is represented by the cyclic shift increment.
(3) Case 3: AN PUCCH F1 and SR PUCCH F1
· SR PUCCH resource is used for HARQ-ACK transmission.
· Positive SR is represented by selecting SR PUCCH for UCI transmission.
For the case 2, if there are multiple SR processes, multiple PUCCH resources corresponding to the multiple SR processes can be defined by increasing CS/OCC/PRB index of AN PUCCH. And then, one of the PUCCH resources can be selected depending on which SR process corresponds to the positive SR. For the case 3 (e.g., AN PUCCH F1 and SR PUCCH F1), in order to prevent the UE processing time for HARQ-ACK encoding from being reduced when HARQ-ACK information is transmitted on SR PUCCH, the UCI multiplexing can be performed only when SR PUCCH have the same or later starting symbol than the AN PUCCH. Otherwise, one of SR or HARQ-ACK transmission may be omitted according to the priority.
Proposal #3: For the PUCCH resource to transmit multiplexed HARQ-ACK and SR, the following can be considered.
· Case 1: AN PUCCH F2/3/4 and SR PUCCH F0/1
· AN PUCCH resource is used for multiplexed HARQ-ACK and SR transmission.
· SR bit(s) are appended to HARQ-ACK.
· Case 2: AN PUCCH F0 and SR PUCCH F0/1 (or AN PUCCH F1 and SR PUCCH F0)
· AN PUCCH resource with increased cyclic shift by one is used for HARQ-ACK transmission.
· Positive SR is represented by the cyclic shift increment.
· Case 3: AN PUCCH F1 and SR PUCCH F1
· SR PUCCH resource is used for HARQ-ACK transmission.
· Positive SR is represented by selecting SR PUCCH for UCI transmission.

2.2. Multiplexing of HARQ-ACK/SR and CSI
If PDSCH corresponding to HARQ-ACK is a DL assignment-based PDSCH, HARQ-ACK/SR and CSI can be multiplexed on the AN PUCCH. Therefore, when PUCCH resources to be transmitted for HARQ-ACK/SR and CSI are overlapped on the time axis, a simple solution is that UE always transmits HARQ-ACK/SR and CSI by UCI multiplexing with a single PUCCH resource (e.g., AN PUCCH) with changes on the CSI reference resource to guarantee UE processing time for HARQ-ACK. For example, if CSI reference resource for CSI-only transmission is later than the start time of HARQ-ACK encoding for HARQ-ACK only case, and if the HARQ-ACK and the CSI (e.g., CSI part 1) are jointly encoded after the CSI calculation, UE may not able to finish HARQ-ACK encoding before the PUCCH transmission due to potential waiting time for CSI calculation. Therefore, we propose to multiplex/transmit HARQ-ACK and CSI on a single PUCCH with modification on the CSI reference resource so that it exists before the (min.) PDSCH-to-HARQ-ACK timing from the PUCCH resource to transmit the multiplexed UCI.
Proposal #4: When PUCCH resources for HARQ-ACK/SR and CSI are overlapped in time,
· HARQ-ACK and CSI are always multiplexed and transmitted on a single PUCCH resource.
· CSI reference resource can be defined to exist before (min.) PDSCH-to-HARQ-ACK timing (e.g., K1 or N1) from the PUCCH transmission.

3. Conclusion
In this contribution, we discussed the multiplexing between HARQ-ACK and SR or HARQ-ACK/SR and CSI and the following proposals were made:
Proposal #1: When PUCCH resources for HARQ-ACK and SR are overlapped in time,
· If a positive SR occur no later than the start of HARQ-ACK encoding,
· UE transmits the multiplexed HARQ-ACK and SR on a single PUCCH resource
· If a positive SR occur later than the start of HARQ-ACK encoding,
· UE transmits one of HARQ-ACK and SR having higher priority while dropping/stopping the other transmission
Proposal #2: Relative priority between HARQ-ACK and SR can be determined by one of the following options.
· Opt. 1: The relative priority is configured by RRC signalling
· Opt. 2: The relative priority is determined according to the value of the SR periodicity
· Opt. 3: The relative priority is determined by the comparison between PDSCH-to-HARQ-ACK timing and the SR periodicity
Proposal #3: For the PUCCH resource to transmit multiplexed HARQ-ACK and SR, the following can be considered.
· Case 1: AN PUCCH F2/3/4 and SR PUCCH F0/1
· AN PUCCH resource is used for multiplexed HARQ-ACK and SR transmission.
· SR bit(s) are appended to HARQ-ACK.
· Case 2: AN PUCCH F0 and SR PUCCH F0/1 (or AN PUCCH F1 and SR PUCCH F0)
· AN PUCCH resource with increased cyclic shift by one is used for HARQ-ACK transmission.
· Positive SR is represented by the cyclic shift increment.
· Case 3: AN PUCCH F1 and SR PUCCH F1
· SR PUCCH resource is used for HARQ-ACK transmission.
· Positive SR is represented by selecting SR PUCCH for UCI transmission.
Proposal #4: When PUCCH resources for HARQ-ACK/SR and CSI are overlapped in time,
· HARQ-ACK and CSI are always multiplexed and transmitted on a single PUCCH resource.
· CSI reference resource can be defined to exist before (min.) PDSCH-to-HARQ-ACK timing (e.g., K1 or N1) from the PUCCH transmission.
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