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1. Introduction
In RAN #92 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. Priority between HARQ-ACK and SR
In the previous meeting [1], from a high-level viewpoint, the following three options have been discussed for multiplexing between HARQ-ACK and SR with partial overlapping in the time.
· Opt. 1: UE assumes there is no information with respect to MAC/PHY layer priority for the UCI transmission on PUCCH.
· Opt. 2: UE assumes there is information with respect to PHY layer priority for the UCI transmission on PUCCH.
· Opt. 3: UE assumes there is information with respect to MAC layer priority for the UCI transmission on PUCCH.
At first, Opt. 3 may not be desirable since it would not be feasible to use MAC layer information at the PHY layer in terms of UE implementation. In case of Opt. 2, it seems to be controversial to determine the priority between HARQ-ACK and SR using only physical layer information. For example, even if the transmission length of the PUCCH resource for HARQ-ACK is longer than the SR period, it is hard to say that the HARQ-ACK has always lower priority than the SR as proposed in [1] since the HARQ-ACK payload can contain HARQ-ACK bit(s) for URLLC and/or can correspond to large number of PDSCHs. From our perspective, it may be difficult to make a concrete solution with Opt. 2 due to the limited time for Rel-15 NR. Therefore, we prefer to adopt Opt. 1 and to discuss further improvements (for URLLC) in future releases.
Proposal #1: In Rel-15 NR, UE assumes there is no information with respect to MAC/PHY layer priority for the UCI transmission on PUCCH.

2.2. Multiplexing of HARQ-ACK and SR
In the correction for TS38.213 [2], it was captured to use the same UCI multiplexing rule, which is applied when PUCCH resource for HARQ-ACK (denoted as ‘A/N PUCCH’ hereafter) and PUCCH resource for SR (denoted as ‘SR PUCCH’ hereafter) are completely overlapped in time, even for the case when starting symbols of A/N PUCCH and SR PUCCH are aligned. For the case when A/N PUCCH and SR PUCCH have different starting symbols, it was proposed to determine whether to multiplex HARQ-ACK and SR based on comparison of the starting symbols between A/N PUCCH and SR PUCCH [1]. For example, if the starting symbol of SR PUCCH precedes the starting symbol of A/N PUCCH, UE can transmit SR PUCCH and omit HARQ-ACK transmission while if the starting symbol of A/N PUCCH precedes the starting symbol of SR PUCCH, UE can multiplex SR and HARQ-ACK and transmit the multiplexed UCI in a single PUCCH resource. However, this solution is not desirable since it would cause excessive/unnecessary dropping of HARQ-ACK transmission even if UE has sufficient processing time for UCI (e.g., HARQ-ACK and SR) multiplexing. As another solution, it can be considered to specify the point at which the UE can decide whether to transmit SR only or multiplex HARQ-ACK and SR as below, where Tproc,1 is the UE PDSCH processing procedure time which is defined in [3]..
· If A/N PUCCH is indicated by PDCCH/PDSCH(s) received up to Tproc,1 before the start of SR PUCCH and the A/N PUCCH overlaps partially with the SR PUCCH
· If A/N PUCCH is PUCCH format 0/2/3/4, the UE transmits HARQ-ACK and SR using the same UCI multiplexing rule for the HARQ-ACK and SR with same starting and ending symbols
· If A/N PUCCH is PUCCH format 1,
· If SR PUCCH is PUCCH format 1, the UE transmits HARQ-ACK and SR using the same UCI multiplexing rule for the HARQ-ACK and SR with same starting and ending symbols
· If SR PUCCH is PUCCH format 0, the UE transmits only HARQ-ACK by using the A/N PUCCH
· Otherwise
· If SR is positive, the UE transmits only SR by using the SR PUCCH
· If SR is negative, the UE transmits HARQ-ACK by using the A/N PUCCH
Figure 1-(a) and Figure 1-(b) below illustrate how the UCI multiplexing rule is applied when A/N PUCCH is PUCCH format 0/2/3/4 and when both A/N PUCCH and SR PUCCH are PUCCH format 1, respectively. As depicted in the Figure 1-(a)/(b), the UCI multiplexing rule have three benefits. Firstly, since the UE can clearly determine whether to transmit SR only or HARQ-ACK and SR by UCI multiplexing at Tproc,1 before the start of the SR PUCCH transmission, it make UE implementation easier. Secondly, it allows HARQ-ACK and SR to be multiplexed in most cases since HARQ-ACK and SR can be multiplexed onto a single PUCCH resource regardless of the relationship of starting symbols for PUCCH resources for HARQ-ACK and SR if the PDSCH(s) corresponding to HARQ-ACK PUCCH are only received up to Tproc,1 before the start of SR PUCCH. Finally, the same UCI multiplexing rule can be applied even for the case when A/N PUCCH and SR PUCCH are PUCCH format 1 since it guarantees minimum PDSCH-to-HARQ-ACK timing when HARQ-ACK and SR are transmitted on SR PUCCH.
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(a) A/N PUCCH by PUCCH format 0/2/3/4
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(b) A/N PUCCH by PUCCH format 1 & SR PUCCH by PUCCH format 1
Figure 1. Example of UCI multiplexing rule for HARQ-ACK and SR with partial overlapping
Proposal #2: When PUCCH resources for HARQ-ACK and SR are partially overlapped in time, the following UCI multiplexing rule is applied.
· If A/N PUCCH is indicated by PDCCH/PDSCH(s) received up to Tproc,1 before the start of SR PUCCH and the A/N PUCCH overlaps partially with the SR PUCCH
· If A/N PUCCH is PUCCH format 0/2/3/4, UE transmits HARQ-ACK and SR using the same UCI multiplexing rule for the case with same starting/ending symbols
· If A/N PUCCH is PUCCH format 1,
· If SR PUCCH is PUCCH format 1, UE transmits HARQ-ACK and SR using the same UCI multiplexing rule for the case with same starting/ending symbols
· If SR PUCCH is PUCCH format 0, the UE transmits only HARQ-ACK by using the A/N PUCCH
· Note: Tproc,1 is the UE PDSCH processing time which is defined in TS38.214.
· Otherwise
· If SR is positive, the UE transmits only SR by using the SR PUCCH
· If SR is negative, the UE transmits HARQ-ACK by using the A/N PUCCH

2.3. Multiplexing of HARQ-ACK/SR and CSI
If PDSCH(s) corresponding to HARQ-ACK is a DL assignment-based PDSCH, HARQ-ACK/SR and CSI can be multiplexed on the A/N 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., A/N 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 #3: 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 the multiplexing between HARQ-ACK/SR and CSI, and the followings are proposed:
Proposal #1: In Rel-15 NR, UE assumes there is no information with respect to MAC/PHY layer priority for the UCI transmission on PUCCH.
Proposal #2: When PUCCH resources for HARQ-ACK and SR are partially overlapped in time, the following UCI multiplexing rule is applied.
· If A/N PUCCH is indicated by PDCCH/PDSCH(s) received up to Tproc,1 before the start of SR PUCCH and the A/N PUCCH overlaps partially with the SR PUCCH
· If A/N PUCCH is PUCCH format 0/2/3/4, UE transmits HARQ-ACK and SR using the same UCI multiplexing rule for the case with same starting/ending symbols
· If A/N PUCCH is PUCCH format 1,
· If SR PUCCH is PUCCH format 1, UE transmits HARQ-ACK and SR using the same UCI multiplexing rule for the case with same starting/ending symbols
· If SR PUCCH is PUCCH format 0, the UE transmits only HARQ-ACK by using the A/N PUCCH
· Note: Tproc,1 is the UE PDSCH processing time which is defined in TS38.214.
· Otherwise
· If SR is positive, the UE transmits only SR by using the SR PUCCH
· If SR is negative, the UE transmits HARQ-ACK by using the A/N PUCCH
Proposal #3: 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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