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1 Introduction
In RAN1 #88bis, UCI multiplexing was discussed with following agreements:

Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

In this contribution, we show our views on the multiplexing of short-UCIs.
Note: This contribution is revised from R1-1715682.
2 Multiplexing of multiple short-PUCCHs
With dynamic HARQ timing, multiple HARQ-ACK bits corresponding to different PDSCHs can be transmitted in one slot for both TDD and FDD, and the total number of HARQ-ACK bits to be transmitted in one slot is variable. Multiplexing of HARQ-ACK bits corresponding different PDSCHs in one PUCCH may lead to inefficient resource allocation for PUCCH. As shown in Figure 1, a PUCCH supporting 3-bit HARQ-ACK is allocated by the DL grant transmitted in slot 0, even no other PDSCH is scheduled in slot 1 and slot 2. 
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Figure 1: Inefficient resource allocation for dynamic HARQ timing

Furthermore, for URLLC transmission, multiplexing of HARQ-ACK bits corresponding different URLLC PDSCHs in one PUCCH is not preferred, since the large delay of HARQ-ACK feedback, as shown in Figure 2. 
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Figure 2: HARQ-ACK feedback for URLLC
In order to avoid the above problems, separated PUCCHs should be used to transmit HARQ-ACK bits corresponding to different PDSCHs as much as possible. Therefore, we propose that multiplexing of more than 2 short-PUCCHs in TDM manner should be supported.

Observation 1: Separated PUCCHs should be used to transmit HARQ-ACK bits corresponding to different PDSCHs as much as possible.
In RAN1 #90, the following agreements were approved for SR transmission:

· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)

· Working assumptions:

· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
To support the SR configuration with a periodicity of up to 4 OFDM symbols, more than 2 short-PUCCHs should be multiplexed in one slot in TDM manner.
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Figure 3: More than 2 SR configurations in one slot
Proposal 1: Multiplexing of more than 2 short-PUCCHs in TDM manner should be supported.
3 Conclusions
In this contribution, we show our views on the multiplexing of short-UCIs and the multiplexing of short-UCI and UL data with following observation and proposals:
Observation 1: Separated PUCCHs should be used to transmit HARQ-ACK bits corresponding to different PDSCHs as much as possible.
Proposal 1: Multiplexing of more than 2 short-PUCCHs in TDM manner should be supported.
4 References
[1] R1-1713276, “Multiplexing of short-duration UCI and UL data,” Guangdong OPPO Mobile Telecom.
PAGE  

_1566202105.vsd
�

Slot 0


URLLC 2


URLLC 3


PUCCH


HARQ-ACK


HARQ-ACK


URLLC 1


Slot 1


HARQ-ACK



_1567597175.vsd
文本�

SR


SR


SR


SR


UL slot
(14 OFDM symbols)


SR


SR


SR


SR


SR


SR


SR


P = 4 symbols


P = 2 symbols


�

�


_1566199600.vsd
�

Slot 0


Allocating the PUCCH resource  for 3-bit HARQ-ACK transmission


UL control channel


Slot 1


Slot 2


Slot 3


DL grant


1 HARQ-ACK bit



