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1 Introduction

In RAN1#88 and RAN1#88bis, the following agreements for PUCCH multiplexing in one slot were made in [1] [2].
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot

· 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 will discuss the multiplexing methods between PUCCHs for the same UE and different UEs. For the same UE, the detail pattern designs of PUCCH multiplexing in one slot are given. For different UEs, detail pattern designs of PUCCH multiplexing also are discussed.
2 Multiplexing between PUCCHs for the same UE
In RAN1#88bis [2], it has been agreed to support two short-PUCCHs can be transmitted from one UE on the same slot in TDM manner. The case is if the UE supports two beams for UL transmission, the UE can transmit the UCI in one short-PUCCH using one beam and transmit the same UCI in the other short-PUCCH using the other beam. This can increase the transmission diversity. As short-PUCCH can occupy one or two OFDM symbol(s), the two short-PUCCHs with multiplexing can have 3 potential patterns at least for 14-symbol slot, including two for one-symbol short-PUCCH or two for two-symbol short-PUCCH or one for two-symbol short-PUCCH and the other for one-symbol short-PUCCH, as shown in Figure 1. The two short-PUCCHs can transmit the same UCI or different UCIs, for example, one symbol short-PUCCH can transmit the UE’s ACK/NACK, the other two symbols short-PUCCH can transmit UE’s CSI feedback. 

[image: image1.emf]UL resource

(b) two 

2 symbols short-PUCCHs

Short-PUCCH

(a) two 

1 symbol short-PUCCHs 

(d) 

1 symbol short-PUCCH and 2 symbols short-PUCCH 

(c) 

2 symbols short-PUCCH and 1 symbol short-PUCCH 

1 1 2 2

2 1

1 2


Figure 1. The patterns for two short-PUCCHs multiplexing
Proposal 1: Two short NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner, and the following combinations can be supported at least for 14-symbol slot.
· Both of two short NR-PUCCHs can be one symbol short-PUCCH.
· Both of two short NR-PUCCHs can be two symbols short-PUCCH.
· One of two short NR-PUCCHs can be one symbol short-PUCCH, the other short NR-PUCCH can be two symbol short-PUCCH.
If a UE supports more than two beams for UL transmission, more than two short-PUCCHs transmitted from one UE on the same slot in TDM manner can be supported. But for mini-slot, there is a few number of symbols in one mini-slot. So UE may not support more than two short-PUCCHs transmitted on the same mini-slot in TDM manner.

Proposal 2: If UE supports more than two beams for UL transmission, more than two short-PUCCHs can be multiplexed in one slot for one UE

· FFS: the number of multiple short PUCCHs for one UE in one slot

· FFS: for mini-slot case

In RAN1#88bis [2], it has been agreed to support one long-PUCCH and one short-PUCCH can be transmitted from one UE on the same slot in TDM manner. The mainly case is if the UE needs to transmit both a large payload UCI, e.g., CSI feedback, and a small payload UCI, e.g., HARQ ACK/NACK, in one slot, the UE can transmit the large payload UCI in the long PUCCH and transmit the small payload UCI in the short PUCCH, as shown in Figure 2(a). This can decrease the latency for HARQ transmission. For scheduling flexibility, the FDM manner of one long-PUCCH and one short-PUCCH multiplexing for one UE on the same slot also can be supported, as shown in Figure 2(b). The detail design to reduce the impact of inband emission needs to be considered.
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Figure 2. The patterns for long-PUCH and short-PUCCH multiplexing for one UE
Proposal 3: The FDM manner of one long-PUCCH and one short-PUCCH multiplexing for one UE on the same slot can be considered.
· FFS: The detail design to reduce the impact of inband emission

For the case of multi-beam transmission, if a UE supports two beams for UL transmission in one slot, the UE can transmit the UCI in one long-PUCCH using one beam and transmit the same UCI in the other long-PUCCH using the other beam to improve beam diversity. Moreover, for the case of mini-slot transmission, if a UE supports UL transmission in multiple mini-slots within one slot, the UE can transmit a UCI in one long-PUCCH within one mini-slot and transmit another UCI in the other long-PUCCH within the other mini-slot. Therefore, two long-PUCCHs transmitted from one UE on the same slot in TDM manner can be considered in RAN1.

Proposal 4: Two long-PUCCHs transmitted from one UE on the same slot in TDM manner can be considered.
3 Multiplexing between PUCCHs for different UEs
For multiplexing between PUCCHs for different UEs, in RAN1#88[1], it has been agreed to support both TDM and FDM between short-PUCCH and long-PUCCH for different UEs in one slot, as shown in Figure 3. During one slot, UE1 transmits its UCI in the long-PUCCH and UE2 transmits its UCI in the short-PUCCH.
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Figure 3. The patterns for long-PUCH and short-PUCCH multiplexing for different UEs
In RAN1#88bis, it was agreed that two short-PUCCHs in TDM manner transmitted for the same UE on the same slot is supported. Therefore, different UEs can also occupy different short-PUCCHs in TDM manner on the same slot to transmit its UCI. Moreover, if two long-PUCCHs transmitted for the same UE on the same slot in TDM manner is supported, two long-PUCCH for different UEs on the same slot in TDM manner is straightforward to be supported.
Proposal 5: Two NR-PUCCHs can be transmitted from different UEs on the same slot in TDM manner
· The two NR-PUCCHs can be short-PUCCH
· The two NR-PUCCHs can be long-PUCCH
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH (already agree in RAN1#87)
4 Conclusions
In this contribution, we have the following proposals: 
Proposal 1: Two short NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner, and the following combinations can be supported at least for 14-symbol slot.
· Both of two short NR-PUCCHs can be one symbol short-PUCCH.
· Both of two short NR-PUCCHs can be two symbols short-PUCCH.
· One of two short NR-PUCCHs can be one symbol short-PUCCH, the other short NR-PUCCH can be two symbol short-PUCCH.
Proposal 2: If UE supports more than two beams for UL transmission, more than two short-PUCCHs can be multiplexed in one slot for one UE

· FFS: the number of multiple short PUCCHs for one UE in one slot

· FFS: for mini-slot case

Proposal 3: The FDM manner of one long-PUCCH and one short-PUCCH multiplexing for one UE on the same slot can be considered.

· FFS: The detail design to reduce the impact of inband emission

Proposal 4: Two long-PUCCHs transmitted from one UE on the same slot in TDM manner can be considered.
Proposal 5: Two NR-PUCCHs can be transmitted from different UEs on the same slot in TDM manner
· The two NR-PUCCHs can be short-PUCCH

· The two NR-PUCCHs can be long-PUCCH
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH (already agree in RAN1#87)
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