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1. Introduction

In RAN1#NR Ad-Hoc, RAN1#88, and RAN1#88bis, the following agreements were made related with UL control channel for NR [1-3].

	Agreements:
· For PUCCH in long-duration,

· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
Agreements:

· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
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 discuss and provide our view on how to efficiently support the multiplexing between long duration NR-PUCCH and other UL channels/signals for NR.
2. Multiplexing between long PUCCH and UL data/SRS

For the case with both long PUCCH and UL data for a same UE within a slot, the multiplexing method between long PUCCH and UL data can be determined based on the waveform used for UL data. If DFT-s-OFDM is applied for UL data, UCI (configured to be transmitted on long PUCCH) piggyback on UL data channel can be considered as baseline, and simultaneous transmission of long PUCCH and UL data can be considered as UE capability and can be configurable by gNB as in LTE. On the other hand, CP-OFDM is applied for UL data, simultaneous long PUCCH and UL data transmission can be considered as a default UE behaviour, and UCI piggyback on UL data channel can be configurable by gNB.
For the case with resource overlapping between long PUCCH and SRS for a same UE within a slot, the symbol level rate-matching of long PUCCH (e.g. like shortened PUCCH format in LTE) or dropping of SRS can be considered.
Proposal #1: For the case with both long PUCCH and UL data for a same UE, different default UE behaviour (between UCI piggyback on UL data and simultaneous UCI/UL data transmission) can be considered according to the waveform applied for UL data.
Proposal #2: For the case with resource overlapping between long PUCCH and SRS for a same UE, symbol level rate-matching of long PUCCH or dropping of SRS can be considered. 
3. Multiplexing between long PUCCH and long/short PUCCH

According to the agreements in RAN1#88bis meeting, TDM between long PUCCH and short PUCCH is supported for the same UE within a slot. In this case, if those two PUCCHs are transmitted with different transmit power, PUCCH performance degradation can be expected due to the impact of power transient period. To figure out this problem, it can be considered to set the power transient period to be absorbed in one of the two long PUCCHs (e.g. in long PUCCH).

Furthermore, FDM between long PUCCH and short PUCCH can be supported for the same UE in a slot, for example, considering the situation that HARQ-ACK feedback on short PUCCH is indicated after long PUCCH is allocated in the same slot for CSI report. Figure 1 depicts an example of FDM between long PUCCH and short PUCCH in a slot, where 11-symbol long PUCCH is constructed by combining PUCCH resource units (PRUs) as explained in our companion paper [4]. On top of supporting the simultaneous transmission of two short PUCCHs, dropping of one PUCCH (e.g. depending on UCI type) or symbol level rate-matching of long PUCCH (e.g. like shortened LTE PUCCH format) can be considered for power limited case or based on UE capability.

Regarding TDM multiplexing between two long PUCCHs for the same UE in a slot, it requires further discussion on the necessity and motivation or practical use case (e.g. in which case TDMed two long PUCCHs in a slot would be necessary for the same UE). For FDM case such as the collision of long PUCCHs in the same slot, UE may combine UCIs and transmit the UCI on one of the collided long PUCCHs to preserve low PAPR (similar to LTE UE behaviour).
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Figure 1: An example of multiplexing between long NR-PUCCH and short NR-PUCCH in a slot
Porposal#3: Transmission of TDMed or FDMed long PUCCH and short PUCCH in a slot is to be considered in terms of power transient period and power limited situation. 
4. Conclusion
In this contribution, we discussed and provided our view on how to efficiently support the multiplexing between long duration NR-PUCCH and other UL channels/signals for NR, and the followings are proposed: 
Proposal #1: For the case with both long PUCCH and UL data for a same UE, different default UE behaviour (between UCI piggyback on UL data and simultaneous UCI/UL data transmission) can be considered according to the waveform applied for UL data.
Proposal #2: For the case with resource overlapping between long PUCCH and SRS for a same UE, symbol level rate-matching of long PUCCH or dropping of SRS can be considered. 
Porposal#3: Transmission of TDMed or FDMed long PUCCH and short PUCCH in a slot is to be considered in terms of power transient period and power limited situation. 

5. Reference

[1] RAN1#NR Ad-Hoc Chairman’s note
[2] RAN1#88 Chairman’s note
[3] RAN1#88bis Chairman’s note
[4] R1-1707640, “Overall structure of long NR-PUCCH formats,” LG Electronics
_1555436420.vsd
slot


G
P


DL control


DL control


11


12


13


1


UL region


PRU(6)


PRU(5)


2


3


4


5


6


7


8


9


10


0


Short NR-PUCCH



