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Introduction
In RAN1 NR Ad-Hoc Meeting [1], a number of agreements were made related to PUCCH resource:
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

· For PUCCH in short-duration,
· At least semi-static configuration for the following is supported.
· A PUCCH resource of a given UE within a slot.
· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.

In this contribution, we provide our views on PUCCH resource allocations for ‘Short PUCCH’.
Short PUCCH Resource Allocation 
The interpretation of the above agreements is that UEs which are configured to simultaneously transmit UCI on the same frequency-time resources (1-2 OFDM symbols) may also be multiplexed in the code domain (e.g., Orthogonal Cover Code). This approach is similar to the legacy LTE system and provides a trade-off between multiplexing capacity and maximum supported UCI payload. For example UEs with larger UCI payloads may use a shorter length spreading code while UEs with smaller UCI payload (e.g., SR, ACK/NACK) may use longer spreading codes for UL control signaling.
One implication of user multiplexing in the code domain is that, in order to maintain orthogonality among the users, UEs with the same OCC length may need to be multiplexed on the same time/frequency resources. Besides, as shown in Figure 1, UEs with different OCC lengths can be multiplexed in a TDM manner which is in line with the recent agreement stating short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot. This approach will ensure UEs using different OCC lengths are still orthogonal. In the example shown in Figure 1, UEs with OCC length=2 are multiplexed on the same time-frequency resources while UEs with OCC length=4 are multiplexed on a different set of time-frequency resources. The OCC length dictates how many UEs can theoretically share the same set of PRBs/OFDM symbols for UCI transmission. 
In the presence of mini-slots, each mini-slot may be configured with a certain OCC length for PUCCH transmission. In this case, the UE may implicitly determine the PUCCH OCC length based on the location of the configured mini-slot within a slot for UCI transmission. 
Proposal 1: For PUCCH in short-duration, 
· UEs with same OCC lengths can be multiplexed on the same time/frequency resources
· UEs with different OCC lengths can be multiplexed in a TDM manner in a slot.




[bookmark: _Ref473618228]Figure 1 User multiplexing for PUCCH with different OCC lengths
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Another issue related to PUCCH resource multiplexing is when multiple UEs are configured to transmit UCI on a variable number of PRBs which may dynamically changes from slot to slot depending on the maximum UCI payload. For example, UEs with larger UCI payloads may be assigned a larger number of PRBs (i.e., ‘Wide PUCCH’) while UEs with smaller UCI payload (e.g., SR, ACK/NACK) may be assigned a small number of PRBs (i.e., ‘Narrow PUCCH’) for UL control signalling. 
In this scenario, ‘Short PUCCHs’ of different UEs can be TDM multiplexed in a slot as shown in Figure 2 (i.e., the ‘Wide PUCCH’ and ‘Narrow PUCCH’ are TDM multiplexed). In this scenario, only UEs with the same PUCCH bandwidth (i.e., number of PRBs allocated to PUCCH) can be multiplexed on the same time-frequency resources. This is to ensure orthogonality among different UEs scheduled to transmit UCI in a slot. 
In the presence of mini-slot, each mini-slot may be configured with a certain number of PRBs for PUCCH transmission. The UE may implicitly determine the PUCCH bandwidth based on the location of the configured mini-slot within a slot for UCI transmission. In this case the UE doesn’t need to be explicitly informed about the PUCCH bandwidth information.
Proposal 2: For PUCCH in short-duration, 
· UEs with the same PUCCH bandwidth can be multiplexed on the same time/frequency resources
· UEs with different PUCCH bandwidth can be multiplexed in a TDM manner in a slot.



[bookmark: _Ref473618271]Figure 2 User multiplexing for PUCCH with different bandwidth

An alternative solution for multiplexing PUCCHs from UEs with different bandwidths on overlapping PRB sets is to use interleaving frequency division multiplexing as shown in Figure 3. This approach is similar to the SRS design in LTE and ensures orthogonality among users with different PUCCH bandwidths is maintained. One advantage of this approach is that in the presence of sounding reference symbols (SRS), PUCCH and SRS can be multiplexed in an interleaving frequency division multiplexing manner. In fact, a short PUCCH spanning one or two symbol duration can be exclusively used for SRS transmission.
Proposal 3: PUCCH in short-duration can be used for SRS transmission.


[bookmark: _Ref473618440]Figure 3 User multiplexing for PUCCH based on interleaving

Summary
In this contribution we discussed PUCCH resource multiplexing when user multiplexing is performed in the code domain as well as the case that PUCCH resources for different UEs have a different bandwith. We summarize our views through the following proposals:
Proposal 1: For PUCCH in short-duration, 
· UEs with same OCC lengths can be multiplexed on the same time/frequency resources
· UEs with different OCC lengths can be multiplexed in a TDM manner in a slot.

Proposal 2: For PUCCH in short-duration, 
· UEs with the same PUCCH bandwidth can be multiplexed on the same time/frequency resources
· UEs with different PUCCH bandwidth can be multiplexed in a TDM manner in a slot.

Proposal 3: PUCCH in short-duration can be used for SRS transmission.
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