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1 Introduction
In the previous meeting, RAN1 discussed the bandwidth of a short PUCCH for 1 or 2 bits. Wider bandwidth than 1 PRB and its corresponding RE mapping remain FFS. In this contribution, we discuss our view about the RE mapping and its advantages.
	Agreements: (RAN1-90)
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.
· Further study 24 or 48 REs.
· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).
· Including comb-structure
· For the sequence length of 12 REs,
· The supported number of base sequences is 30
· The number of cyclic shifts available for one base sequence is 12



2 Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this section, we consider multiplexing short PUCCH and SRS. Some companies prefer the SRS and the PUCCH can be allocated in the different symbols (TDM), while other companies the SRS and the PUCCH can be allocated in the same symbol (FDM, or CDM).
Considering the TDM approach, we can refer to the following agreements. 
	Agreements: (RAN1-89)
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least



We can interpret this in this context as a UL slot has to have N SRS symbols and additional PUCCH symbol(s). In other words, at least N+1 (= 2, 3, 5) symbols can be configured in the TDM approach. If two PUCCH symbols are configured in the same slot, then the serving gNB should ensure that up to N+2 (= 3, 4, 6) symbols should be available. 
Considering FDM or CDM approach, no additional symbols other than N symbols are required to multiplex PUCCH and SRS. In this case, up to 14-N symbols can be used for other purposes such as PDSCH or GP, regardless of the duration of a short PUCCH. In the dynamic TDD system, the serving gNB can have more freedom to assign the slot format with respect to the traffic intensity.
[bookmark: _Ref492774684]Observation 1: When PUCCH and SRS are multiplexed¸ the FDM or the CDM approach requires less symbols than the TDM.
We recall another piece of agreement. This states that a UE can transmit short PUCCH and PUSCH by FDM.
	Agreements: (RAN1-87)
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently

Agreements: (NR adhoc 1)
· For PUCCH in short-duration,
· …
· For a slot having short UL-part (i.e., DL-centric slot):
· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.



Recalling that one symbol PUCCH for 1 or 2 bits will carry HARQ-ACK or SR, those UCI types does not periodically generated. The generation of PUCCH depends on the DL traffic arrival rate and also to the UL traffic arrival rate. This means that even though the serving gNB reserves PUCCH resources, the one symbol PUCCH may not use it at all. In this case, it is desirable to reuse dynamically the PUCCH resource onto PUSCH.
To utilize the PUCCH resource by PUSCH allocation, the serving gNB should acquire the UL CSI by receiving SRS. Thus, the SRS should sweep all subbands in the active BwP, including the configured PUCCH resource pool in the active BwP. The time granularity for frequency hopping determines the UL CSI latency. For example, if two symbol PUCCH is transmitted, then the PUCCH resource stays for at least two symbols in the slot and the SRS resource does not hop for those symbols. Thus, the SRS subband sweeping requires more time as the time granularity for SRS frequency hopping becomes larger. 
However, if the serving gNB allows to multiplex SRS resource and PUCCH resource by CDM or FDM, then the above issue is resolved because the PUCCH frequency hopping can be decouple to the SRS frequency hopping. The latency for UL CSI acquisition can be optimized as fast as the serving gNB wants, e.g., SRS resource of a port per symbol can hop.
[bookmark: _Ref492774689]Observation 2: When PUCCH and SRS are multiplexed, the FDM or the CDM approach requires less latency to acquire UL CSI than the TDM. 
In this context, the WF [1] proposed specific RE mappings for one symbol PUCCH for 1 or 2 bits. The transmission comb of PUCCH can be utilized in various ways. SRS symbol and PUCCH symbol can multiplex in different symbols (TDM), and can multiplex in the same symbol (FDM and/or CDM). The FDM approach can be further classified into PRB-level and tone-level FDM, and we focus on the tone-level FDM in following paragraphs.
Comparing CDM and tone-level FDM, we want to emphasize the sequence perspective. Regarding CDM, the SRS sequence and the PUCCH sequence should be aligned to exploit the sequence property. This may not be possible because the SRS sequence, which will be based on CAZAC, are independently designed with the PUCCH sequence, which will be based on CGS. Even though SRS sequence and PUCCH sequence can be designed jointly in some metrics, the PRBs should be aligned for CDM in terms of starting PRB index and number of PRBs. It is still possible CDM between PUCCH sequences of different formats, i.e., PUCCH for 1 or 2 bits can multiplex PUCCH for 3 bits or more by allocating the same subcarriers indices.
In the case of tone-level FDM, different sequences of different lengths can be allocated with different subcarriers indices. For example, we can assume that SRS sequence is based on CAZAC and PUCCH sequence is based on CGS. In this case, two sequences have poor cross correlation property. Thus, different transmission combs can be configured; even transmission comb is assigned to SRS, and odd transmission comb is assigned to PUCCH. Thus, SRS and PUCCH can multiplex in FDM.
Meanwhile, the wideband SRS is advantageous in terms of latency because the serving gNB can obtain UL CSI of a UL BwP at one SRS reception. It should be supported that UEs with sufficient transmission power are configured to the wideband SRS. The CDM approach may not allow multiplexing because a subsequence of the wideband SRS, which is CAZAC, and the PUCCH, which is CGS, does not align in the frequency domain. However, the tone-level FDM approach allows that the wideband SRS does not intervene a short PUCCH by assigning different transmission combs.
[bookmark: _Ref492774692]Observation 3: When PUCCH and SRS are multiplexed, the tone-level FDM approach allows multiplex different type and length of sequences in the same PRBs.
3 [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Conclusion
In this contribution, we observed the following.
Observation 1: When PUCCH and SRS are multiplexed¸ the FDM or the CDM approach requires less symbols than the TDM.
Observation 2: When PUCCH and SRS are multiplexed, the FDM or the CDM approach requires less latency to acquire UL CSI than the TDM.
Observation 3: When PUCCH and SRS are multiplexed, the tone-level FDM approach allows multiplex different type and length of sequences in the same PRBs.
Based on the observations, we propose the following. 
Proposal 1: Short PUCCH and SRS can multiplex by CDM and/or tone-level FDM, in addition to TDM.
Proposal 2: CDM between different PUCCH formats, and tone-level FDM between SRS and PUCCH are supported.
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