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1 Introduction

This contribution discusses remaining design aspects on short PUCCH (PUCCH format 0 and 2).  
2 SR transmission
In order to support various verticals, gNB can configure M SRs for a UE. Then, depending on the period and offset for each of the M SRs, there can be K SRs overlapped in a same time position with other UCI (HARQ-ACK and/or CSI), 0<K<=M. For SR and other UCI multiplexing, the following were agreed in last meetings.
For the case with 1 or 2 bits HARQ-ACK and K=1 SR, if PUCCH format 0 is used, 2 or 4 cyclic shifts derived from an initial cyclic shift (e.g. indicated by ARI) is used to transmit 1 or 2 bits HARQ-ACK in case negative SR; while the other 2 or 4 cyclic shifts derived from the initial cyclic shift indicated by ARI is used to transmit 1 or 2 bits HARQ-ACK in case positive SR. For PUCCH format 1, PUCCH format 1 resource indicated by ARI or configured for HARQ-ACK is used to transmit 1 or 2 bits HARQ-ACK with negative SR; while PUCCH format 1 resource configured for SR is used to transmit 1 or 2 bits HARQ-ACK with positive SR. 

For the case when PUCCH format 2, 3, 4 resource is derived for UCI transmission, e.g. indicated by ARI, the K SR is represented by X=ceil(log2(K+1)) bits and appended to HARQ-ACK and/or followed by CSI. However, it is not clear how such PUCCH format 2, 3, 4 resource is derived. One straightforward case is that, if there are more than 2 bits HARQ-ACK, PUCCH format 2, 3, 4 is used. 

Then, an open issue is how to transmit 1 or 2 bits HARQ-ACK together with K>1 SR. It could be based on PUCCH format 0 or 1, or based on PUCCH format 2, 3, or 4.We discuss PUCCH format 0 first. Several options are proposed in last RAN1 meeting and are briefly analyzed in the following

Option 0-1: To transmit K SR by allocating 4*(K+1) sequences (by more cyclic shifts and/or PRBs)

For L = 1 or 2 bits HARQ-ACK and single SR, ARI in DCI is used to indicate an initial cyclic shift which then derives 4 or 8 cyclic shifts to carry 2 or 3 UCI bits. By a direction extension of the scheme, the number of sequences required is up to 4x9=36 (effective information less than 6 bits) for HARQ-ACK + SR transmission, since up to K=8 SR may overlap in a same slot. Consequently, the number of required PRB is up to 3 PRBs. It is questionable on the link performance for a detection of 36 sequences. 

A variation is to support up to K=2 SR by this scheme. If K>2, the two SR with highest priority are selected while all other SR dropped. However, is not good for uplink transmission due to SR dropping. Such variation requires one PRB for UCI multiplexing. It is questionable on the link performance for a detection of 12 sequences. In fact, assuming PUCCH format 2 with only one OFDM symbol and one PRB, the coding rate for transmission of 2bit HARQ-ACK + k=8 SR is 6/(8*2)=0.375, which is lower enough for a robust transmission. 

One more drawback is option 0-1 results in additional complexity for UE/gNB implementation. 

Option 0-2: logical “OR” over all K SR to get a bundled SR
A merit for this proposal is to reuse what has be agreed for carrying 1 or 2 bits HARQ-ACK plus K=1 SR on PUCCH format 0. However, one obvious drawback is it losses the capability to differentiate which SR among K SR currently is positive. This violates the early intention of introducing more than one SR. 

Option 0-3: Relying on PUCCH format 2, 3, 4
As discuss above, PUCCH format 2 with only one OFDM symbol and one PRB can support robust transmission of 1 or 2 bits HARQ-ACK plus K>1 SR. It is already supported by currently specification, so there is no additional complexity for UE/gNB implementation. Even from specification point of view, option 0-3 is simpler since it maintains a general principle, i.e. PUCCH resource set is selected by total number of UCI bits. On the contrary, if option 0-1 or 0-2 is used, one more exception case needs to be added. 

For the transmission of 1 or 2 bits HARQ-ACK together with K>1 SR, assuming PUCCH format 1, two options are under discussion. 
Option 1-1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource; while, in case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR. 
This scheme is an extension to existing scheme transmitting 1 or 2 bits HARQ-ACK together with K=1 SR by PUCCH format 1. Assuming K=8 SR, gNB will have to perform a detection on 9 PUCCH resource 1 resources which is never evaluated hence performance is questionable. In LTE, channel selection only use up to 4 PUCCH format 1b resources. LTE PUCCH format 3 is verified to have better performance if larger payload needs to be transmitted. Similarly, PUCCH format 2, 3, 4 based on joint coding must have better performance than up to 9 channels based channel selection. One more drawback is the overlapped constellation point between {DTX, positive SR} and {NACK or (NACK, NACK), positive SR}. Such confusion is avoided in a PUCCH format 2, 3, 4 based schemes. 
Option 1-2: Relying on PUCCH format 2, 3, 4
All the discussion motivate option 1-2, i.e. transmission of 1 or 2 bits HARQ-ACK together with K>1 SR by PUCCH format 2, 3, 4. One more benefit for option 1-2 is that it can align the operation for the case of 1 or 2 bits HARQ-ACK together with K>1 SR. 

Proposal 1: 

· PUCCH format 2 or 3 or 4 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. 

3 UCI multiplexing in case of HARQ-ACK on F0 and SR on F1 
When a HARQ-ACK resource with PUCCH format 1 collides with a SR resource with PUCCH format 0, the following UE behavior was agreed in last RAN1 meeting: 
Agreements:
· When HARQ-ACK PUCCH resource with PUCCH F1 overlaps with SR PUCCH resource with PUCCH F0 with the same starting symbol in a slot,

· The UE transmits only HARQ-ACK in the HARQ-ACK PUCCH resource ( i.e the UE does not transmit SR if it is positive). 

One remaining issue is about a UE behavior when a HARQ-ACK resource with PUCCH format 0 collides with a SR resource with PUCCH format 1. There are two alternatives for it. The first alternative is to apply the existing UE procedure when a HARQ-ACK resource with PUCCH format 0 collides with a SR resource with PUCCH format 0. Then, the UE can transmit both HARQ-ACK and SR using PUCCH format 0 with additional cyclic shift value for positive SR. The second alternative is to follow similar way as the above agreement. That is, UE transmits only HARQ-ACK in the HARQ-ACK resource and drop SR even if it is positive. Considering the fact that UCI multiplexing for HARQ-ACK and SR can be supported without additional spec. impacts, the first alternative is preferred to the second alternative.
Proposal 2: When HARQ-ACK PUCCH resource with PUCCH format 0 collides with a SR resource with PUCCH format 1, a UE transmits both HARQ-ACK and SR using PUCCH format 0 with a same cyclic shift value for positive SR in Table 9.2.5-1 and 9.2.5-2 of [1].
4 Conclusions
This contribution has discussed remaining issues on short PUCCH and we have proposed the following:
Proposal 1: 

· PUCCH format 2 or 3 or 4 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. 
Proposal 2: 
· When HARQ-ACK PUCCH resource with PUCCH format 0 collides with a SR resource with PUCCH format 1, a UE transmits both HARQ-ACK and SR using PUCCH format 0 with a same cyclic shift value for positive SR in Table 9.2.5-1 and 9.2.5-2 of [1].
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