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1 Introduction

This contribution discusses remaining design aspects on short PUCCH (PUCCH format 0 and 2).

2 Remaining Design Aspects
SR transmission

In order to support various verticals, gNB can configure M SRs for a UE. Then, depending on the period and offset for the M SRs, there can be K SRs in a same time position, 0<K<=M. It is assumed in this document that the first symbols of different PUCCHs carrying different UCI types are aligned as discussed in companion contribution [1]. For SR and HARQ-ACK multiplexing, the following were agreed in last meeting. 

	Agreements:

· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.


According to the above agreements, X=ceil(log2(K+1)) bits are used when PUCCH format 2 or 3 or 4 is determined to transmit UCI. Denote the number of HARQ-ACK bits as L. If L > 2, it is straightforward that PUCCH format 2 or 3 or 4 is determined and the current agreement applies. The remaining issue is how to handle the case of L = 1 or 2. 

The first scheme is to rely on PUCCH format 0 since PUCCH format 0 is used if only L = 1 or 2 bits HARQ-ACK needs transmission. 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. Then, the number of required PRB is up to 3 PRBs. It is questionable on the link performance for a detection of 36 sequences. On the other hand, assuming PUCCH format 2 with only one OFDM symbol and one PRB is used, the resulted coding rate is 6/(8*2)=0.375, which is lower enough for a robust transmission. Therefore, PUCCH format 2 or 3 or 4 could provide more efficient resource utilization. Therefore, it is preferred to rely on PUCCH format 2 or 3 or 4 to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. 
Proposal 3: PUCCH format 2 or 3 or 4 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR. 

A proposed text for section 9.2 in [2] is provided below.
	9.2
UCI reporting in physical uplink control channel

UCI types reported in a PUCCH include HARQ-ACK, SR, and CSI. UCI bits include HARQ-ACK information bits, if any, SR information bit, if any, and CSI bits, if any.

· 9.2.1
PUCCH Resource Sets

…
If the UE transmits 
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 UCI bits, the UE determines a PUCCH resource set to be 

· a first set of PUCCH resources if 
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 and the UE is configured to transmit SR in one SR transmission occasion as described in Subclause 9.2.5.1, or
· a second set of PUCCH resources, if any, if 
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 is provided by higher layer parameter N_2, or
· a third set of PUCCH resources, if any, if 
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 is provided by higher layer parameter N_3, or
· a fourth set of PUCCH resources, if any, if 
[image: image8.wmf]4

UCI

3

N

N

N

£

£

.  

…
· 9.2.5
UE procedure for reporting multiple UCI types

· 9.2.5.1
UE procedure for multiplexing HARQ-ACK or CSI and SR

In the following, a SR transmission occasion from a UE is assumed to have a same first symbol as a HARQ-ACK transmission from the UE or a same first symbol with a CSI transmission from the UE. 

If a UE transmits positive SR and 
at most 2 HARQ-ACK information bits using PUCCH format 0, the UE transmits the PUCCH format 0 in PRB(s) indicated by DCI format 1_0 or DCI format 1_1 for HARQ-ACK transmission as described in Subclause 9.2.3. The UE determines a value of 
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 for computing a value of cyclic shift 
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  [4, TS 38.211] where 
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 is provided by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift, and 
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 is determined from the value of one HARQ-ACK bit or from the values of two HARQ-ACK bits as in Table 9.2.5-1 and Table 9.2.5-2, respectively. 

If the UE transmits negative SR and at most 2
 HARQ-ACK information bits using PUCCH format 0, the UE transmits the PUCCH format 0 for HARQ-ACK transmission as described in Subclause 9.2.3.

Table 9.2.5-1: Mapping of values for one HARQ-ACK bit and positive SR to sequences

HARQ-ACK Value
0

1

Sequence cyclic shift
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Table 9.2.5-2: Mapping of values for two HARQ-ACK bits and positive SR to sequences

HARQ-ACK Value
{0, 0}

{0, 1}

{1, 1}

{1, 0}

Sequence cyclic shift
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	If a UE transmits negative SR and at most 2
 HARQ-ACK information bits using PUCCH format 1, the UE transmits the PUCCH format 1 using a PUCCH resource indicated by DCI format 1_0 or DCI format 1_1 for HARQ-ACK transmission as described in Subclause 9.2.3. If the UE transmits positive SR and at most 2
 HARQ-ACK information bits using PUCCH format 1, the UE transmits the PUCCH format 1 using a PUCCH resource for SR transmission as described in Subclause 9.2.4.

If a UE transmits 
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 UCI bits in a PUCCH using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, as described in Subclause 9.2.3, and the UE is configured to transmit 
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 PUCCHs for respective 
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 SR transmission occasions, as determined by a set of higher layer parameters schedulingRequestResourceId, with a same first symbol as for PUCCH format 2 or PUCCH format 3 or PUCCH format 4s, 
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 bits representing a SR transmission occasion, in ascending order, and the SR value are appended to the HARQ-ACK bits. An all-zero value for the 
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 bits represents a negative SR value across all 
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 SR transmission occasions. 

If a UE transmits periodic CSI or semi-persistent CSI in a PUCCH using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and, respectively, PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, and the UE is configured to transmit PUCCHs for 
[image: image30.wmf]K

 occasions for SR transmission with a same first symbol as for PUCCH format 2 or PUCCH format 3 or PUCCH format 4, 
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 bits representing the corresponding SR transmission occasion and the SR value are put ahead of the bits of periodic CSI or semi-persistent CSI. 

If a UE transmits 
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HARQ-ACK bits, 
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 SR bits, and 
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 CRC bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes 
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 PRBs, the UE determines a number of PRBs 
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 for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter PUCCH-F2-number-of-PRBs or PUCCH-F3-number-of-PRBs and starts from the first PRB from the number of PRBs, that results to 
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 and, if 
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, where 
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 are defined in Subclause 9.2.5.2. If 
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, the UE transmits the PUCCH over the 
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Bit sequence order in TS38.212
Different UCIs (i.e., HARQ-ACK/SR and/or CSI) can be multiplexed on a same PUCCH (i.e., PUCCH format 2 or PUCCH format 3 or PUCCH format 4). In this case, it has been specified in [2] that the multiplexing order is HARQ-ACK, SR and CSI regardless of whether there is zero or more HARQ-ACK/SR information bits to transmit in a PUCCH. It means that combination of HARQ-ACK/SR, combination of SR/CSI, and combination of HARQ-ACK/SR and CSI are possible for UCI transmission on PUCCH. So, TS38.212 also has to take into account these combinations.
Proposal 2: As described in TS38.213, TS38.212 captures that in case of multiplexing CSI with SR in a same PUCCH format, bit sequence order is that SR bit(s) are mapped to the UCI bit sequence first and CSI bits are mapped to the UCI bit sequence second. 
3 Conclusion
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: As described in TS38.213, TS38.212 captures that in case of multiplexing CSI with SR in a same PUCCH format, bit sequence order is that SR bit(s) are mapped to the UCI bit sequence first and CSI bits are mapped to the UCI bit sequence second.
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