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Background
In RAN1 NR AH#2 meeting, for 1-symbol short PUCCH with up to 2 bits of UCI, a working assumption was agreed to support sequence selection as the only option in WID scope. Naturally, the same short PUCCH format can be configured for SR. In this contribution, we discuss the remaining issues on simultaneous HARQ-ACK and SR transmission on short PUCCH for UCI up to 2 bits.

SR resource with short PUCCH
For 1-symbol short PUCCH with sequence selection, different sets of low PAPR sequences for different UEs sharing the same RB. Thus, 2 sequences can be configured to a UE to carry 1 bit of UCI, and 4 sequences should be allocated for a UE to carry 2 bits of UCI. With a length 12 sequences in a RB, up to 3 UEs can be multiplexed if 2 bits are assigned to each UE. Consequently, for 2-symbol short PUCCH, repetition of 1-symbol PUCCH in two symbols with frequency hopping can be applied. With proven performance, the Zadoff-Chu sequences in LTE may be reused for NR short PUCCH.

In NR, it was agreed that one bit is used for SR. Thus, the same short PUCCH format with up to 2 bits of UCI can be used for SR. For a SR short PUCCH resource, only one sequence is needed, which achieves higher multiplexing capacity than LTE. Furthermore, on/off keying is applied, i.e. a SR PUCCH is not transmitted if there is no scheduling request.

A SR PUCCH resource may be configured in the same RBs or different RBs from the HARQ-ACK PUCCH resources. If they are allocated in the same RB, different sequences should be assigned to SR and HARQ-ACK.

NR supports different services with different QoS requirements, e.g. eMBB and URLLC. If a single SR resource is used, the SR resource should be configured with higher QoS requirements on delay and error probability among the supported services. Therefore, without introducing multiple bit SR, to differentiate traffic priority, it is better to configure separate SR resources for different services. 

Proposal 1: The same short PUCCH structure can be configured for SR resources with only one configured sequence.

Simultaneous HARQ-ACK and SR transmission
In LTE, SR is configured with PUCCH forma 1a/1b. If HARQ-ACK is also reported on PUCCH format 1a/1b, for simultaneous HARQ-ACK and SR in the same subframe, the HARQ-ACK is reported on the SR PUCCH resource. 

However, with the sequence selection short PUCCH format, in case of collision between HARQ-ACK on a short PUCCH with 2 bits of HARQ-ACK and SR, a SR resource has to be configured with 4 sequences to reuse the similar mechanism in LTE. Alternatively, up to 8 sequences are needed to carry both HARQ-ACK and SR information, and the sequence allocation is not sufficient on either HARQ-ACK or SR resources.

Therefore, if only one PUCCH transmission is allowed, esp. if HARQ-ACK and SR resources share the same RB, some priority rules need to be defined for PUCCH transmission e.g. a SR for URLLC may have higher priority than a PUCCH with HARQ-ACK for eMBB, and a HARQ-ACK for eMBB may have higher priority than a SR for eMBB.

In order to report HARQ-ACK and SR simultaneously, some new methods may be considered. For example, in power unlimited case, simultaneous PUCCH transmissions may be supported to transmit PUCCH for HARQ-ACK and PUCCH for SR together if they are configured with different RB resources. Alternatively, the UE may switch to another configured PUCCH resource with higher payload capacity to carry both HARQ-ACK and SR.

Proposal 2: New approaches should be studied for collision between HARQ-ACK and SR on short PUCCH with UCI up to 2 bits.

Conclusion
In this contribution, we discuss some remaining issues of short PUCCH with up to 2 bits of UCI. Based on the discussions, we propose:
Proposal 1: The same short PUCCH structure can be configured for SR resources with only one configured sequence.

Proposal 2: New approaches should be studied for collision between HARQ-ACK and SR on short PUCCH with UCI up to 2 bits.
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