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In this contribution, we present our view on the remaining design aspects of short PUCCH carrying up to 2 UCI bits, i.e. PUCCH format 0. In particular, the following issues are addressed based on the outcomes of RAN1 #90bis meeting:
· Simultaneous HARQ-ACK and SR transmissions
· Sequence hopping.
Simultaneous HARQ-ACK and SR transmissions
In the last RAN1 #90bis meeting, the following agreements were made regarding HARQ-ACK and SR transmissions [1]:
Agreements:
· For HARQ-ACK transmission using short PUCCH for up to 2 bits
· In case of 1-bit HARQ-ACK only: 
· The distance between the two cyclic shifts within a PRB is 6
· In case of 2-bit HARQ-ACK only
· The distance between any two adjacent cyclic shifts within a PRB is 3 
· In case of 1-bit HARQ-ACK & SR (positive or negative)
· FFS
· In case of 2-bit HARQ-ACK & SR (positive or negative)
· FFS
Agreements:
· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time
· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

In addition, the following agreement was made regarding simultaneous HARQ-ACK and SR transmissions [2]:
Agreements:
· For simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used
As per the above agreements, the detailed PUCCH resource allocation scheme for simultaneous 1 or 2-bit HARQ-ACK and SR transmissions is yet to be decided. In general, for simultaneous -bit HARQ-ACK ( and SR transmissions by a single UE within a slot,  independent PUCCH resources can be assigned in frequency and code domain. Below, we elaborate in details the resource allocation schemes for 1 and 2-bit HARQ-ACK + SR transmissions, from the perspective of a single UE.
Case 1: Simultaneous 1-bit HARQ-ACK and SR transmissions 
For simultaneous 1-bit HARQ-ACK and SR transmissions by a single UE within a slot,  independent PUCCH resources are to be assigned in the frequency and code domain. These  independent resources can be exploited as follows:
· In case of negative SR, one of the 2 sequences configured for 1-bit HARQ-ACK only transmission is selected depending on the value of HARQ-ACK bit (ACK or NACK) and transmitted, i.e. the PUCCH resources configured for 1-bit HARQ-ACK only transmission are used for 1-bit HARQ-ACK plus negative SR transmission. 
· In case of positive SR, the following two operations are selectively performed, based on the value of HARQ-ACK bit:
· For NACK, the sequence configured for SR is transmitted, i.e. the PUCCH resource configured for SR only transmission is used.
· For ACK, an additional resource is configured implicitly with the cyclic shift of SR- CS + 6 and then the sequence corresponding to the resource is transmitted. The additional resource is configured only in slots where HARQ-ACK and SR are scheduled together for the UE. 

Therefore, an additional resource is to be configured for simultaneous 1-bit HARQ-ACK and SR transmissions.  Fig. 1 illustrates the resource allocation scheme explained above.


Fig. 1 PUCCH format 0 resource allocation for simultaneous 1-bit HARQ-ACK and SR transmissions

Case 2: Simultaneous 2-bit HARQ-ACK and SR transmissions 
For simultaneous 2-bit HARQ-ACK and SR transmissions by a single UE within a slot,  independent PUCCH resources are to be assigned in the frequency and domain. These  independent resources can be exploited as follows:
· In case of negative SR, one of the 4 sequences configured for 2-bit HARQ-ACK only transmission is selected depending in the value of HARQ-ACK bits (ACK-ACK or ACK-NACK or NACK-ACK or NACK-NACK) and transmitted, i.e. the PUCCH resources configured for 2-bit HARQ-ACK only transmission are used for  2-bit HARQ-ACK plus negative SR transmission. 
· In case of positive SR, the following two operations are selectively performed, based on the value of HARQ-ACK bits:
· In case both the HARQ bits are NACK, the sequence configured for SR is transmitted, i.e. the PUCCH resource configured for SR only transmission is used.
· In case at least one of the 2 HARQ bits is ACK (ACK-ACK or ACK-NACK or NACK-ACK), 3 additional resources are configured implicitly with the cyclic shifts of SR-CS + 3/6/9 and the sequence corresponding to the resource (selected based on the HARQ-ACK bits) is transmitted. The additional resources are configured only in slots where HARQ-ACK with at least one ACK bit and SR are scheduled together for the UE.

Therefore, 3 additional resources are to be configured for supporting 2-bit HARQ-ACK and SR transmissions.  Fig. 2 illustrates the resource allocation scheme explained above.
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Proposal 1:  
For simultaneous HARQ-ACK and SR transmissions,
· Additional resource(s) is (are) configured for the case(s) of positive SR and at least one ACK bit.

· 1 (1-bit HARQ-ACK) or 3 (2-bit HARQ-ACK) resource(s) can be implicitly assigned, e.g. with cyclic shift(s) of SR-CS+6 or SR-CS+3/6/9, respectively.

· In case of negative SR, one of the 2 (1-bit HARQ-ACK) or 4 (2-bit HARQ-ACK) sequences configured for HARQ-ACK is selected depending on the value of HARQ-ACK bit and transmitted.

· For positive SR,

· In case of no ACK for HARQ-ACK, the sequence configured for SR is transmitted.
· In case of at least one ACK for HARQ-ACK, one of the additionally configured sequence(s) is selected depending on the value of HARQ-ACK and transmitted. 

Sequence hopping
In the RAN1#90b meeting, inter-slot base sequence hopping was agreed as captured below:
· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact.
The hopping pattern of base sequences can be generated from a pseudo-random sequence generating function. In the RAN1#90b meeting, it was agreed that LTE PN sequence generator is used for generation of DM-RS for the PUCCH. Any DL/UL channel/signal which needs a pseudo random sequence or number can utilize the generating function defined in 38.211. Then, the base sequence index for a slot can be determined by the initialization seed to the generating function. 
In order to support orthogonality among the UEs sending short PUCCHs on the same PRB using different cyclic shifts, the configured ID comprising the seed should be the same among the UEs. In addition, the hopping of base sequences between slots requires that the base sequence index should change as a function of slot index. In these regards, the base sequence index for a slot can be determined based on the slot index and a UE-common RRC configured ID.
In cases of 2-symbol PUCCH, cyclic shift hopping can occur between the two PUCCH symbols for inter-cell interference randomization, while the same base sequence is used within the slot. On the other hand, cyclic shift hopping across slots in addition to the base sequence hopping and the intra-slot cyclic shift hopping should not be applied. The inter-slot cyclic shift hopping does not provide additional interference randomization on top of the base sequence hopping. Also, cyclic shift will be a part of the resource sets which are configured by RRC for the PUCCH format. DCI will indicate which one among the configured resource sets to use in the corresponding slot and this indication will determine the cyclic shift value to use for the short PUCCH in the corresponding slot.
Proposal 2:  
For sequence hopping for PUCCH format 0,
· Base sequence index for a slot is determined based on slot index and a UE-common RRC configured ID.
· The same base sequence is used within a slot and cyclic shift hopping is applied between different PUCCH symbols.
· Additional cyclic shift hopping across slots should not be applied.

Conclusions
In this contribution, we have outlined in details the remaining design aspects of short PUCCH carrying 1~2 UCI bit(s), i.e. PUCCH format 0. Based on the aforementioned discussions, we summarize our views in the following proposals:
Proposal 1:  
For simultaneous HARQ-ACK and SR transmissions,
· Additional resource(s) is (are) configured for the case(s) of positive SR and at least one ACK bit.

· 1 (1-bit HARQ-ACK) or 3 (2-bit HARQ-ACK) resource(s) can be implicitly assigned, e.g. with cyclic shift(s) of SR-CS+6 or SR-CS+3/6/9, respectively.

· In case of negative SR, one of the 2 (1-bit HARQ-ACK) or 4 (2-bit HARQ-ACK) sequences configured for HARQ-ACK is selected depending on the value of HARQ-ACK bit and transmitted.

· For positive SR,

· In case of no ACK for HARQ-ACK, the sequence configured for SR is transmitted. 
· In case of at least one ACK for HARQ-ACK, one of the additionally configured sequence(s) is selected depending on the value of HARQ-ACK and transmitted.

Proposal 2:  
For sequence hopping for PUCCH format 0,
· Base sequence index for a slot is determined based on slot index and a UE-common RRC configured ID.
· The same base sequence is used within a slot and cyclic shift hopping is applied between different PUCCH symbols.
· Additional cyclic shift hopping across slots should not be applied.
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