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Introduction
In RAN1 NR Ad-Hoc#2 Meeting [1], it was agreed that for 1-symbol PUCCH with 1 or 2 bit(s) UCI payload size “sequence selection with low PAPR” is to be supported. In this contribution, we discuss the resource allocation for the sequence-based short PUCCH.
Discussion 
In the sequence based short PUCCH, the UE will be assigned 2 or 4 sequences to signal 1 or 2 bits of ACK/NACK or SR, respectively. The simplest approach for multiplexing UEs on the same time-frequency resources (i.e., Short PUCCH spanning multiple RBs in the frequency domain and one OFDM symbol in the time domain) is to allocate different cyclic shifts of a CAZAC sequence to different UEs. This aspect of user multiplexing would be similar to the LTE design principles. However, unlike LTE wherein each user was assigned only one cyclic shift of a base sequence, in NR, multiple cyclic shifts of the same base sequence are assigned to the UE. In LTE, the main concern was the inter-user interference caused by different cyclic shifts of the same base sequence in the presence of frequency selective channel. In NR, the design now should also consider the intra-user interference caused by the dispersive channel for a given UE.
We believe in order to make sure that the different sequences are separable at the receiver in the presence of frequency selective channels, the cyclic shifts allocated to the same user are spaced the furthest apart (i.e., assigning cyclic shifts with the largest possible circular separation to the same user). This approach will considerably improve the error rate for the ACK/NACK detection for a given user. An example of this approach for a 2 bit A/N transmission is shown in Figure 1. In this example, the UE is assigned four cyclic


[bookmark: _Ref480788993]Figure 1: 2-bit A/N transmission using four cyclic shifts of a sequence 

shifts of the same base CAZAC sequence to signal 2 bits of A/N such that the cyclic shifts are separated by 3. Another example for 1-bit A/N or SR signaling is shown in Figure 2, where the UE is assigned two cyclic shifts of the same base CAZAC sequence to signal 1-bit. In this example, the two cyclic shifts are separated by half of the total number of available cyclic shifts within the RB(s) allocated to the PUCCH to maximize the probability of detection at the receiver. Assuming 12 cyclic shifts are available within each PRB, up to six users can be supported in a ‘Short PUCCH’ spanning 1 PRB. Similarly, up to 12 users can be supported in a ‘Short PUCCH’ spanning 2 PRBs.



[bookmark: _Ref480789000]Figure 2: 1-bit A/N or SR transmission using two cyclic shifts of a sequence for 6 different users

Proposal 1: For sequence based Short PUCCH, the UE is assigned multiple cyclic shifts of the same base sequence wherein the cyclic shifts have the largest possible circular separation. 
In case of SR transmission, the agreements so far have not explicitly indicated that the sequence based approach can be used. However, this approach can easily be extended to the SR transmission. In this case, the UE may transmit the scheduling request using a single cyclic shift of the sequence and transmit nothing on its assigned sequence when it does not request for an UL assignment. By not transmitting anything in the absence of the request for UL scheduling, the UE avoids causing interference for other users in the system. This approach will maximize the number of users that can be multiplexed on a single RB for SR transmission on Short PUCCH. 
Proposal 2: Sequence based scheme should be used for 1-bit SR transmission on 1-symbol short-PUCCH.
Similar to LTE, in case the channel is highly frequency selective, the scheduler may avoid assigning adjacent cyclic shifts to different users. For example, in the scenario shown in Figure 2, only odd cyclic shifts are assigned and even cyclic shifts will not be used. In this case the number of users that can be multiplexed on the same time-frequency Short PUCCH resources will be reduced by half.
As for the signaling aspect of the cyclic shifts, the UE may derive the assigned cyclic time shifts of the sequence for ACK/NACK or SR transmission by receiving a Short PUCCH index, ,semi-statically from higher layer or dynamically in the NR-PDCCH. This resource index may indicate both the Short PUCCH region across the bandwidth and the cyclic shifts allocated to the UE for UL signaling. The Short PUCCH region is comprised of the minimum allocation for PUCCH transmission in terms of number of RBs and the OFDM symbol index.
Proposal 3: The UE derives the assigned cyclic time shifts of the sequence for ACK/NACK or SR transmission by receiving a Short PUCCH index, , semi-statically from higher layer or dynamically in the NR-PDCCH. 
 
Conclusion
In this contribution, we discussed the resource allocation for the sequence-based short PUCCH and made the following proposals:
Proposal 1: For sequence based Short PUCCH, the UE is assigned multiple cyclic shifts of the same base sequence wherein the cyclic shifts have the largest possible circular separation. 
Proposal 2: Sequence based scheme should be used for 1-bit SR transmission on 1-symbol short-PUCCH.
Proposal 3: The UE derives the assigned cyclic time shifts of the sequence for ACK/NACK or SR transmission by receiving a Short PUCCH index, , semi-statically from higher layer or dynamically in the NR-PDCCH.  
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