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1. Introduction
In 3GPP RAN meeting #90-e meeting, a new WI is agreed to extend the support of NR operation to 71GHz [1]. According to the outcome of the study item on supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation. Specifically, RAN1 has reached consensus that subcarrier spacing of 120 KHz with NCP, which is already supported in FR2, will be supported up to 71GHz. In addition, new subcarrier spacing of 480 KHz and 960 KHz are also supported to overcome the increasing phase noise at high frequencies. 
In this contribution, we will discuss potential enhancements for PUCCH format 0 and 1.

2. [bookmark: _Ref494794648]Considerations on Number of RBs
PUCCH format 0 and 1 use a single RB in NR Release 15. Due to regional regulations [2], for a given signal bandwidth (i.e., number of RBs allocated, denoted by  in the rest of the article) and subcarrier spacing, there is an upper limit on signal energies per OFDM symbol. As an example, assume a typical UE beam forming gain  of 6 dBi, maximum UE EIRP  of 25 dBm, and maximum UE conducted power  of 21dBm, the corresponding maximum allowed signal energy per OFDM symbol  for each subcarrier spacing is illustrated in Figure 1.
[image: ]
[bookmark: _Ref68272553]Figure 1: Maximum allowed signal energy per OFDM symbol for different SCSs.
From the figure, we can see that for each subcarrier spacing, the maximum allowed signal energy  eventually saturates as  increases. Specifically, for 120 KHz SCS, the  reaches its maximum of  at . After that, further increment of  does not lead to larger . Similarly, for 480 KHz and 960 KHz SCS, the  reaches its maximum value of  and  at  of 3 and 2, respectively. This means for each SCS,  beyond the saturation point () will not provide much performance improvement (except potential additional frequency diversity gain, which is minimum with proper resource allocation).
It is also apparent from the figure that there is a 6dB (9dB) gap between the saturated  for 120 KHz SCS and 480 KHz (960 KHz) SCS. This is easily explained by the fact that larger subcarrier spacing leads to shorter OFDM symbol duration, and thus, less signal energy per OFDM symbol. As a result, for higher SCS such as 480 KHz or 960 KHz, PUCCH formats/configurations with multiple OFDM symbols are expected to provide better coverage.
Figure 1 assumes , , and . Since different assumptions will lead to different  values, it was agreed in [4] that RAN1 send an LS to RAN4 to confirm if other pairs of  and  values should be considered. Also, in an effort to cover all possible scenarios and support all types of UEs, it make sense to assume  for the derivation of .
[bookmark: _Ref61449459][bookmark: _Ref71205146]Proposal 1: The maximum values of  for SCS of 120 KHz, 480 KHz, and 960 KHz are determined using  and  values provided by RAN4, and under the assumption that .
3. Considerations on base sequence design
In this section, we consider the base sequence design for PUCCH format 0/1 enhancement. In [3], the following agreement was made:
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
It was further agreed in [4] that:
· User-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.
In general, Alt-2 will provide more flexible UE multiplexing capabilities, since the constructed sequences are mutually orthogonal down to RB level. This allows resource allocations that are partially overlapped in the frequency domain. However, as far as coverage (or equivalently, the maximum isotropic loss) is concerned, Alt-1 has the upper hand. Specifically, we have shown in [5] that Alt-1 not only has better PAPR/CM property, but is also more robust against potential interferences from UL transmissions of other serving cells. Therefore, together with the agreement to prioritize coverage over UE multiplexing, we have the following proposal:
[bookmark: _Ref68353572]Proposal 2: Alternative 1 should be adopted as the base sequence design for enhanced PUCCH format 0/1.
4. Conclusion
In summary, we have the following proposals:
Proposal 1: The maximum values of  for SCS of 120 KHz, 480 KHz, and 960 KHz are determined using  and  values provided by RAN4, and under the assumption that .
Proposal 2: Alternative 1 should be adopted as the base sequence design for enhanced PUCCH format 0/1.
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