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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, 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.
Finally, note that Figure 1 assumes a UE beam forming gain of 6 dBi. If we assumes a smaller UE beam forming gain,  saturates at a larger  value. At the extreme case of 0 dBi UE beam forming gain, the  reaches its maximum value at  of 44, 11, and 6 for SCS of 120 KHz, 480 KHz, and 960 KHz, correspondingly. Since  is configurable per agreement [3], it makes sense to allow  configuration flexible enough to cover all possible scenarios.
[bookmark: _Ref61449459]Proposal 1: The maximum value of  for SCS of 120 KHz, 480 KHz, and 960 KHz are 40, 10, and 5, respectively.
3. Considerations on base sequence design
In this section, we consider the base sequence design for PUCCH format 0/1 enhancement. Specifically 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
Based on the agreement, we evaluate the PAPR of the two base sequence alternatives for various , assuming the cyclic shift interval  equals to 5 as defined in Rel-16. The results are shown in Figure 2. From the figure, we can see that alternative 1 has lower PAPR compared to alternative 2 for all  values evaluated.
[bookmark: _Ref68353460]Observation 1: Alternative 1 has lower PAPR compared to alternative 2 for all  values evaluated.
Next, we evaluate the cross correlation between sequences. Note that for a specific base sequence, the 12 time domain cyclic shifted versions of it are mutually orthogonal. This is true for both base sequence alternatives, which implies that they should provide identical detection performance when no interference is considered. For the scenarios when interference needs to be considered (e.g., UL transmission near cell edge), cross correlation between sequences becomes a critical performance metric. Specifically, we should avoid strong positive correlation between any pair of sequences within the sequence pool, since it leads to poor detection performance. Figure 3 shows the cross correlation properties of the two base sequence alternatives. It is apparent that alternative 1 has a better cross correlation property since it has a smaller maximum normalized cross correlation at around 0.25, as compared to 0.66 for alternative 2. In addition, the cross correlation property continues to improve as  becomes larger for alternative 1. On the contrary, the cross correlation is independent of  for alternative 2, as can be seen in Figure 3.
[bookmark: _Ref68353534]Observation 2: Alternative 1 has better correlation property compared to alternative 2 for all  values.
From the above observations, it is evident that alternative 1 should be adopted as the base sequence design for enhanced PUCCH format 0/1.
[bookmark: _Ref68353572]Proposal 2: Alternative 1 should be adopted as the base sequence design for enhanced PUCCH format 0/1.
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[bookmark: _Ref68352663]Figure 2: PAPR for the two base sequence design alternatives.
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[bookmark: _Ref68352616]Figure 3: Normalized Cross Correlation for the two base sequence design alternatives.
4. Conclusion
In summary, we have the following observations and proposals:
Observation 1: Alternative 1 has lower PAPR compared to alternative 2 for all  values evaluated.
Observation 2: Alternative 1 has better correlation property compared to alternative 2 for all  values.
Proposal 1: The maximum value of  for SCS of 120 KHz, 480 KHz, and 960 KHz are 40, 10, and 5, respectively.
[bookmark: _GoBack]Proposal 2: Alternative 1 should be adopted as the base sequence design for enhanced PUCCH format 0/1.
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