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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, 1 and 4.

2. [bookmark: _Ref494794648]Considerations on base sequence design
In this section, we consider the base sequence design for PUCCH format 0/1 enhancement. In [2], 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 [3] 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 UEs served by other cells. Therefore, together with the agreement to prioritize coverage over UE multiplexing, we have the following proposal:
[bookmark: _Ref68353572]Proposal 1: Alternative 1 should be adopted as the base sequence design for enhanced PUCCH format 0/1.
3. Considerations on PF4 enhancements
[bookmark: _GoBack]In this section, we consider the enhancements for PUCCH format 4. Specifically, in [4], the following agreement was made:
· For 120 kHz SCS:
· Support at least Alt-1 for enhanced PF0/1 for both PUCCH resources before and after dedicated PUCCH resource configuration
· FFS: Whether or not Alt-2 is additionally supported for PF0/1 for either or both of the following:
· PUCCH resources before dedicated PUCCH resource configuration
· PUCCH resources after dedicated PUCCH resource configuration
· FFS: Supported RE mapping scheme(s) amongst {Alt-1, Alt-2} for enhanced PF4 including design details
· Notes:
· Alt-1 = all REs within each RB are mapped
· Alt-2 = a subset of REs within each RB are mapped (sub-PRB interlaced mapping)
· Which RE mapping scheme(s) to support for PF0/1/4 to be concluded in RAN1#106

Despite the fact that Alt-2 may provide a more flexible UE multiplexing capability (via FDM) compared to Alt-1, we think that for PUCCH PF4, the current UE multiplexing capability of supporting up to 4 UEs via OCC is sufficient, and does not need to be enhanced further. Our view is also consistent with the previous agreement that UE multiplexing is considered as a lower priority design criteria.
[bookmark: _Ref79074362]Proposal 2: Support only Alt-1 as the RE mapping scheme for enhanced PUCCH format 4.
Due to the increased number of RBs allocated, UCI payload size and corresponding rate matching mechanism for PUCCH format 4 was discussed during RAN1 meeting #105-e. Since coverage enhancement is of top priority, it make sense to maintain the same restriction on the UCI payload as in Rel-15/16 PF4, and use rate matching to achieve better cell edge performance (via lowering the effective code rate). Rate matching should be done via the existing rate matching mechanisms that rate matches to the number of allocated RBs. It is worth noting that repetition based rate matching schemes should be avoid since they do not provide coding gain in general.
[bookmark: _Ref79074366]Proposal 3: Support same restriction (upper limit) on the UCI payload as in Rel-15/16 for PF4
[bookmark: _Ref79074392]Proposal 4: Support rate matching to the number of allocated RBs using existing rate matching mechanism for PF4.
4. Conclusion
In summary, we have the following proposals:
Proposal 1: Alternative 1 should be adopted as the base sequence design for enhanced PUCCH format 0/1.
Proposal 2: Support only Alt-1 as the RE mapping scheme for enhanced PUCCH format 4.
Proposal 3: Support same restriction (upper limit) on the UCI payload as in Rel-15/16 for PF4
Proposal 4: Support rate matching to the number of allocated RBs using existing rate matching mechanism for PF4.
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