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1. Introduction
At RAN#90-e meeting, an updated work item description [1] on supporting NR from 52.6 GHz to 71 GHz was approved, which include the following objective: 
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120 kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
...
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
…



In this contribution, we discuss on PUCCH resource allocation under PSD limitation to support NR from 52.6 GHz to 71 GHz.
2. PUCCH format enhancement
In Rel-15/16 NR, only one PRB can be allocated for PUCCH format 0, 1 and 4 in frequency domain. In case of 120 kHz SCS, 1 RB has 1.44 MHz bandwidth, which is not large enough to achieve maximum allowed EIRP with satisfying PSD limitation required by ETSI BRAN 302 567 [2] in 60 GHz unlicensed band, and hence the coverage performance of PUCCH with 1 RB will be degraded. Therefore, more than one RBs should be available for a PUCCH format 0/1/4 in 60GHz unlicensed band. 

There are some aspects to be considered to achieve multi-RBs allocation for PUCCH format 0/1/4. From our perspective, at least the following aspects can be the discussion points.

· The number of allocated RBs
First, the required number of RBs to achieve maximum allowed EIRP with satisfying PSD limitations should be discussed. The number of allocated RBs for enhanced PUCCH formats can take different values for each SCS.
· Resource allocation method
Secondly, how to allocate the additional RB(s) for enhanced PUCCH formats needs to be defined. One straightforward approach can be the allocation of contiguous resources by specifying the nrofPRBs for PUCCH format 0/1/4 similar to PUCCH format2/3. Another is non-contiguous allocation such as interlaced allocation or FDRA type 0 RBG allocation. In Rel-16 NR-U for 5/6 GHz unlicensed bands, the interlaced allocation for enhanced PUCCH formats are supported so that high PSD can be achieved by allocating smaller number of RBs/subcarriers within 1 MHz unit where PSD limit is defined.
· Mapping to physical resources
The third point is the operation for mapping to PHY resource. How to map UCI bits over multiple RBs needs to be specified. One straightforward way can be the repetition in frequency domain over each allocated RB. Also, especially for PUCCH format 0/1, a new sequence such as longer sequence may also be considered.

Proposal 1: At least the following aspects should be discussed to increase the number of RBs for PUCCH format 0/1/4.
· The number of allocated RBs 
· Resource allocation methods
· Mapping to physical resources operation

Also, considering that only limited time may be available for the discussion in RAN1 e-meeting, it may be necessary to focus on only essential enhancements. In other words, among PUCCH format 0/1/4, only one or two may be prioritized. If such prioritization is necessary, in our view, PUCCH format 0 and 1 should be prioritized, while PUCCH format 4 can be deprioritized. PUCCH format 0 should work as short PUCCH format with small UCI bits since it enables TDM of multiple users with different beams for UCI of 1 or 2 bit(s) in short time. Assuming beamformed transmission in 60 GHz, such TDM in short time would be beneficial in our view. PUCCH format 1 should also work as long PUCCH format with small UCI bits which can achieve better coverage than PUCCH format 0 by increasing the number of UCI symbols. On the other hand, PUCCH format 4 may not be so highly motivated. The differences between PUCCH format 3 and format 4 are the number of available RB(s) and CDM capacity, so PUCCH format 4 with multiple RBs may be a multi-user version of the PUCCH format 3, and such multi-user version may not be much necessary for above 52.6 GHz band operation as the beam would be narrower and the opportunity for multiplexing between users can be less than FR1/2.

Proposal 2: Enhancements for PUCCH format 4 may not be necessary and enhancements for PUCCH format 0/1 can be prioritized depending on the enhancement workload.

3. Conclusion
In this contribution, we discussed PUCCH resource allocation under PSD limitation to support NR from 52.6 GHz to 71 GHz and we made the following proposals:

Proposal 1: At least the following aspects should be discussed to increase the number of RBs for PUCCH format 0/1/4.
· The number of allocated RBs 
· Resource allocation methods
Mapping to physical resources operation

Proposal 2: Enhancements for PUCCH format 4 may not be necessary and enhancements for PUCCH format 0/1 can be prioritized depending on the enhancement workload.
References
[1] [bookmark: _GoBack]RP-2002925, “Revised WID:  Extending current NR operation to 71 GHz”.
[2] ETSI BRAN 302 567 
- 1/2 -
