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Introduction
In RAN #90-e, the WID for supporting NR from 52.6GHz to 71 GHz has been approved. For physical layer enhancement, the following aspects have been included [1]: 
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz 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
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.


This contribution discusses the enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
Discussion
1 
2 
In unlicensed band, there is PSD restriction and maximum transmission power restriction. For example, in 52.6 GHz-71 GHz, the PSD restriction is 23dBm (or as low as 13 dBm) or 38dBm while the maximum EIPR can be 40dBm or 55dBm in different regions and scenarios. To achieve desirable UL coverage with sufficient Tx power, UL transmission with multiple PRBs should be supported. 
In LAA and NR-U in 5GHz/6GHz unlicensed band, to enable multi-PRB UL transmission, PRB-level interlace is supported, with the aim of not only high UL transmission power under PSD constraint but also fulfilling the OCB requirement. However, in 52.6 GHz-71 GHz unlicensed band, with SCS no smaller than 120 KHz, and new OCB requirement requiring only one transmission mode to comply, there is no need to support PRB-level interlace. Instead, contiguous multi-PRB allocation is sufficient, which avoids fragmented UL resources and achieves lower CM than interlaced UL transmission. 
Proposal 1: Enhanced PUCCH format 0/1/4 should be based on contiguous multi-PRB allocation. 
In the following, enhanced PUCCH format 0/1 and PUCCH format 4 are discussed separately. 
PUCCH format 0/1
In Rel-16 NR-U, interlace-based PUCCH format 0/1 is introduced, with single-PRB sequence repetition and Cyclic Shift hopping among multiple PRBs within an interlace. Similar design can be applied to PUCCH format 0/1 in 52.6 GHz-71 GHz unlicensed band over multiple contiguous PRBs. 
Proposal 2: Support contiguous multi-PRB PUCCH format 0/1 by reusing the design of NR-U PUCCH format 0/1, i.e. single-PRB sequence repetition and Cyclic Shift hopping among multiple PRBs.
PUCCH format 0/1 is not only used after RRC connection setup but also before RRC connection setup, i.e. HARQ-ACK feedback for Msg 4/Msg B PDSCH. Comparing with PUCCH after RRC connection, supporting multiple PRB for PUCCH format 0/1 before RRC connection is more critical considering its impact on initial access and its coverage degradation caused by single PRB PUCCH cannot be solved by sending HARQ-ACK on PUSCH as after RRC connection.  
Before RRC connection setup, a PUCCH configuration is determined by the indication of a row index in Table 9.2.1-1 in 38.213 carried by SIB1. In Rel-16 NR-U, a gNB configures interlace-based transmission in SIB1, and then, the UE reinterprets the table for interlace-based PUCCH transmission, otherwise, the PUCCH resource is single PRB-based. In 52.6 GHz-71 GHz unlicensed band, similarly, a gNB can configure single or multiple PRB-based PUCCH transmission in SIB1. However, unlike Rel-16 NR-U wherein the number of PRBs per interlace is fixed, the proper number of PRBs for 52.6 GHz-71 GHz unlicensed band would vary with different regions and scenario (e.g. fixed indoor or outdoor) due to different PSD restriction and maximum EIRP. Moreover, unlike Rel-16 NR-U wherein a proper number of PRBs per interlace is same for all UEs due to same OCB requirement, the proper number of PRBs for 52.6 GHz-71 GHz unlicensed band for each UE would be different, because the motivation of multi-PRB PUCCH is for UL coverage which is different for UEs in different geometry. Therefore, the mechanism to support different number of multiple PRBs for different scenario and different UEs should be supported. 
Proposal 3: Support contiguous multi-PRB PUCCH format 0/1 before RRC connection setup
· support different number of multiple PRBs for different scenarios.
· support different number of multiple PRBs for different UEs.
PUCCH format 4
In Rel-16 NR-U, interlace-based PUCCH format 3 is introduced, with simple extension of Rel-15 PUCCH format 3 over multiple PRBs of 1 or 2 interlaces and UE multiplexing by pre-DFT OCC (length 2 and 4) across PRBs within the interlace for UCI and Cyclic Shift (0,6,3,9) for DMRS. Similar design can be applied to multi-PRB PUCCH format 4 in 52.6 GHz-71 GHz unlicensed band except for the UE multiplexing mechanism. Comparing interlace-based PUCCH format 3 and multi-PRB PUCCH format 4, all multiplexing UEs are aligned in the frequency domain for NR-U PUCCH format 3 because the PRBs in one interlace in a RB set (20MHz) is identical for all UEs, but for multi-PRB PUCCH format 4, it needs further discussion on whether frequency resources for multiplexing UEs may be different, which impacts at least DMRS design. As discussed above, the proper number of PRBs can be different for different UEs. Support of multiplexing between UEs with non-aligned PRBs is beneficial for UL resource efficiency, e.g. number of PRBs for multiplexed UEs can be different, or the starting PRB can be different. In that case, a single long sequence over multiple PRBs of each UE as NR-U PUCCH format 3 DMRS can not provide orthogonality among the UEs. Instead, single PRB DMRS sequence repetition over multiple PRBs with CS shifting can be considered. 
[bookmark: _GoBack]Besides, unlike legacy/NR-U PUCCH format 3 wherein a UE can autonomously scale number of PRBs according to UCI payload and configured maximum coding rate (the actually transmitted PRBs can be smaller than the configured PRBs), a UE should transmit PUCCH using the configured PRBs for PUCCH format 4 in 52.6 GHz-71 GHz unlicensed band, because the number of PRBs is mainly determined by a desirable receive SNR at gNB side, and the orthogonality between multiplexing UEs is broken by scalable PRBs if DMRS is generated by a single long sequence over multiple RPBs. 
Proposal 4: Support multi-PRB PUCCH format 4 by reusing PUCCH format 3 with minor modification:
· Pre-DFT OCC across contiguous multiple PRBs for UCI 
· FFS using single long sequence over multiple PRBs or single-PRB sequence repetition over multiple PRBs for DMRS, depending on whether support multiplexing between UEs with non-aligned PRBs. 
· Do not support PRB scaling according to UCI payload and configured coding rate. 

Conclusions
This contribution discussed for PUCCH enhancement for 52.6GHz-71GHz unlicensed band. The followings are proposals in contribution. 
Proposal 1: Enhanced PUCCH format 0/1/4 should be based on contiguous multi-PRB allocation. 
Proposal 2: Support contiguous multi-PRB PUCCH format 0/1 by reusing the design of NR-U PUCCH format 0/1, i.e. single-PRB sequence repetition and Cyclic Shift hopping among multiple PRBs.
Proposal 3: Support contiguous multi-PRB PUCCH format 0/1 before RRC connection setup
· support different number of multiple PRBs for different scenarios.
· support different number of multiple PRBs for different UEs.
Proposal 4: Support multi-PRB PUCCH format 4 by reusing PUCCH format 3 with minor modification:
· Pre-DFT OCC across contiguous multiple PRBs for UCI 
· FFS using single long sequence over multiple PRBs or single-PRB sequence repetition over multiple PRBs for DMRS, depending on whether support multiplexing between UEs with non-aligned PRBs. 
· Do not support PRB scaling according to UCI payload and configured coding rate. 

Appendix 
[1] RP-202925, Revised WID:  Extending current NR operation to 71 GHz, RAN #90-e.
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