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1. Introduction

In the recent RAN#90e meeting, the following WI scope was discussed as decided [1]: 
	· Physical layer aspects including [RAN1]:
· 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. 

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

· 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.

· 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.

· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.

· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
Study, and if needed specify, energy detection threshold enhancement


In this contribution, we further discuss our views on initial access aspects.  

2. Discussion
2.1. New SCS for initial access
In the RAN#90e meeting, 480kHz and 960kHz were agreed to be supported in R17 above 52.6GHz. But there were quite a lot controversy about whether these new SCS should be supported in the initial access phase. Another issue is whether or not the legacy 240kHz SCS can be used for above 52.6GHz. In this section, we provide our views on these issues. 

One of the concerns with applying new SCS in the initial access phase is the high specification impact. Thus, the proposal from the proponents suggests to simply reuse R15 FR2 SCS for both SSB and CORESET#0. Since 60kHz SCS is precluded from this WI scope and the SSB 240kHz SCS might still be maintained. In this respect, the configuration pair would be summarized in the following table. 
	SSB SCS
	CORESET#0 SCS

	120kHz
	120kHz

	240kHz
	


Table 1: SSB CORESET#0 SCS pairing assuming only legacy SCS is used

On the other hand, there seems to be a common consensus that new SSB SCS should be introduced to achieve a single numerology operation. This is particularly useful when the BWP SCS is configured with new SCS, e.g. 480kHz or 960kHz. The single numerology allows the UE to easily perform measurement without adding measurement gap. In legacy systems, for RLM or BFR/BFD measurement based on SSB, only on-sync raster SSB is assumed. Thus, defining an on-sync raster SSB with new SCS is absolutely meaningful. If RAN1 decides to introduce new SSB SCS and design potentially a new SSB pattern for on-sync raster SSB, it would be natural that this SSB can be made applicable for initial access. Let us discuss the following check points. 
1) Performance: regarding the SSB performance, according to TR 38.808 section 6.1.2 [2], the different SCS ranging from 120kHz to 960kHz have comparable performance, e.g. the performance gap is smaller than or equal to 1 dB. 

2) Receiver complexity: applying 480kHz and 960kHz for SSB in initial access, will reduce the detection complexity due to the high carrier frequency offset inherited in above 52.6GHz carrier band. The 240kHz is indeed an useless option as it does not have superior performance and it cannot greatly reduce the complexity neither. 

3) Specification effort: introducing new SCS in initial access will require some specification impact. However, the effort is paid off by introducing a better future proofness. Note that R17 is an opportunity to have a better design for extreme high frequency band, which should be not completely limited by the legacy FR2 design. We should allow some enhancements to make the system more efficient. 

With the above explanations, we propose to remove the 240kHz SSB SCS, and add new SCS to the initial access. 

Proposal 1: For above 52.6GHz, adopt single numerology for initial access, where the numerology candidates are 120kHz, 480kHz and 960kHz. 
Proposal 2: For above 52.6GHz, 240kHz SSB SCS is not supported. 
2.2. SSB candidate positions
In the SI phase as well as the WID [1], it is confirmed that the SSB beams are upper bounded by 64 beams. In this section we discuss the aspects related to SSB candidate positions. In R16 NRU, although the number of the SSB beams is limited to 8, there are indeed more SSB candidate positions, which is introduced to fight against the LBT failure by adding more SSB transmission opportunities. The way of adding more SSB candidate positions is to set up a QCL relationship between different SSB indexes. For those SSB indexes that lead to a same value by the modulo operation, i.e. mod(SSB index, Q) are deemed to be QCL’ed. The QCL’ed SSB indexes are SSB candidate positions for a same beam. 
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Fig. 1: SSB candidate position examples
The same concept can be reused for above 52.6GHz for the following reasons: 1) RAN1 has not decided if SSB transmission can benefit from direct transmission without performing LBT in unlicensed spectrum. If it cannot, reusing SSB candidate positions will provide more transmission opportunities, similar to R16 NRU. 2) if eventually SSB transmission can benefit from LBT exemption. It is still beneficial to introduce SSB beam repetition. It can provide a better measurement quality, in particular for unlicensed spectrum. 

Proposal 3:  For above 52.6GH unlicensed spectrum, introduce SSB candidate positions to allow more SSB transmission occasions for a given SSB beam or to allow SSB beam repetitions. 
2.3. RACH aspects

In this section, we talk about the enhancements for RACH design. The first discussion point is the SCS. The legacy FR2 RACH design does not support new SCS. Thus, some enhancements are necessary to make the RACH design compatible with 480kHz and 960kHz. Note that, this is independent of the discussion for application of new SCS in initial access, as the RACH procedure is still needed during the connected phase. 
The first enhancement is to design a configuration for RACH slot, where in legacy system, the reference SCS for determining RACH slot is 60kHz, which is the minimum SCS supported in FR2. While for above 52.6GHz, it is naturally straightforward to set the reference SCS as 120kHz. 

Proposal 4: set the reference SCS for RACH slot determination as 120kHz. 

Anther enhancement discussed during the SI phase was to introduce LBT gap between the ROs. In legacy system, the ROs are configured as back to back in time symbols. Thus, there is not enough room for the UE to perform LBT, while other UE might be using the channel at the same time as shown in Fig. 2. At the same time, the RACH configuration is preferred to be band agnostic, i.e. a unified design for licensed and unlicensed spectrums. One possible way is to add a mask on the top of legacy RO, where the mask can switch off certain RO from being selected. 
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Fig. 2: consecutive RO in time may cause LBT blocking

Proposal 5: RAN1 should design a unified RO configuration for both licensed and unlicensed spectrums.

Proposal 6: On top of RO configuration, a mask can be further added for unlicensed spectrum to switch off certain RO from being selected. 
Conclusion

In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. The following observations and proposals were made, i.e., 
Proposal 1: For above 52.6GHz, adopt single numerology for initial access, where the numerology candidates are 120kHz, 480kHz and 960kHz. 

Proposal 2: For above 52.6GHz, 240kHz SSB SCS is not supported. 
Proposal 3:  For above 52.6GH unlicensed spectrum, introduce SSB candidate positions to allow more SSB transmission occasions for a given SSB beam or to allow SSB beam repetitions. 
Proposal 4: set the reference SCS for RACH slot determination as 120kHz. 

Proposal 5: RAN1 should design a unified RO configuration for both licensed and unlicensed spectrums.

Proposal 6: On top of RO configuration, a mask can be further added for unlicensed spectrum to switch off certain RO from being selected. 
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