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Introduction
In RAN 1 meeting #103e, the following agreements for supporting NR from 52.6 GHz to 71 GHz were made [1]:Agreements:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
· Some companies noted SSB SCS selection should consider SCS of data/control channels and enablement of single subcarrier spacing operation.
· Some companies noted support and use of 120 kHz and/or 240 kHz SCS for SSB and 120 kHz subcarrier spacing for CORESET#0 in initial BWP and activation of dedicated BWP with an SCS for data/control different than the initial BWP may enable re-use of existing NR specification and minimize standardization effort.
· It was identified to further investigate considerations of SSB patterns, if needed, considering:
· Unlicensed band operation if LBT is required for SSB, e.g. SSB cycling transmission within a DRS transmission window.
· Beam switching time between SSB,
· Coverage of SSB
· Multiplexing of SSB with CORESET and UL transmissions
Agreements:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
· In order to benefit from higher transmit power, when maximum PSD regulatory requirements exist, RAN1 recommends support of longer PRACH sequence lengths, L=571 and L=1151, defined in Rel-16 NR specification, to be used for NR operating in 52.6 GHz to 71 GHz.
· It is recommended to not support interlace design for PRACH for NR operating in 52.6 GHz to 71 GHz.
· It is recommended to further investigate whether or not to support configurations that enable non-consecutive RACH occasions in time domain to aid LBT processes if LBT is required.
· Some companies noted that PRACH SCS selection should consider SCS of data/control channels and enablement of single subcarrier spacing operation.
· Some companies noted that 120 kHz SCS for PRACH (even if data/control channel may have different SCS) may be sufficient to support NR operating in 52.6 GHz to 71 GHz from coverage perspective.
· It was identified that potential enhancements for PRACH should consider system coverage for PRACH with subcarrier spacing larger than 120 kHz, if supported.



In this contribution, we discuss several initial access aspects for supporting NR on frequencies from 52.6 GHz to 71 GHz.

Initial access for NR from 52.6 GHz to 71 GHz 
Frequency bands above 52.6 GHz have several advantages such as limited interference, wider bandwidth, high-gain beamforming/multi-beam systems, etc. Therefore, use cases like eMBB with high data rate, short range D2D communications with high data rate, wireless display transfer for AR/VR, etc. can be enabled.
NR specifications that have been developed in Rel-15 and Rel-16 define operation for frequencies up to 52.6GHz, where all physical layer channels, signals, procedures, and protocols are designed to be optimized for uses under 52.6GHz. However, frequencies above 52.6GHz are faced with more difficult challenges, such as higher phase noise, larger propagation loss due to high atmospheric absorption, lower power amplifier efficiency, and strong power spectral density regulatory requirements in unlicensed bands, compared to lower frequency bands. 
To support NR from 52.6 GHz to 71 GHz, operation on both licensed and unlicensed spectrum with a range of ultra-wide-bandwidth frequency bands needs to be considered. For example, the entire 57 GHz – 71 GHz frequency range is available in USA, providing 14 GHz of contiguous bandwidth. In addition, the 66 GHz to 71 GHz band was recently opened for licensed use in international telecommunications union (ITU) Regions 1 and 3.  In the following sections, we discuss the initial access for NR operation from 52.6 GHz to 71 GHz. 
1.1 SSB design consideration for NR from 52.6 GHz to 71 GHz  
In RAN1 #103e meeting, it has agreed the values of subcarrier spacing (SCS) ranging from 120 KHz, 240 KHz, 480 KHz and 960 KHz (i.e.,  3, 4, 5 and 6) for NR operation both for licensed and unlicensed bands from 52.6 GHz to 71 GHz [1]. Besides, the assumed maximum channel bandwidth for corresponding SCS/numerologies are 0.4 GHz, 0.8 GHz, 1.600 GHz, and 3.2 GHz, respectively. In addition, as agreed in [1], NR support different maximum possible bandwidth in different bands which requires configurable bandwidth. 
Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range has been agreed in 52.6 GHz-71 GHz SI. In NR, the possible time locations of SSBs within a half-frame are determined by sub-carrier spacing and the periodicity of the half-frames where SSBs are transmitted is configured by the network. Within a 5 ms half frame, the starting OFDM symbol index for a candidate SSB within SS burst set depends upon subcarrier spacing (SCS) and carrier frequency/band. SS burst for Case D - 120 kHz SCS and Case E - 240 kHz SCS have been defined. If SS burst will be supported for higher SCS like 480 KHz and 960 KHz, then SS burst design for support of higher SCS like 480 KHz and 960 KHz needs to be studied. QPSK and BPSK are robust with phase noise, therefore, most of the PSS, SSS and PBCH design in NR Rel-15/16 can be reused to support the SSB design for higher SCS. However, there is few SSB design may need to reconsider for higher SCS. For example, the channel estimation performance for PBCH demodulation may be degraded for higher SCS like 960 KHz. In addition, when the larger SCSs/numerologies are introduced for NR from 52.6 GHz and above, the slot duration in a subframe will be decreased accordingly. Since the slot size decreases linearly with the increased SCS, the number of processing units per slot are expected to be decreased for higher SCSs/numerologies. Hence, the SS burst design within 5 ms (half-frame) for higher SCS (e.g. Case F – 480 KHz or G – 960 KHz ) including CORESET0, and RMSI multiplexing between SSB is another design consideration for NR initial access design from 52.6 GHz to 71 GHz.
Proposal 1: The support of SSB and SSB burst design for higher SCS like 480 KHz and above should be studied for NR operation from 52.6 to 71 GHz.  
1.2 SSB transmission opportunities for extending NR from 52.6 GHz  to 71 GHz    
Based on WID physical layer aspects include the support of up to 64 SSB beams for licensed and unlicensed operation in frequency range of 52.6GHz to 71 GHz. Currently in Rel-16 NR-U operations, it can support only up to eight different beams for SSB transmission. This may be sufficient for lower frequency range, e.g., FR1. However, for higher frequency ranges such as in unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz, eight beams are generally considered not sufficient since narrower beams for beamforming needs to be used. 
It was agreed that the support of contention-exempt short control signalling transmission in 60GHz band for regions where LBT is required and short control signaling without LBT is allowed. It was noted that if regulations do not allow short control signaling exemption in a region when operating with LBT, operation with LBT for these short control signals should be supported. Restrictions to the transmission, such as, on duty cycle (airtime measured over a relatively long period of time), content, TX power, etc. can be discussed when specifications are developed.
It is assumed that at least 64 different SSB beams should be supported. In order to support 64 SSB beams for beamforming, we need to have more candidate SSB positions (larger than 64) in unlicensed spectrum for frequencies between 52.6 GHz and 71GHz.  
Proposal 2: Increasing the number of SSB candidate positions to above 64 to increase transmission opportunities to cope with LBT failure should be considered. 

1.3 Other aspects for NR initial access from 52.6 GHz to 71 GHz  
For higher frequency for 52.6 GHz and above, one of solutions for enhancement of the coverage and link budget is using narrower beam with increased or higher antenna gain. Therefore, narrower SSB beam for the introduced higher SCS (e.g. 960 KHz) may be expected for NR from 52.6 GHz and above. However, the use of narrower SSB beams under the assumption of not increasing number of SSBs may reduce the spatial coverage thus cover fewer UEs. Therefore, some enhancement may be considered to account for the loss in the size of beam width and the resulting reduction in the coverage sector of a wider beam, and the increase in the number of narrow beams to compensate for the lost in sector coverage.
Proposal 3: SSB coverage enhancement should be studied for higher SCS if it is supported.  
In Rel-17, CSI-RS/TRS can be provided for idle/inactive mode UE. Introduction of TRS/CSI-RS in idle/inactive mode UE is for better time/frequency tracking and automatic gain control (AGC) for the reception of paging channel. In addition, there is a possibility that TRS/CSI-RS can be used as an early paging indication which has discussed in Rel-17.  For 52.6 GHz and above frequency band, beam management for idle/inactive mode UE is in some way different from other frequency range band like frequency range 1 (FR1) and 2 (FR2). For example, larger SCSs and channel bandwidth is introduced for NR from 52.6 GHz and above.  In addition to penetration and reflection loss, signal and channel coverage are degraded when the higher SCSs/numerologies are introduced for NR 52.6 GHz and above if without any enhancement.
Proposal 4: Introduction of TRS/CSI-RS in idle/inactive mode UE in Rel 17 should be studied for NR operation from 52.6 to 71 GHz.  

Conclusions
In this contribution, we discussed the fundamental aspects of initial access for supporting NR from 52.6 to 71 GHz. The following proposals were made:
Proposal 1: The support of SSB and SSB burst design for higher SCS like 480 KHz and above should be studied for NR operation from 52.6 to 71 GHz.  
Proposal 2: Increasing the number of SSB candidate positions to above 64 to increase transmission opportunities to cope with LBT failure should be considered. 
Proposal 3: SSB coverage enhancement should be studied for higher SCS if it is supported.  
Proposal 4: Introduction of TRS/CSI-RS in idle/inactive mode UE in Rel 17 should be studied for NR operation from 52.6 to 71 GHz.  
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