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1	Introduction
At the RAN#90-e meeting, the new WID on supporting NR from 52.6GHz to 71GHz was approved [1]. The objectives of the WI include following RAN1 works.
	Physical layer aspects including [RAN1]:
· 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.



	In RAN1#103-e meeting, agreements were reached and conclusions were made as follows [2],

Agreement:
Numerologies below 120 kHz or above 960 kHz are not supported for any signal or channel.

Agreement:
For operation in 52-71 GHz:
· 120 kHz should be supported
· Up to two additional SCS may be considered and at least one should be supported
· FFS: Applicability of additional SCS to particular signals and channels 




In this contribution, we provide our views on the initial access aspects for NR beyond 52.6GHz mainly focusing on the enhancements on the structure of SSB.

2 Enhancements on SSB

In NR Rel-15 specification, an SSB is transmitted by the gNB for initial access procedure at the UE. An SSB is transmitted in 4 OFDM symbols across 240 subcarriers and in predefined bursts across the time domain on the configured PRBs. The bursts periodicity in terms of time slots depends on which subcarrier spacing is configured. Currently, in Rel-15 NR support of up to 64 SSB beams for licensed spectrum is present for FR2. The subcarrier spacing 15/30/60 kHz are supported for data and control channels in FR1.  The subcarrier spacing of 60 and 120 KHz are supported for data and control channels in FR2. The SSB supports 15/30 kHz and 120/240 kHz SCS for FR1 and FR2 respectively. The SSB designs for Rel-15 FR2 are shown in figure 1. Part (a) of figure 1 shows the SSB pattern in a 0.5 milli-second window for subcarrier spacings of 120KHz (top) and 240KHz (bottom). As shown in part (a) of figure 1, 8 SSBs and 16 SSBs are transmitted in the 0.5ms window for 120KHz SCS and 240KHz SCS respectively. Part (b) of figure 1 shows the SSB pattern in a 5ms window. Part (b) of figure 1 shows the slots that carries SSBs in a 5ms window. As shown in figure, up to 64 SSBs can be transmitted for both 120KHz SCS and 240KHz SCS in FR2 region according to Rel-15. 
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Fig.1: Existing SSB designs in NR Rel-15 for FR2



In RAN1#103-e meeting, it has been agreed that SCS of 120KHz along with any one among 240KHz, 480KHz and 960KHz are supported for NR above 52.6GHz. 

The SSB of beams occur consecutively in a slot, as shown in Part (a) of Fig1. Generally, beam switching happens during the CP duration. For SCS of 120KHz, the CP duration is higher and the RF interruption time for beam switching will be within the CP. Therefore, beam switching can occur within the CP duration. . Therefore, existing SSB design can be reused for 120KHz.

 In case of higher numerologies, the length of the symbol duration will be considerably low which implies reduced CP duration. For 960KHz SCS, the length of CP duration will be 73.2ns.   Considering at least 100ns is required as beam switching gap, the CP duration for 960KHz will not be sufficient to perform beam switching.. 
When carrier frequencies in the range of 52.6GHz are used for transmission, the propagation loss will be considerably high because of multiple factors. To mitigate this problem, highly directional beams should be used for transmission in higher carrier frequencies. As the antennas size reduces with increase in carrier frequency, more number of antennas can be packed. Therefore, it is possible to form highly directional beams. The beam widths of highly directional beams will be very narrow such that more number of beams will be required to sweep an area when compared with FR1 and FR2. Currently, for FR2 at most 64 SSB beams can be transmitted in a 5ms window. Since beams in 52.6GHz frequencies are very narrow compared to those used in FR2 region more than 64 SSB beams may be needed for better beam sweeping. 
Therefore, in order to pack more beams in a given window and also to accommodate beam switching gap, new SSB designs should be studied. 

Observation 1: At least for 120KHz SCS, existing SSB design can be reused for NR above 52.6GHz

Proposal 1: Support for a new SSB design  to accommodate more number of SSB beams in the 5ms window and also to accommodate beam switching gap. 

One of the major problems with using frequencies above 52.6GHz is higher phase noise. It is estimated that phase noise increase by 3dB when the  carrier frequency increase by two times. Lower subcarrier spacings are more prone to effects of phase noise than higher subcarrier spacings. Among the possible SCS values considered for NR above 52.6GHz, i.e., 120KHz, 240KHz, 480KHz and 960KHz, impact of phase noise will be considerably higher when 120KHz is used for transmission. This might impact the performance of SSB in terms of coverage and SSB detection. Hence, solutions need to be defined to mitigate the impact of phase noise in SSB for 120KHz SCS.

Observation 2: For SSB with 120KHz SCS,  solutions for mitigating effect of phase noise need to be defined.

An alternative solution to mitigate the effect of phase noise during initial access is to use higher subcarrier spacing for transmitting SSB. As higher subcarrier spacings are lesser prone to effects of phase noise than lower subcarrier spacing, the detection of SSB will be improved  by using higher subcarrier spacings. A higher SCS for SSB can be used in addition to the existing 120KHz SCS. Among the agreed SCS values, it is easier to handle effects of phase noise with 480KHz and 960KHz.  Hence, 480KHz or 960KHz SCS should be supported for SSB transmission in NR above 526.GHz.

Proposal 2: 120KHz and one among 480KHz and 960KHz should be supported for SSB transmission in NR above 52.6GHz 



3 Conclusion

This contribution discussed the possible changes required in SSB design for NR above 52.6GHz.
Further, we summarize the observations and proposals as follows:

Observation 1: At least for 120KHz SCS, existing SSB design can be reused for NR above 52.6GHz

Observation 2: For SSB with 120KHz SCS,  solutions for mitigating effect of phase noise need to be defined.

Proposal 1: Support for a  new SSB design  to accommodate more number of SSB beams in the 5ms window and also to accommodate beam switching gap.

Proposal 2: 120KHz and one among 480KHz and 960KHz should be supported for SSB transmission in NR above 52.6GHz 
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