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1. Introduction
At RAN#90-e meeting, the revised item description [1] on supporting NR from 52.6 to 71 GHz was approved, which includes the following objectives:

	· 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
· 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.
· [bookmark: _Hlk58595024]Note: coverage enhancement for SSB is not pursued
· [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 



In this contribution, we discuss on initial access related aspects for supporting NR from 52.6 GHz to 71 GHz, including:
· SSB related aspects
· Minimum channel bandwidth
· PRACH related aspects


2. Discussion

2.1 SSB related aspects
· SCS for SSB
In SI phase, we discussed on several aspects related to SSB, including SSB SCS with detection performance evaluations and potential specification impacts with new SCSs. 

For each SCS, i.e., 120, 240, 480 and 960 kHz SCS, PSS and SSS detection performances and PBCH BLER performance had been evaluated by companies, and the results are captured in TR 38.808 [2]. According to the description in the TR, it is captured that for all of PSS, SSS and PBCH, the performances degrade as the SCS increases, while minor performance difference is observed between adjacent SCSs. For example, 6 out of 7 companies reported around or less than 1 dB performance difference on PSS/SSS detection between adjacent SCSs, and all 4 companies providing PBCH BLER evaluation results with multiple SCSs reported around or less than 1 dB performance difference on PBCH BLER between adjacent SCSs. Based on the results, we assume that although lower SCS seems slightly better for performances of PSS/SSS/PBCH, all of the candidate SCSs would be available for SSB in terms of detection performance and BLER performance. 

Observation 1: For SSB, all the candidate SCSs, i.e., from 120 kHz to 960 kHz, would be available in terms of detection/BLER performance.
· Lower SCS may be slightly better

For the selection of SCS to be supported for SSB, considering above, the reuse of Rel-15/16 SSB, i.e., 120 and 240 kHz SCS, could be the straightforward option. We believe 120 kHz SCS for SSB should be supported at least for the case with 120 kHz SCS used also for data/control, while we are not clear how much 240 kHz SCS for SSB could be beneficial. As clarified in WID, for data and control channels and reference signals, 120 kHz, 480 kHz and 960 kHz are supported in 52.6 – 71 GHz, and 240 kHz SCS is not supported for such channels and signals. Thus, if we support 240 kHz SCS for SSB, it would naturally require the mixed numerology operation between SSB and other channels/signals. Although FR2 already supports the mixed numerology operation between 240kHz SSB and 120kHz data/control, it is not so clear whether such mixed numerology operation is really necessary for 52.6 – 71 GHz since it would increase the implementation complexity compared to single numerology operation. In addition, there are other candidate SCSs such as 480/960 kHz for 52.6 – 71 GHz which is different from existing FR2 situation. SSB with 240 kHz SCS might be beneficial in terms of smaller beam sweeping overhead (i.e., time duration where analogue beam for transmission is constrained by SSB/CORESET#0/SIB1 transmission)  in time domain for the case of using large number of SSB beams, however, such benefit can be obtained by using 480 or 960 kHz SCS in case of 52.6 – 71 GHz. Since the number of SCSs to be supported should be minimized considering the limited discussion time in RAN1 due to e-meeting, we think that de-prioritization of supporting 240 kHz SCS for SSB may be reasonable. 

On the other hand, 480 and 960 kHz SCSs can be supported also for SSB. As described above, it was agreed that 480 and 960 kHz SCS are additionally supported for data/control channels and reference signals in 52.6 – 71 GHz. By supporting 480 and 960 kHz SCSs also for SSB, the system can work with single numerology among channels and signals. We believe such single numerology operation is beneficial since it can avoid some implementation complexity e.g., for frequent switching of numerology. SSB SCS(s) assumed for initial access should be further discussed separately, but supporting single numerology operation with higher SCSs as possible options is beneficial at least for non-initial access cases.

Proposal 1: For SSB SCS, in addition to 120 kHz, 
· 480 and 960 kHz SCS should be supported to achieve single numerology at least for non-initial access cases.
· FFS: which SSB SCS(s) is assumed for initial access in each band in 52.6 – 71 GHz


· Time domain SSB mapping
In order to support new SCSs (i.e., 480 and/or 960 kHz SCS) for SSB, there would be some other discussion points. One is time domain SSB mapping within a slot and within a half frame. In Rel-15/16, two or four SSBs are located in a single slot without guard symbols between them in FR2 (i.e., with 120/240 kHz SCS). Although time domain SSB mapping in FR2 should be a starting point for 52.6 – 71 GHz with 480/960 kHz SCS for SSB, whether/how to enhance time domain SSB mapping in 52.6 – 71 GHz with 480/960 kHz SCS for SSB should be discussed considering some 52.6 – 71 GHz specific features. 

[bookmark: _GoBack]When we consider adapting the existing SSB mapping in time domain (e.g., case D for 120 kHz SCS for SSB) for SSB with new SCSs, one potential issue is whether the consecutive transmissions of two SSBs without guard period is possible or not. With 480/960 kHz SCS, symbol/CP durations are shortened compared to 120/240 kHz SCS. Between transmissions of different SSBs, beam switching is performed at gNB since different beams are used for transmissions of different SSBs. In FR2 with 120/240 kHz SCS, the required time for such beam switching can be confined within the CP duration, and hence no guard period (symbol) between SSBs is required. However, in 52.6 – 71 GHz with 480/960 kHz SCS, it is not clear whether the required time for beam switching can be confined within the shorter CP duration or not. If the CP duration with 480/960 kHz SCS cannot cover the required time for beam switching, the existing SSB mapping in time domain may cause the degradation of SSB detection probability due to beam uncertainty within a SSB. 

There can be two potential approaches considered to deal with the beam switching related issue as described above. One is to reserve guard period with at least 1 symbol between SSBs in a slot. It may be relatively simple enhancement based on the existing SSB allocation in Rel-15/16 as it could be same or similar to case A or C SSB mapping within a slot. Another potential approach is to allocate only one SSB per slot. Compared to the former one, it will result in quite different SSB mapping for 480 and/or 960 kHz SCS compared to that for other SCSs. On the other hand, this approach could have a benefit considering, e.g., multiplexing SSB with CORESET#0 and SIB1 within a slot, as discussed in the following parts. Regardless of TDM and/or FDM between SSB and CORESET#0/SIB1, such one SSB allocation per slot can provide more available resources for CORESET#0 and SIB1 with consistent beam within a slot. 

Proposal 2: When new SCSs are supported for SSB, the two alternatives below can be considered for SSB mapping in time domain:
· Two SSBs per slot, with guard period of at least 1 symbol between the SSBs
· One SSB per slot


· Multiplexing between SSB and CORESET#0/SIB1
Another point is how to multiplex SSB with CORESET#0 PDCCH and SIB1 PDSCH. Three patterns are supported in Rel-15/16: a type with TDM (pattern 1) and two types with FDM (pattern 2 and 3). SSB is FDMed with SIB1 PDSCH and CORESET#0 is TDMed with the SSB/SIB1 in pattern 2, while SSB is FDMed with both CORESET#0 and SIB1 PDSCH in pattern 3. 

When we discuss multiplexing between SSB and CORESET#0/SIB1, beam sweeping overhead for transmitting SSB/CORESET#0/SIB1 should be considered with a basic principle that same analogue beam is applied to SSB/CORESET#0/SIB1. For instance, in case of TDM (pattern 1) between SSB and CORESET#0/SIB1, the beam sweeping overhead is larger than that in case of FDM (pattern 2/3) where the time duration is shortened by FDM between SSB and CORESET#0 and/or SIB1. However, when FDM is performed between SSB and CORESET#0/SIB1 to achieve smaller beam sweeping overhead, a minimum channel bandwidth defined for a band in 52.6 – 71 GHz needs to be sufficiently wide to cover SSB bandwidth + CORESET#0/SIB1 bandwidth. Otherwise, available resources for CORESET#0/SIB1 may be insufficient. In addition, if we just adapt the existing FDM approach for the case of single numerology operation such as pattern 2, the number of time domain symbols for SIB1 PDSCH may be insufficient considering large propagation loss in 52.6 – 71 GHz.

Based on above discussion, for single numerology operation with 480 or 960 kHz SCS, at least TDM between SSB and CORESET#0/SIB1 (i.e., pattern 1) can be supported.

Proposal 3: When new SCS(s) is supported for SSB and a single numerology is used for both SSB and CORESET#0/SIB1, at least TDM between SSB and CORESET#0/SIB1 can be supported.

On the other hand, if mixed numerology operation between SSB and CORESET#0/SIB1 is supported, the preferred multiplexing pattern would depend on the actual combination of SCSs between SSB and CORESET#0/SIB1. For example, considering that SSB with smaller SCS performs slightly better, a combination of 120 kHz SCS for SSB and 480 (or 960) kHz SCS for CORESET#0 and SIB1 may be possible. In this case, since a symbol duration of SSB is longer than that of CORESET#0/SIB1, the number of available symbols for SIB1 PDSCH may be sufficient even in case of FDM between SSB and SIB1 PDSCH such as in pattern 2. 

Proposal 4: When lower SCS is used for SSB compared with that used for CORESET#0/SIB1, FDM between SSB and SIB1 PDSCH such as in pattern 2 can be considered.


2.2 Minimum channel bandwidth

The minimum channel bandwidth to be defined for a band in 52.6 – 71 GHz would have a certain impact to initial access design. As described in section 2.1, available amount of resources for CORESET#0/SIB1 is dependent on the minimum channel bandwidth and hence it has an impact on the SSB/CORESET#0/SIB1 multiplexing design as well as SCS selection for SSB for initial access. In addition, a required number of synchronization raster points in a band is dependent on SSB bandwidth and minimum channel bandwidth, i.e., wider minimum channel bandwidth can lead to smaller number of required synchronization raster points assuming a fixed SSB bandwidth. Therefore, the minimum channel bandwidth for a band in 52.6 – 71 GHz would need to be discussed with some PHY aspects such as initial access design. In our view, the minimum channel bandwidth should be at least wider than 50 MHz which is the minimum channel bandwidth in FR2, i.e., it should not be same as FR2.

Proposal 5: Wider bandwidth than 50 MHz should be considered as minimum channel bandwidth for a band in 52.6 - 71GHz.


2.3 PRACH related aspects

Similar to SSB, we discussed on several aspects related to PRACH, including PRACH SCS with detection performance evaluations and potential specification impacts with new SCSs. 

For each SCS, i.e., 120, 240, 480 and 960 kHz SCS, PRACH detection performance had been evaluated by companies, and the result is captured in TR 38.808 [2] as well. According to the description in the TR, it is captured that with all the candidate SCSs, PRACH preamble detection performance for the same PRACH format show comparable performances, and 8 out of 9 sources reported minor performance difference (around or less than 1 dB) between adjacent SCSs for all evaluated candidate SCSs. Considering this, any candidate SCS is available for PRACH preamble in terms of the preamble detection performance. 

On SCS selection, another aspect is whether to consider SCSs for other channels/signals. In our view, as described earlier, single numerology operation, i.e., the same SCS between PRACH and other channels/signals, should be possible from implementation complexity perspective. Therefore, as SCSs for PRACH preamble, 480 and 960 kHz should be supported in addition to 120 kHz SCS. 

Proposal 6: For SCS of PRACH preamble, in addition to 120 kHz, 
· 480 and 960 kHz SCS should be supported to achieve single numerology operation

3. Conclusion
Observation 1: For SSB, all the candidate SCSs, i.e., from 120 kHz to 960 kHz, would be available in terms of detection/BLER performance.
· Lower SCS may be slightly better

Proposal 1: For SSB SCS, in addition to 120 kHz, 
· 480 and 960 kHz SCS should be supported to achieve single numerology at least for non-initial access cases.
· FFS: which SSB SCS(s) is assumed for initial access in each band in 52.6 – 71 GHz

Proposal 2: When new SCSs are supported for SSB, the two alternatives below can be considered for SSB mapping in time domain:
· Two SSBs per slot, with guard period of at least 1 symbol between the SSBs
· One SSB per slot

Proposal 3: When new SCS(s) is supported for SSB and a single numerology is used for both SSB and CORESET#0/SIB1, at least TDM between SSB and CORESET#0/SIB1 can be supported.

Proposal 4: When lower SCS is used for SSB compared with that used for CORESET#0/SIB1, FDM between SSB and SIB1 PDSCH such as in pattern 2 can be considered.

Proposal 5: Wider bandwidth than 50 MHz should be considered as minimum channel bandwidth for a band in 52.6 - 71GHz.

Proposal 6: For SCS of PRACH preamble, in addition to 120 kHz, 
· 480 and 960 kHz SCS should be supported to achieve single numerology operation
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