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Introduction
In this contribution, we discuss some potential updates to the WID for extending current NR operation to 71 GHz with regards to subcarrier spacing selection for synchronization signal block (SSB) needed to advance standardization efforts.

Discussion
Applicable subcarrier spacing for SSB in 60 GHz band
The approved WID defines the following objectives related to SSB design [1].
WI objectives related to SSB design
	· 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.
· Note: coverage enhancement for SSB is not pursued.
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.
Note 4: the system is designed to support both single-carrier and multi-carrier operation.




Investigation into supported subcarrier spacing for synchronization signal block (SSB) was conducted in RAN1 #104e. Unfortunately, after a 66 page long discussion on the topic [2], no conclusions were made. Instead it was agreed to determine whether or not support 240 kHz, 480kHz, and 960 kHz SCS for SSB and the conditions under which SSB for 240 kHz, 480 kHz, and 960 kHz may be supported will be decided no later than RAN1 #104bis-e.
In RAN1 #104bis-e, after 48 pages of discussion on the same issue [3], while there was a wide support to specify additional SCS for initial access, the only agreement that was reached was to support 480kHz and 960kHz for non-initial access cases without any CORESET#0/Type0-PDCCH signaling in MIB.
	RAN1 #104bis-e Agreement:
For the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB
· Note: Strive to minimize specification impact due to the new SCS for SSB




In RAN1 #105-e, after another 35 pages of discussion on the issue [4], while there was even more support to specify additional SSB SCS for initial access, due to two companies with formally sustained objection, further progress to standardize additional SCS for initial access was not agreed. Furthermore, a proposal to support CORESET#0/Type0-PDCCH configuration for MIB for 480kHz and 960kHz, which is critical to support ANR and CGI report by the UE was also not agreed due to formal sustained objection from one company.
	Proposal:
In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with following constraints.
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n261 is 602). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESTE#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
Formal objection sustained by: Huawei, MediaTek (would like to discuss at next meeting)


Proposal:
In addition to 120kHz, support both 480 and 960 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with following constraints.
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n261 is 602). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS i.e., (480,480) and (960,960).
· SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
Formal objection sustained by: Huawei, MediaTek (object to 960 kHz)


Proposal:
To support ANR and PCI confusion detection for 480/960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 480 and 960kHz SSB
· FFS: additional method(s) to enable support to obtain neighbor cell PCI and SIB1 contents related to CGI reporting
· Only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (480,480) and (960,960).
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· Note: From UE perspective, ANR detection for 480/960kHz SCS based SSB is not supported if the UE does not support 480/960 SCS for SSB.
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.
Formal objection sustained by: Huawei




While many technical proposals may have technical benefits versus drawbacks and may need to address technical feasibility, the proposals in question in RAN1 #105-e are technically feasible and relate to whether Rel-17 should support specific use cases. While there could be additional specification work associated with the proposal, the proposal is meant to serve a broader use case, is pretty fundamental to initial release for a new band.
For the subcarrier spacing for SSB, there are two components that require resolution. The first is the supported subcarrier spacing for SSB for initial access, and the second is whether for the supported subcarrier spacing whether Type0-PDCCH configuration will be configured by the MIB of the SSB. The first issue needs to be resolved to finalize the supported SSB patterns, and the second issue needs to be resolved to finalize the Type0-PDCCH configuration and CORESET#0 and SSB multiplexing patterns.
With the support of 120 kHz, 480 kHz, and 960 kHz subcarrier spacing (SCS) for data and control channels for NR operating in the 60 GHz band, it’s important to review how different SCS will be utilized from use case perspective. As this gives insights on how the rest of the signals should be used together.  Although there could be several use cases that could be applicable for different SCS, one of the main, and from our perspective the most important, use cases for the larger SCS, e.g. 960 kHz, deployments that are expected to require very high aggregated throughput but not necessarily require large coverage. Some examples could be industrial deployment scenarios such as data center inter-rack connectivity or enterprise indoor hot spot type of deployments.
The first release that enables a specific band should be designed to be robust such that future use cases and deployment scenarios can be supported. Initial access is something that will not be able to be changed without significant impact to backwards compatibility or great sacrifice to system overhead. Therefore, it is extremely critical to enable the wide range of use cases and deployment scenarios.
To this end, we believe support of 480kHz and 960kHz for initial access is important and should be something that needs to be decided in RAN plenary given that it was not possible to make progress in RAN1. We propose the following proposals for agreement and to be amended to the WID (if needed).
Proposal:
· In addition to 120kHz, support both 480 and 960 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with following constraints.
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS i.e., (480,480) and (960,960).
· SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· To support ANR and PCI confusion detection for 480/960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 480 and 960kHz SSB
· Note: From UE perspective, ANR detection for 480/960kHz SCS based SSB is not supported if the UE does not support 480/960 SCS for SSB.
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.

Conclusion
In this contribution, we provide further considerations and discussion on updating the WID for extending NR operation to 71 GHz. We propose the following for agreement and inclusion into the WID. 
Proposal:
· In addition to 120kHz, support both 480 and 960 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with following constraints.
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS i.e., (480,480) and (960,960).
· SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· To support ANR and PCI confusion detection for 480/960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 480 and 960kHz SSB
· Note: From UE perspective, ANR detection for 480/960kHz SCS based SSB is not supported if the UE does not support 480/960 SCS for SSB.
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.
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