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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN # 90 the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] new numerologies (480 kHz, 960 kHz) will be supported (section 4.1) and their possible design impact will be considered:
· [bookmark: _Hlk58583563]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
· 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.
· [bookmark: _Hlk60948532]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.
...
· 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.
...
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.
Initial Access 
The initial access comprises several steps such as synchronization, acquiring system information, random access that requires specification of SS/PBCH block (SSB), CORESET 0, PDCCH for SIB1 and PRACH. In this contribution we address some of the relevant issues related the initial channel access in beyond 52.6GHz band.
Previous Agreements
In RAN1 #103 [2] the mandatory support of 120 kHz SCS was agreed.
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 RAN1 #104b-e [4] the group agreed that 480kHz and 960kHz will be supported for SSB for non-initial access, that is not for cell defining SSB.
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
· [bookmark: _Hlk70671633]Note: Strive to minimize specification impact due to the new SCS for SSB
Cell Defining SSB (CD-SSB)
When an SSB is associated with an RMSI, the SSB is referred to as a Cell-Defining SSB (CD-SSB) (TS 38.300, Clause 5.2.4, [5]). The CD-SSB has associated a CORESET for Type0-PDCCH CSS set.
“Upon detection of a SS/PBCH block, the UE determines from MIB that a CORESET for Type0-PDCCH CSS set, as described in Clause 13, is present if k_SSB<24 [4, TS 38.211] for FR1 or if k_SSB<12 for FR2. 
The UE determines from MIB that a CORESET for Type0-PDCCH CSS set is not present if k_SSB>23 for FR1 or if k_SSB>11 for FR2; the CORESET for Type0-PDCCH CSS set may be provided by PDCCH-ConfigCommon.”
The SSB which are not associated with an RMSI are used for measurement. Based on prior agreement the measurement SSB may support any of 120kHz, 480kHz or 960 kHz SCS.

Discussions on cell defining SSB subcarrier spacing 
Whether higher SCS should be supported for SSB other than initial access case is an open problem that should be decided based on technical merits and added complexity. 
The Beyond 52.6GHz WID establishes that the support of 480 kHz and 960 kHz SCS is optional for UE. The optionality implies that not all UEs or all gNBs are expected to support all these SCS. 
Observation 1: The optionality of 480 kHz and 960 kHz SCS implies that not all UEs or all gNBs are expected to support these SCS.
The gNB will know that a UE supports 480kHz or 960 kHz SCS only after UE declares its capabilities, i.e. UE is in the RRC_CONNECTED mode.  
The WID establishes that a common design should be used for 480 kHz and 960 kHz SCS, therefore it implies that either both or none of these two SCS are supported for initial access.
Observation 2: WID implies that either both (480 kHz, 960 kHz) or none of these two SCS should be supported for the initial access.
The RAN1 group recently agreed to strive to minimize specification impact due to the new SCS for SSB. A minimum specification impact, in our understanding, means that no unnecessary features are added. It worth noting that without any further agreement i.e. having only 120 kHz SCS for initial access, the system is perfectly operational. Moreover, the SCS 120 kHz and 240 kHz specifications are already in FR2, therefore using these two SCS for a cell defining SSB and initial access has a minimum impact to the specification. 
Observation 3: The support of 120 kHz and 240 kHz for cell defining SSB is already defined in FR2, therefore reusing them for 60 GHz would have a minimal impact on the specifications.
The arguments for the addition of 480 kHz and 960 kHz are merely for the optimization purposes. Several companies noted that the ANR, PCI confusion or reducing the BWP switches are optimization features that can be addressed in other ways than having 480 kHz and 960 kHz SCS for cell defining SSB.
Observation 4: Higher SCS (480 kHz, 960 kHz) support for the initial access (cell defining SSB, and CORESET#0) is not necessary for operation in 60 GHz, it rather solves optimization problems.
Indeed, the initial access can be done via 120 kHz SSB, CORESET#0, PDSCH (SIB1) and initial BWP. Once connected the UE can be directed, if it supports the right SCS and if it is possible by the channel conditions to a different BW with different SCS.
One of the design goals in NR design (Rel 15/Rel 16) was the reduction of complexity, and therefore latency for initial access. This translated in supporting a very small number of numerologies for the initial access. TS 38.301-1 [7]  Clause 5.4.3 specifies the numerologies (SCS) for SS/PBCH block for FR1 (15kHz and 30 kHz) and for NR-U (30 kHz) and TS 38.301-2 [8] defines numerologies for SS/PBCH block for FR2 (120 kHz, 240 kHz). 
Observation 5: RAN1 strived in the past (Rel15, Rel16) to reduce complexity of the initial access with no more than two supported numerologies for SS/PBCH block.
Where the search complexity for the initial access is the product of raster synchronization points (specified in TS 38.301), the number of SSB time opportunities (TS 38.213 [10]) and the number of supported SCS for cell defining SSB. 
Observation 6: The search complexity for cell defining SSB is proportional with the number of supported SCS for SSB.
 Cell (re) selection
Cell (re) selection is done when UE is in IDLE_MODE, and UE needs to change to a better cell to not compromise future paging messages. During the cell (re)selection UE uses IDLE_MODE measurements and cell selection criteria. The UE is not required to report measurements to the network and makes the decisions on its own.  Because the 120 kHz SCS is mandatory all the UE will support cell reselection that uses 120 kHz SCS SSB. The cell reselection is not affected if there are no 480/960 kHz SCS CD-SSB.  
Observation 7: The cell reselection is not affected if CD-SSB will not support 480/960 kHz SCS.  
PCI Confusion and ANR
One of the main issues raised in RAN1#104b-e related of SSB numerology for initial access was the PCI confusion and ANR support for higher SCS.
The Automatic Neighbor Relation (ANR) function resides in gNB and manages neighbor cell relations (NCR) database (adds new entries, updates existing entries, and deletes entries) in the neighbor cell relation table (NCRT). The exact function is described in TS 38.300, Clause 15.3.3:
“An existing NCR from a source cell to a target cell means that gNB controlling the source cell:
a)	Knows the global and physical IDs (e.g. NR CGI/NR PCI, ECGI/PCI) of the target cell; and
b)	Has an entry in the NCRT for the source cell identifying the target cell; and
c)	Has the attributes in this NCRT entry defined, either by OAM or set to default values.
NCRs are cell-to-cell relations, while an Xn link is set up between two gNBs. Neighbour Cell Relations are unidirectional, while an Xn link is bidirectional.”
NR supports up to 1008 PCIs numbers, and the PCI allocation is locally unique in a network. When 3 or more networks are deployed in the same area in the shared spectrum, it may happen that two potential target cells neighboring the same source cell have the same PCI. When this it happens, it creates a PCI “confusion”. To eliminate this confusion, the gNB may request the UE to report the Global-CIDs corresponding to these PCIs, which provided in SIB1.
Some remarks can be made on possible PCI confusion: 
· In an enterprise deployment, i.e. in a controlled environment, it is expected to be a single network deployed, and therefore such confusion should not exist.
· SA deployments: because the 120 kHz SCS support is mandated, the PSCells support at least 120 kHz for SSB, CORESET0 and SIB1. All the SSBs (including measuring SSB) corresponding to the same cell have the same PCI, therefore in a SA the PCI confusion could be solved by accessing SIB1 information provided via CORESET0 at 120 kHz SCS.
In other words, the PCI confusion can be avoided when CD-SSB does not support 480/960 kHz SCS. The UE report will return NoSIB1, and the confusion is solved at higher layers by requesting UE to provide the Global CID from the 120 kHz SCS CORESET#0/ PDSCH (SIB1) for those PCIs.
Observation 8: PCI confusion is an issue solved at the higher layers.

Discussion on CORESET#0, PDSCH (SIB1) SCS
Another subject of RAN1 discussions was the SCS of CORESET#0 (CORESET for Type0-PDCCH CSS set), and PDSCH (SIB1). 
Some companies proposed having support 480/960 kHz CORESET#0/type0-PDCCH configuration with 120/240 kHz SSB, not with 480/960 kHz SSB. 
We note that so far in NR specifications (FR1/FR2/NR-U) the CORESET#0 supports only SCSs of CD SSB, with the same SCS SSB and CORESET#0 is usually preferred.
Because 480kHz, and 960 kHz SCS are optionally supported, a mixed configuration of 120kHz for CD SSB and 480kHz (or 960 kHz) for CORESET#0 will not allow all UEs to be able to access CORESET#0, which would create artificially roadblocks for the initial access. There is no clear use case scenario for such combination.
Observation 9: The support of optional SCSs for CORESET#0 may disallow many UEs the initial access.
Discussion of PRACH SCS for CBRA
TS 38.331 specifies the SCS for PRACH messages as follows:
“subCarrierSpacingCommon
Subcarrier spacing for SIB1, Msg.2/4 for initial access, paging and broadcast SI-messages. ... For operation with shared spectrum channel access (see 37.213 [9]), the subcarrier spacing for SIB1 is same as that for the corresponding SSB and this field instead is used for deriving the QCL relation between SS/PBCH blocks as specified in TS 38.213, clause 4.1.”
Observation 10: NR-U supports a single subcarrier spacing for CD-SSB, SIB1, Msg2/4.

Where we go from here?
As we mentioned, the debate in RAN1 of the SCS supported for CD SSB is still open with strong arguments on each side. Based on the above observations it appears that the group has to choose one of the following options:
Option1: Support of a single SCS (120 kHz) for CD SSB, CORESET#0 and PRACH for initial access offers the simplest solution, with least specification impact while being compatible with existing agreements and NR-U design (a single SCS for initial access). This option would require all UEs to use a single SCS to connect and the gNB to switch UE BWP to a higher SCS, if necessary. The sweeping time for CD SSB would be about the same as FR2, when LBT is not necessary.
Option 2: Support of 240kHz SCS for initial access would offer a shorter sweeping time for the 64 directional beams that can be supported, and it would be in line with FR1/FR2 licensed approach for initial access. The support of 240 kHz SCS has minimal impact to the specifications, as 120kHz and 240kHz are already supported in FR2. If 240kHz is supported for initial access, and it is optional to be supported by the UE for initial access, it would have some of the drawbacks of Option 3 and Option 4.
Option 3: Support of one additional SCS for initial access other than 240 kHz SCS, such as 480 kHz or 960 kHz, would offer shorter sweeping time, direct access from BWP (480 or 960 kHz) to SIB1 information. The price paid is additional specifications, violation of WID that requires similar design for 480 and 960 kHz SCS, possible waste of resources if few UEs support that SCS, and no guarantee that all gNB would offer this SCS for initial access.
Option 4: Support of two or three additional SCS would have the benefits and the drawbacks of Option2  and Option 3, at the price of even higher complexity both for specifications and UE initial search, and departure from exiting NR design, which uses either two or a single SCS for initial access.
Option 5: Support a single SCS (120kHz) for CD-SSB and support additional higher SCS (480kHz/960 kHz) for CORESET#0, SIB1 signaled in CD-SSB, or by other means. This option does not provide a better sweep time than Option 1 and allows SIB1 reading from BWP with higher SCS.  The drawbacks are the same as in Option 3 and Option 4, given that 480kHz and 960 kHz are optional, which lead to waste of resources as not all UE will support these SCS, and does not guarantee that all gNB would support such CORESET and therefore may be ineffective. 
Proposal 1: Support no more than one additional SCS for CD-SSB. If an additional SCS is supported, the support should be mandatory for CD-SSB.
Proposal 2: Support only the CD-SSB SCSs in for CORESET#0, SIB1, PRACH CBRA.
  
Discovery Burst 
During RAN1# 104b-e [4] it was agreed to support discovery burst (DB) for 60 GHz unlicensed band, the support for the while the discovery burst transmission window (DBTW) and additional details were left for FFS.
Agreement:
· For operation with shared spectrum channel access of NR 52.6 – 71 GHz, support discovery burst (DB) and define the DB same as in Rel-16 TS 37.213 [9] Section 4.0
· [bookmark: _Hlk70927457]FFS: Support discovery burst transmission window (DBTW) at least for SSB with 120 kHz SCS with the following requirements
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· FFS: applicability of DBTW design for 120kHz to SSB with 480kHz and 960kHz SCS
· [bookmark: _Hlk70927719]Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· FFS: details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· FFS: details of how to inform UEs of the configuration of DBTW

TS 38.213 defines the candidate symbols for SS/PBSCH transmissions. For SCS 120kHz there are 64 candidate transmissions for SS/PBCH in half of frame. In the licensed bands the index of the candidate transmission and SS/PBCH are the same.
Discovery burst (DB) is defined for NR-U in TS 37.213 as a DL transmission burst including a set of signal(s) and/or channel(s) confined within a window and associated with a duty cycle.  
For NR-U the SS/BCH transmissions are confined in a transmission window, named DBTW, that can take values in {0.5, 1, 2, 3, 4, 5} ms with the default value 5ms (half of frame), starting with the first symbol of the first half of frame. 
In a DBTW, only a subset of SS/PBCH indexes, indicated by the bitmap ssb-PositionsInBurst, is further selected for possible transmissions.
In NR-U, the SS/PBCH transmissions (in the same DBTW or across DBTW) that have the same value for   are quasi-located with respect to the average gain and spatial direction.  is an index of a DM-RS sequence transmitted in a PBCH of a corresponding SS/PBCH block, and  is provided by ssb-PositionQCL.
The DBTW offers a more flexible framework for initial cell search, for instance allowing a better load balancing between SS/PBCH transmissions and data traffic.  In addition, limiting the window of SS/PBSCH transmission could allow their exclusion from CCA check based on short control signal exempt.
Proposal 3: Support DBTW at least for SSB with 120 kHz SCS with the following requirements:
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
For geographic areas where the LBT is not mandated and where the out of network traffic is very low, for instance in the enterprise scenarios, the DB benefits are diminished. In these scenarios it is expected that the network operates as in the licensed spectrum, and the DB (DBTW) is not necessary. 
Proposal 4:  Support mechanisms to indicate or inform UEs that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs.
As per Beyond 52.6 GHz WID, both LBT and No LBT modes of initial channel access will be supported. Therefore, when LBT operation is not enabled, the UE MSG1 (or MSGA) is sent without prior sensing the channel. Even when the LBT operation is required, some transmissions, such MSG1 may be exempt of LBT under the short control signaling exclusion.  Therefore, gNB should be able to signal a UE in the IDLE mode if the LBT is necessary during the RACH process and thereafter.
Proposal 5: Support signaling to indicate that LBT is disabled or enabled for the RACH procedure for UE in IDLE and CONNECTED modes.
The presence in DB of CSI-RS may be used for beam refinement purposes.  If CSI-RSs are provided in the discovery burst, they may help for further beam refinement. For instance, if  gNB transmit several CSI-RS signals within the DB,  UE may measure the CSI-RSs and select the best one as direction for sending a RACH preamble, or UE may report to gNB the strengths of  CSI-RS in the MSGA or MSG3 as refined beam selection. 
Proposal 6: Consider using CSI-RS presence in the discovery burst for possible ways to do beam refinement during the initial channel access.  
When LBT is enabled for the initial access, it is expected that directional LBT to be used for sensing and transmissions. When LBT is enabled, UE may be required to verify that the channel is clear prior to sending the RACH preamble. If UE selects a single SS/PBCH block direction to send a RACH preamble, after a directional LBT, UE may find that direction is busy and therefore try again later, which delays its initial access. Even when UE performs directional LBT and the channel is found available, a blockage may lead to failure of MSG1 reception.
To provide a robust and timely initial access UE may select multiple SS/PBCH blocks for the initial access. Then UE performs directional LBT toward the selected SS/PBCH blocks received directions and send RACH preambles toward multiple directions where the directional LBT was successful. 
Proposal 7: Consider selection of multiple SS/PBCH blocks at UE to perform transmissions of multiple RACH preambles (MSG1/MSG A) during initial channel access.
We note that having the RACH exchange totally or partially exempt from LBT makes sense for the regions where the regulations allow some transmissions, such short control signaling, to be LBT exempt for channel access. Therefore, the gNB should be able to disable the LBT usage during the PRACH and signal it to UE.
Proposal 8:  When RACH exchange may be considered as short control/management frames that can be exempt from LBT, gNB should signal to UEs if RACH exchange is LBT exempt. 
PRACH
In RAN1#104-e most companies showed their support for having all available PRACH formats in 60GHz band.  RAN4 proposed that the minimum channel bandwidths are 100 MHz for SCS 120kHz, and 400 MHz for SCS 480kHz and 960kHz.
Higher SCS (480 kHz and 960 kHz) corresponds to shorter to a shorter OFDM symbol and cyclic prefix (CP) (145ns and 72 ns), which make them suitable for deployments within smaller cells that usually have small channel delay spreads. Therefore, it is preferable that only short sequence length to be supported for PRACH sequences at 480kHz and 960 kHz if 480kHz and/or 960 kHz SSB SCS is agreed to be supported.  
Proposal 9:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, support 480 and 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.

[bookmark: _Ref129681832]Conclusion
Observation 1: The optionality of 480 kHz and 960 kHz SCS implies that not all UEs or all gNBs are expected to support these SCS.
Observation 2: WID implies that either both (480 kHz, 960 kHz) or none of these two SCS should be supported for the initial access.
Observation 3: The support of 120 kHz and 240 kHz for cell defining SSB is already defined in FR2, therefore reusing them for 60 GHz would have a minimal impact on the specifications.
Observation 4: Higher SCS (480 kHz, 960 kHz) support for the initial access (cell defining SSB, and CORESET#0) is not necessary for operation in 60 GHz, it rather solves optimization problems.
Observation 5: RAN1 strived in the past (Rel15, Rel16) to reduce complexity of the initial access with no more than two supported numerologies for SS/PBCH block.
Observation 6: The search complexity for cell defining SSB is proportional with the number of supported SCS for SSB.
Observation 7: The cell reselection is not affected if CD-SSB will not support 480/960 kHz SCS.  
Observation 8: PCI confusion is an issue solved at the higher layers.
Observation 9: The support of optional SCSs for CORESET#0 may disallow many UEs the initial access.
Observation 10: NR-U supports a single subcarrier spacing  for CD-SSB, SIB1, Msg2/4.
Proposal 1: Support no more than one additional SCS for CD-SSB. If an additional SCS is supported, the support should be mandatory for CD-SSB.
Proposal 2: Support only the CD-SSB SCSs in for CORESET#0, SIB1, PRACH CBRA.
Proposal 3: Support DBTW at least for SSB with 120 kHz SCS with the following requirements:
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
Proposal 4:  Support mechanisms to indicate or inform UEs that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs.
Proposal 5: Support signaling to indicate that LBT is disabled or enabled for the RACH procedure for UE in IDLE and CONNECTED modes.
Proposal 6: Consider using CSI-RS presence in the discovery burst for possible ways to do beam refinement during the initial channel access.  
Proposal 7: Consider selection of multiple SS/PBCH blocks at UE to perform transmissions of multiple RACH preambles (MSG1/MSG A) during initial channel access.
Proposal 8:  When RACH exchange may be considered as short control/management frames that can be exempt from LBT, gNB should signal to UEs if RACH exchange is LBT exempt. 
Proposal 9:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, support 480 and 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.
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