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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. 
· 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.

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.
Discovery Burst Transmission Window
During RAN1# 104-e [2] it was agreed to further discuss the support of discovery burst transmission window for 60 GHz unlicensed band.
Agreement:
· For an unlicensed band that requires LBT, further study whether/how to support discovery burst (DB) and discovery burst transmission window (DBTW) at least for 120 kHz SSB SCS
· If DB supported 
· FFS: What signals/channels are included in DB other than SS/PBCH block
· If DBTW is supported
· 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.
· 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
· The following points are additionally FFS:
· How to indicate candidate SSB indices and QCL relation without exceeding limit on PBCH payload size
· Details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· Whether or not to support DBTW for SSB SCS(s) other than 120 kHz if other SSB SCS(s) are supported

Discovery burst (DB) is defined for NR-U in TS 37.213 [3] 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. In NR-U a DB includes at least an SS/PBCH block consisting of a primary synchronization signal (PSS), secondary synchronization signal (SSS), physical broadcast channel (PBCH) with associated demodulation reference signal (DM-RS) and may also include CORESET for PDCCH scheduling PDSCH with SIB1, and PDSCH carrying SIB1 and/or non-zero power CSI reference signals (CSI-RS).
In NR-U the type of LBT prior to the DB depends of whether the transmission(s) duration is larger than 1ms or whether the transmission causes the discovery burst duty cycle to exceed 1/20.
The draft EN 302 567 v2.2.0 [4] includes a clause for short control signaling, which stipulates that for short control transmissions (shorter than 10ms in any 100ms window) the LBT is not necessary. 
When transmitting 64 SS/PBCH blocks with a 20 ms periodicity the requirement of 10% duty cycle for short control cannot be satisfied. In these cases, the LBT must be performed prior to SS/PBCH transmission, and therefore the introduction of DB, like that defined in NR-U, may be beneficial.
For geographic areas where the LBT is not mandated, for instance in the USA, when 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 is not necessary.  
The Beyond 52.6GHz WID [1] specifies that in the 60 GHz unlicensed spectrum both LBT and No LBT channel access will be supported.
Proposal 1: The UE LBT channel access operation in 60 GHz unlicensed spectrum may be disabled by the gNB when LBT operation is not mandated by the spectrum regulations. 
Therefore, during the initial contention based random access a UE may be required to execute a LBT or not prior to its transmissions. Because the LBT channel access may be enabled or disabled by gNB, a mechanism must be defined to inform UEs in RRC_IDLE (IDLE) and RRC_CONNECTED (CONNECTED) modes that the LBT operation is enabled or disabled.
For instance, if LBT operation is not enabled, the UE MSG1 (or MSGA) may be 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 2: Signaling to indicate that LBT is disabled or enabled for the RACH procedure may be provided to UE in IDLE mode via system information block or during random access procedure (for instance via RAR, or MSG 4). 
Proposal 3: Signaling to indicate that LBT is disabled or enabled for the RACH procedure may be provided to UEs in CONNECTED mode via RRC.
As it was mentioned above, when LBT is enabled for congested scenario discovery burst transmission window (DBTW) support is beneficial to deal with possible LBT failures. Therefore, the DBTW should be supported for such scenarios. 
Proposal 4: Support DBTW for 60 GHz unlicensed spectrum. The DBTW may be disabled or enabled by the gNB.
An example of DBTW disable situation is when the short control signal constraint is satisfied by gNB DB transmissions.
As RAN1 agreed, when DBTW is supported, the mechanisms to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs must be defined. When a UE executes the initial channel access, the UE is still in the IDLE mode of operation and decodes the SS/PBCH block to obtain the necessary information to receive the PDSCH carrying the system information (SIB1).
Proposal 5: Signaling to UEs to indicate that DBTW is enabled and disabled should be supported.
Example of such signaling are via the system information block (SIB1) for UEs in IDLE mode, and via RRC commands to UEs in CONNECTED mode.
As basis for DBTW design the NR-U DBTW should be considered, for instance, DBTW may contain the SS/PBCH block, CORESET#0, PDSCH (SIB1) and CSI-RS. 
Proposal 6: Use the NR-U DBTW design as basis for DBTW in 60 GHz design.
The presence in DB of CSI-RS may be used for beam refinement purposes.  During the RACH procedure, UE sweeps over multiple spatial directions and multiple SS/PBCH occasions on the sync raster to find a strong SS/PBCH block transmission. If at least one of the SS/PBCH block with SS-RSRP above rsrp-ThresholdSSB is available, UE selects an SS/PBCH block with SS-RSRP above rsrp-ThresholdSSB else UE may select any SS/PBCH block to initiate random access procedure. The UE then randomly selects a preamble to transmit in one of the RACH Occasions (RO) associated to the reference signal (SS/ PBCH block) selected. Each RO has associated 64 preambles.
The RACH preamble is transmitted to the direction of selected SS/PBCH block. Based on the received preamble and the specific RO the gNB may identify the SS/PBCH and therefore the direction (spatial domain receive filter) that UE selected as the strongest. Then gNB sends back to UE a MSG2 (Random Access Response) via derived beam. 
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.
[image: ]
Figure 1, DB with SSB and CSI-RS for beam refinement  
Proposal 7: 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. 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. If the LBT is not required, for instance when the RACH preamble is sent as a short control signaling (no LBT), sending multiple preambles (MSG1) to multiple directions, increases the chances of being received at  gNB despite potential blockages.

[image: ][image: ]
Figure 2, UE selects multiple SSBs and sends multiple MSG1 

Proposal 8: Consider selection of multiple SS/PBCH blocks at UE to perform transmissions of multiple RACH preambles (MSG1/MSG A) during initial channel access.
In the last meeting, many companies supported the approach where the message exchange between gNB and UE may be considered as an exchange of short control signals and therefore exempt from LBT. This approach would reduce the latency for 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 9:  When RACH exchange is considered as short control/management frames that can be exempt from LBT, gNB should signal to UEs if RACH exchange is LBT exempt. 
Example of such signaling are for UEs in the IDLE mode via the system information block, and for UEs in the CONNECTED mode via RRC commands.

Numerology and SSB pattern
In the RAN1#104 -e meeting the group agreed that
Agreement:
· Whether or not to support 240 kHz, 480kHz and 960kHz 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.

None of the proposed solutions achieved yet a general consensus, multiple companies expressed support for 480kHz and 960kHz SCS for SSBs other than for initial channel access.   RAN1 already decided to mandate the 120 kHz SCS and its support for initial channel access SSB. We also note that the NR specs already supports 120 kHz SCS for FR2 SSB (initial and noninitial), moreover there is an ongoing discussion in RAN4 whether to extend FR2 band to beyond 52.6 GHz. In this context, we do not see the need and the value in adding more SCS for the initial SSB. Keeping a single SCS for the initial channel access, which is already supported in FR2, would substantially simplify the implementation and the device behavior.
Proposal 10: Support only 120kHz SCS for initial channel access dedicated SSB (i.e. SSB with MIB that indicates that the CORESET for Type0-PDCCH CSS set is present). Support adding higher SCS (480 kHz and 960 kHz) for non-initial access SSBs.
We note that the FR2 specs already support the same SCS for SS/PBCH blocks and corresponding CORESET for Type0-PDCCH CSS [5][6].  For this combination both TDM and FDM pattern multiplexing are suitable. There was little discussed in the group the SCS for CORESET #0, which in FR2 support both 60kHz and 120 kHz SCS.  Having the same SCS (120 kHz) for SSB and CORESET#0 would simplify initial access by avoiding a numerology change necessary for the support of  When SSB and CORESET multiplexing pattern 3 is used, both SSB and system information broadcast are sent FDM with e same SCS. The PDCCH monitoring occasions correspond to SSB symbols 0 and 1 and PDSCH is assumed to be multiplexed in symbols 2 and 3. We note that pattern 2 in NR specs is defined for combinations of different numerologies of SSB and system information broadcast. More precisely, pattern 3 requires that SSB SCS is larger than SCS used for system information broadcast (PDCCH and PDSCH for SIB1). In beyond 52.6GHz such pattern is not applicable unless larger SCS will be supported for SSB.
Proposal 11: Support SSB and CORESET#0 multiplexing pattern 1 (different slots), and pattern 3 (same slots).

PRACH
In RAN1#104-e most companies showed their support for having all available PRACH formats in 60GHz band.  We note that the minimum and the maximum channel bandwidth and the support 480kHz and/or 960 kHz SSB SCS are still under discussions.
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 12:
· 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, 
· if 480kHz and/or 960 kHz SSB SCS is agreed to be supported, support 480 and/or 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.


RA-RNTI 
In RAN1 #104-e it was decided that if 480 and/or 960 kHz PRACH SCS is supported, RAN1 should study whether the current RA-RNTI calculation and PRACH identification in RAR correctly provides unique identification of PRACH. 
In NR the RA-RNTI is used to identify the transmission time of the RACH preamble during the ra-ResponseWindow.
ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},

In Rel 15 the ra-ResponseWindow size was limited to maximum 80 slots, which corresponds to a frame duration (10ms) when SCS is 120kHz (largest SCS in NR so far). With the addition of 480/960 kHz SCS the RN-RNTI span of 80 slots becomes too small and it cannot cover all the slots in a 10ms frame i.e. 320 slots and respectively 640 slots. In addition, the RA-RNTI is limited by its size (16 bits) and when replacing 80 with 320 or 640 in the RA-RNTI formula one gets numbers larger than 16 bits. 

Looking at the Rel-16 NRU extension can provide some suggestion for how to handle this for 60 GHz..


 In Rel 16 the maximum ra-ResponseWindow was extended for NR-U purposes to up to 160 slots.

  ra-ResponseWindow-v1610             ENUMERATED {sl60, sl160}                                             

A new 2-bit field,  LSBs of SFN, in DCI format 1_0 was used  to extend the ra-ResponseWindow to up to 40 ms (4 frames). 
A similar approach to that used in Rel-16 may be used to extend the RA-RNTI formula for higher SCS. In other words, the maximum number of slots in formula may be the same as in Rel-16 (160). This approach will limit the ra-ResponseWindow to 5ms and 2.5ms for 480 and 960 kHz, respectively. We note that the maximum COT in 60GHz unlicensed spectrum is limited to 5ms by ETSI. If such ra-ResponseWindow is too short, adding a two bit field in DCI can extend it to 10ms or larger. 

Proposal 13: If 480 and/or 960 kHz PRACH SCS is supported, use Rel-16 solution as basis for extension of RA-RNTI formula for higher SCS.
[bookmark: _Ref129681832]
Conclusion
Proposal 1: The UE LBT channel access operation in 60 GHz unlicensed spectrum may be disabled by the gNB when LBT operation is not mandated by the spectrum regulations. 
Proposal 2: Signaling to indicate that LBT is disabled or enabled for the RACH procedure may be provided to UE in IDLE mode via system information block or during random access procedure (for instance via RAR, or MSG 4). 
Proposal 3: Signaling to indicate that LBT is disabled or enabled for the RACH procedure may be provided to UEs in CONNECTED mode via RRC.
Proposal 4: Support DBTW for 60 GHz unlicensed spectrum. The DBTW may be disabled or enabled by the gNB.
Proposal 5: Signaling to UEs to indicate that DBTW is enabled and disabled should be supported.
Proposal 6: Use the NR-U DBTW design as basis for DBWT in 60 GHz design.
Proposal 7: Consider using CSI-RS presence in the discovery burst for possible ways to do beam refinement during the initial channel access.  
Proposal 8: Consider selection of multiple SS/PBCH blocks at UE to perform transmissions of multiple RACH preambles (MSG1/MSG A) during initial channel access.
Proposal 9:  When RACH exchange is considered as short control/management frames that can be exempt from LBT, gNB should signal to UEs if RACH exchange is LBT exempt. 
Proposal 10: Support only 120kHz SCS for initial channel access dedicated SSB (i.e. SSB with MIB that indicates that the CORESET for Type0-PDCCH CSS set is present). Support adding higher SCS (480 kHz and 960 kHz) for non-initial access SSBs.
Proposal 11: Support SSB and CORESET#0 multiplexing pattern 1 (different slots), and pattern 3 (same slots).
Proposal 12:
· 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, 
· if 480kHz and/or 960 kHz SSB SCS is agreed to be supported, support 480 and/or 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.

Proposal 13: If 480 and/or 960 kHz PRACH SCS is supported, use Rel-16 solution as basis for extension of RA-RNTI formula for higher SCS.
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