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Introduction
[bookmark: _Hlk510705081]The work item on extending NR operation to frequency bands from 52.6 GHz to 71 GHz was updated at RAN#92-e [1]. Before that 3GPP carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz [2]. In this contribution we continue the discussion on the following objectives of the WID (Note: changes compared to previous version highlighted):
	· 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 addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/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 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
· 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: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)
· Note: Dependency or lack thereof for a UE supporting 480kHz and/or 960kHz numerology for data and control to also support 480kHz SSB numerology for initial access is to be tackled as part of UE capability discussion.
· Support ANR and PCI confusion detection for 120, 480 and 960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 120, 480 and 960kHz SSB
· FFS: additional method(s) to enable support to obtain neighbour cell SIB1 contents related to CGI reporting
· Only 1 CORESET#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).
· Prioritize support SSB-CORESET#0 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.




Discussion
Support of different channel access mechanisms for initial access 
The support of DB and DBTW was discussed in RAN1#104bis-e and following agreement was made:
	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 37.213 Section 4.0
· 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
· 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




In RAN1#105e following agreements were made:
	Agreement:
FFS: Support DBTW at least for 120kHz 
· FFS whether DBTW will be applicable for 480/960 kHz SSB SCS 
· If DBTW is supported for 480/960kHz SSB: 
· For the case agreed in RAN1 #104bis-e where 480/960 kHz SSB location and SCS are explicitly provided to the UE (non-initial access), indication of DBTW configuration (e.g. enable/disable of DBTW,  , and DBTW length) are supported by dedicated signaling.
· For 120kHz SSB, support mechanism to distinguish at least the following scenarios: 
· Case 1) (Unlicensed with LBT off) + DBTW disabled
· Case 2) (Unlicensed with LBT on) + DBTW enabled
· Case 3) (Unlicensed with LBT on) + DBTW disabled
· Case 4) (Licensed) + DBTW disabled
· FFS: Whether/how LBT on/off is indicated in MIB 
· If not indicated in MIB, then FFS whether/how the UE determines different sizes of DCI 1_0 with CRC scrambled by SI-RNTI
· FFS: whether any case(s) can be combined for DBTW signaling design and how to handle implications to DCI 1_0 size ambiguity if is not distinguished in signaling
· FFS: whether all above cases need an explicit indication
· FFS: Whether a single indication can be used for combination of more than one cases
· For 120 kHz SSB, enable/disable of DBTW is indicated by one or more of the following methods: 
· Option 1) signaling in MIB 
· Option 1-1) disabling DBTW is jointly coded with 
· Option 1-2) indicated by other bit fields in MIB
· FFS: among options 1-1 and 1-2
· Option 2) distinct GSCN used by the SSB
· Option 3) By comparing the value of   in MIB and DBTW length after UE reads SIB1 or by comparing the value of   in MIB and default DBTW length of 5 ms before UE reads SIB1.
· FFS: whether to support option 1, 2, 3, or any combination of the options.
· Note: enable/disable signaling of DBTW by MIB or GSCN does not preclude other signaling methods

Agreement:
If DBTW is supported,
· Working assumption: MIB signaling to support
· Alt A) indication of  at least for 120kHz SSB 
· In this case, the total number of values of  to not exceed 4
· Alt B) Explicit indication of SSB index and/or SSB candidate location 
· FFS on the details of signaling
· FFS between Alt A, or B, or supporting both
· Supported DBTW lengths 
· Alt 1) 0.5, 1, 2, 3, 4, 5 msec 
· Note: same as Rel-16 FR1 NR-U
· Alt 2) maximum 5 msec 
· FFS other values
· FFS between Alt 1 and 2
· [bookmark: _Hlk79144586]Number of candidate positions when DBTW is enabled 
· For 120kHz SSB 
· FFS between 64 or 80
· If DBTW is additionally supported for 480/960kHz SSB 
· FFS between 64 or 128




Hence, as per agreement it was concluded to determine whether there is a need to support DBTW, at least for SSB with 120kHz sub-carrier spacings (and possible other channels). In relation to DBTW, also the option of applying Short Control Signal exemption (SCSe) to SSB and to other initial access channels was discussed, and in context of Channel Access agenda item the option to operate with both, LBT and wo-LBT, are being considered. Correspondingly, the following agreement was made in RAN1#104e:
	Agreement:
· SSB transmission with LBT is supported, at least when the conditions for contention exempt short control signalling based SSB transmission is not met 
· Note the channel access for SSB with LBT may not be different from a normal COT with multiple beams
· FFS: If any difference from a multi-beam COT LBT needs to be introduced



In RAN1#104bis-e, it also correspondingly agreed that SCSe can be applied for SSBs:
	Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.
· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule
· FFS: Whether this can be applied to all supported SCS or specific SCS.
· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH
· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)
· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc

Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.
· RMSI PDCCH and RMSI PDSCH
· Other broadcast PDSCH
· PDSCH without user-plane data 
· PDCCH
· CSI-RS
· PRS
· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)
Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.
FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.





Supporting DBTW
In RAN1#106-e the discussion for DBTW design was continued with following agreements, while the final question whether to support DBTW (for any sub-carrier spacing) was left open:-
	Working assumption:
For 120kHz SSB, the number of candidates SSBs in a half frame is 64.

Agreement:
For DBTW with 120kHz SCS (if supported), support DBTW lengths {0.5, 1, 2, 3, 4, 5} msec
· Note: this should be the same as Rel-16 NR-U DBTW lengths.
· 



As the time to complete work for Rel-17 is getting short, it would seem preferable, in the case that the DBTW is supported, that the discussion and the agreements could be applied to all sub-carrier spacings (120kHz, 480khz and 960kHz) to maximum extent so that the design could be jointly applied. Hence, it is proposed that RAN1, in the case that DBTW is supported, aligns the designs for all sub-carrier spacings.
[bookmark: _Ref82421802][bookmark: _Hlk84000544]Proposal 1: The design for DBTW, if supported, is common to different sub-carrier spacings.
In the case of SSB pattern for 480kHz and 960kHz, the preferred option in earlier meetings was to consider either max 64 candidate locations (i.e. no additional candidate locations) or max 128 candidate locations (i.e. 64 additional candidate locations). Following the Proposal 1 above, and the working assumption regarding the number of candidate SSB locations in half frame for 120kHz, it is proposed to confirm the working assumption and also assume also 64 candidate locations for 480kHz and 960kHz.
Proposal 2: Confirm the working assumption on number of SSB candidate locations in a half frame for 120kHz:
Working assumption:
For 120kHz SSB, the number of candidates SSBs in a half frame is 64
Proposal 3: For 480kHz and 960kHz, the number of SSB candidate locations in a half frame is 64.

Value range for 
[bookmark: _Hlk82766582]Following the working assumption from last meeting for 120kHz, while the support of DBTW is open, the DBTW can be applied only in scenarios where the number of actually transmitted SSBs is equal or less than 32. This is, at least, if the NR-U based method for determining the candidate locations (based on ) is supported. While the support of DBTW, and the method to provide the  is open (MIB being the working assumption), we first consider the number of states for . The two alternatives captured in FL summary in last meeting [11] were two or four states. In case of two states of  the value ranges considered where {16,64} or {32,64}, and in case of four states considered value range was {8,16,32,64}. Evident difference between different  is that higher granularity offers option to have more additional candidate locations per SSB (when DBTW length is kept fixed) i.e.  per SSB, with the cost of additional signalling overhead. When considering the option to use short control signalling exemption is possible for in most regions, enabling to transmitting a portion of the SSBs without LBT (e.g. 56 SSBs with 20ms SSB periodicity at 120kHz) and that  does not imply any lower limit for the number of actually transmitted SSBs, there does not appear to be any specific need for DBTW for low number of SSBs, while for the larger number of SSBs, especially at 120kHz sub-carrier spacings, there could be some benefit to support DBTW. 
Observation 1: It would seem preferable to enable to support of higher number of SSBs with DBTW (if supported) as lower number of beams could be tackled with short control signal exemption.
Indicating =32 would enable also one additional candidate location for each SSB when lower number of SSBs (than 32) is used, thus in principle there would not be large necessity for fine granularity in terms of  values.
Observation 2: High granularity for  values may not be needed. 
[bookmark: _Hlk84000660]Proposal 4: If DBTW is supported,  is supported. FFS for need for other values.

DBTW length for 480kHz and 960kHz
As a part of the agreements made in RAN1#106e, it was agreed that the discoveryBurstWindowLength values for 120kHz sub-carrier spacing, if the DBTW is supported, the Rel-16 NR-U values are re-used, but the values for 480kHz and 960kHz were left open. Now, the final agreement for the SSB locations in slot level for 480kHz and 960kHz is still pending, but using the different options for slot level pattern presented in Section 2.2 as a baseline, it can be seen that the total SSB burst duration is (approximately) in range of 1.5ms and 0.5ms, for 480kHz and 960kHz sub-carrier spacing, respectively. Considering different number of SSBs, and using the Proposal 11 as a starting point for 480kHz and 960kHz sub-carrier spacing SSB slot pattern, the minimum time window to contain different number of SSB candidate locations is given in Table 1. Also, the time for 120kHz sub-carrier spacing is given as reference, assuming the Case D pattern. The number of candidate SSB locations is selected based on the number of candidate values that can be indicated with considered  values. 
Few observations can be made from the table. First, in case of 120kHz, where discoveryBurstWindowLength values {0.5, 1, 2, 3, 4, 5} ms were agreed to be used (if DBTW is supported), the number of candidate locations corresponding to the DBTW length values are {8,16,28,40,52,64} for 120kHz sub-carrier spacing. Hence, the agreed DBTW length values for 120kHz sub-carrier spacing and the time window lengths required for the considered SSB candidate locations (i.e.  = {8,16,32,64}) do not match very tightly. From this perspective it does not seem necessary to exactly align the DBTW window lengths and SSB candidate locations for 480kHz and 960kHz either. Hence, while introducing new values to fit more closely to the time window lengths required for  SSB candidate locations could be done, there does not seem to be absolute necessity to do so specifically for 480kHz and 960kHz. 
[bookmark: _Ref82782613]Table 1. Time window for SSB candidate locations
	Number of SSBs
	Time window length for different number of SSB candidate locations for different sub-carrier spacings [ms]

	
	120kHz
	480kHz
	960kHz

	8
	0,5
	0,125
	0,0625

	16
	1,00
	0,25
	0,125

	32
	2,75
	0,625
	0,3125

	64
	4,75
	1,375
	0,6875



[bookmark: _Ref83025294]Proposal 5: If DBTW is supported, the supported values for discoveryBurstWindowLength are same as used for Rel-16 NR-U also for 480kHz and 960kHz: 0.5, 1, 2, 3, 4, 5 ms

Signalling related aspects
One of the discussion points in last meeting was that MIB should already indicate UE whether LBT is on or off in order to reduce UE’s blind decodes of DCI format 1_0 with CRC scrambled by SI-RNTI in SIB1 reception phase. Other related discussion was whether to align the DCI format 1_0 sizes for licenced and unlicenced. 
For 120kHz, and possibly also 480kHz and 960kHz, the possible SSB candidate positions and Type0-PDCCH monitoring occasions (time domain locations) are not dependent on the LBT on/off nor licenced/unlicenced operation. The valid SSB positions are to an extent dependent on the DBTW on/off (if supported) based on the applied  value. Thus based on the detected SSBs, UE could restrict the SSB monitoring in additional candidate locations (SSB index+1 >) for the serving cell, but not for neighbouring cells. For Type0-PDCCH, if  (<64) is provided in MIB, UE would be able to determine the possible the Type0-PDCCH monitoring occasions (based on the detected SSBs), when DBTW is applied (e.g. corresponding to both [ SSB index, SSB index + ]). However, UE’s should be also able to operate when DBTW is not applied (i.e. =64), and thus be able to monitor all the possible Type0-PDCCH monitoring occasions. Hence, it would not neither appear absolutely necessary to provide DBTW indication explicitly in the MIB either, but if  value is provided in MIB and if  = 64 DBTW being disabled can be determined implicitly.
Observation 3: Presence of DBTW on/off information can have minor impact on Type0-PDCCH monitoring.
As in cell selection phase, when UE is performing (only) Type0-PDCCH monitoring to acquire SIB1 i.e. looking only for DCI format 1_0, we don’t see it as a big UE complexity burden if the UE needs to perform two hypothesis for two different DCI sizes while doing the PDCCH monitoring in cell selection phase. UE has to be able to monitor four different DCI sizes in CONNECTED mode. Based on this it does not appear necessary to provide in MIB explicitly the LBT on/off or unlicenced/licenced operation indication
[bookmark: _Hlk84000790]Observation 4: At least for 120kHz sub-carrier spacing, possible candidate SSB positions and Type0-PDCCH monitoring (time domain locations) are not dependent on the LBT on/off.
Observation 5: Explicit indication of the LBT on/off or licenced/unlicenced can be provided later, e.g. in SIB1.
Proposal 6: Provide LBT on/off and DBTW indication in SIB1. (Note: licenced/unlicenced operation is assumed to be already part of SIB1 via frequency band information.)
[bookmark: _Hlk84000801]Proposal 7: Do not provide separate, additional indication for DBTW on/off in MIB. (Note it would be possible to provide the indication implicitly e.g. part of .)


On the support of SCSe
SCSe would allow max 10ms transmission within 100ms time window without applying LBT. Depending on the SSB sub-carrier spacing, applied number of SSBs and the period, it may not be able to fit all SSBs to 10ms window. In Table 2 we summarise the total transmission time required by SSBs (4 symbols each) with different sub-carrier spacings and SSB periodicities. It can be seen from the Table 2 that in order to enable transmission of all 64 SSBs under SCSe, SSB period would need to be at least 40ms, 20ms or 10ms, for 120kHz, 240kHz, and 480kHz SSB sub-carrier spacing respectively. 
[bookmark: _Ref68520397]Table 2. Time reserved by 64 SSBs within 100ms with different assumptions.
	[bookmark: _Hlk68536599]SSB periodicty (ms)
	Max number of SSB bursts in 100ms
	Max time reserved by 64 SSBs for different sub-carrier spacings

	
	
	120kHz
	240kHz
	480kHz
	960kHz

	5
	20
	45,7
	22,9
	11,4
	5,7

	10
	10
	22,9
	11,4
	5,7
	2,9

	20
	5
	11,4
	5,7
	2,9
	1,4

	40
	3
	6,9
	3,4
	1,7
	0,9

	80
	2
	4,6
	2,3
	1,1
	0,6

	160
	1
	2,3
	1,1
	0,6
	0,3



Alternatively, when considering for example SSB with 120kHz sub-carrier spacings, with 20ms SSB periodicity, only 56 SSB could be transmitted under SCSe. The maximum number of SSBs that could be transmitted under SCSe is depicted in Table 3 for different SSB sub-carrier spacings and SSB periods.
[bookmark: _Ref68521603]Table 3. Maximum number of SSBs that could be transmitted under SCSe (10ms/100ms) with different assumptions.
	SSB periodicty (ms)
	Max number of SSB bursts in 100ms
	 Max number of SSBs that can be transmitted under SCSe

	
	
	120kHz
	240kHz
	480kHz
	960kHz

	5
	20
	14
	28
	56
	64

	10
	10
	28
	56
	64
	64

	20
	5
	56
	64
	64
	64

	40
	3
	64
	64
	64
	64

	80
	2
	64
	64
	64
	64

	160
	1
	64
	64
	64
	64



[bookmark: _Hlk68522831]Hence, when SCSe can be used, depending on SSB sub-carrier spacings and SSB periodicity, only sub-set of SSBs can be covered by it. 
[bookmark: _Hlk71616318]Observation 6: Depending on SSB sub-carrier spacings and SSB periodicity, only sub-set of total SSBs can be covered by short control signal exemption. 
As discussed in last meeting, different approaches can be considered to handle this. Firstly, if all SSBs cannot be covered by SCSe, the SSBs that do not fall under the SCSe would need to follow the LBT procedure to initiate COT. It would not seem necessary to mandate that all SSBs need to fall under SCSe to be able to apply SCSe at all. Hence it should be possible to determine per SSB whether to apply SCSe or whether LBT is needed. (Note per agreements in Channel Access agenda item, TDM of beams with in a COT is allowed). 
Proposal 8: It is possible to apply SCSe to one part of actually transmitted SSBs and LBT procedure for other/rest of the SSBs.
As shown in Table 3, with 120kHz sub-carrier spacings, at maximum 56 SSBs can be sent under SCSe allowance. Now the question raised in last meeting was that whether these 56 SSBs are fixed or whether network can choose to which SSBs LBT is used and which are sent under SCSe allowance. SCSe definition does not mandate fixed transmission time within 100ms sliding window, but only that the 10ms transmission time is not exceeded in any 100ms window. Hence, from this perspective it would seem possible to allow network to choose which SBBs are sent under SCSe allowance and to which LBT is used. There are different ways to achieve this; in a fully flexible manner where gNB could choose dynamically in every SSB burst/discovery window that which SSBs are sent based on SCSe and which are sent (or not) based on LBT, or in a more static or predetermined manner where choice for SSB ‘grouping’ to {SCSe or LBT} is done in advance e.g. in a periodic manner. In latter case the expected pattern could be informed to the UE, while in fully flexible case UE would need to assume both options for each SSB. 
Proposal 9: Consider semi-static or predetermined mechanism to determine which SSBs are under SCSe and which under LBT in certain time windows. 


[bookmark: _Ref82780494]SSB slot level pattern
In RAN1#104bis-e it was agreed that the SSB pattern for 120kHz re-uses the FR2 Case D pattern, and in RAN1#106e the symbol locations of the SSBs for 480kHz and 960kHz were agreed as follows:- 
	Agreement:
For 480kHz and 960kHz sub-carrier spacing, first symbols of the candidate SSB have index {2, 9} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame.




What was not yet concluded, was the slots indexes (in half frame) where SSB candidate locations are. In following we will discuss this aspect.
In Rel-15 SSB pattern design for FR2, the SSBs are distributed over the 5ms window so that there are few slots that do not contain SSBs enabling e.g. UL transmission every 1ms (for duration of 0.25ms). This was done to accommodate URLLC or some other high priority traffic. I.e. there is a gap of 2 slots every 16 SSBs for 120kHz. Assuming full SSB sweep of 64 SSBs and 2 SSB positions per slots would mean that a contiguous sweep would last for 1ms or 0.5ms, for 480kHz and 960kHz respectively. This would mean that UL transmissions would be occurring every 1ms even without reserving any specific gaps between the SSBs. 
[bookmark: _Hlk84000952]Observation 7: Maximum UL interruption due to continuous SSB pattern would last for 1ms or 0.5ms, for 480kHz and 960kHz respectively. 
Based on the RAN4 LS reply[5], the UL-DL (/DL-UL) switching time is open for 480kHz and 960kHz, while ~7us value will be re-used for 120kHz sub-carrier spacing. Now while RAN4 has not reached a firm conclusion for the UL-DL switching time for higher sub-carrier spacings, it would be preferable if RAN1 could make progress on the SSB pattern design. As RAN1 has already concluded that there will be 2 SSB candidate locations per slot the space for UL symbols within the slot is restricted. Assuming that in any case (with either sub-carrier spacing) the UL-DL/DL-UL switching time would span over several symbols (e.g. 3-4 symbols at 480kHz and 5-7 symbols with 960kHz) it would appear that in order to preserve gaps for UL transmission separate slots are needed. 
Observation 8: In SSB pattern design for 480kHz and 960kHz, if UL transmission is to be enabled within the SSB pattern, separate slots are needed.   
While to total SSB sweep length is short, enabling shorter UL interruption via UL gaps in the SSB pattern would be preferable. Hence having SSB ‘sub-sweep blocks’ separated by few slots without SSBs (e.g. for UL transmission) could be considered. To enable sufficient improvement over the 1ms in FR2, aiming to 0.25ms SSB ‘sub-sweep blocks’ could be considered. 
[bookmark: _Hlk84001068]Proposal 10: Support in for 480kHz and 960kHz SSB pattern design with slots without SSB candidate locations at every 0.25ms.
As noted above, the UL-DL/DL-UL switching time sets different requirements for different sub-carrier spacings for the minimum duration of the gap. I.e. for 480kHz sub-carrier spacing [DLUL+ULDL] transition would require roughly half a slot, while for 960kHz sub-carrier spacing full slot is required. Hence it could be considered to have different gap lengths for each sub-carrier spacings. Also, to meet 0.25ms time between UL transmission occasions number of SSBs in the ‘sub-sweep block’ could be different. In Table 4 below we depict some alternatives for the design of the slots. Namely, limiting the max sub-sweep block length to 0.25ms and adjusting having either 3 or 4 slots without SSB candidate locations.    
[bookmark: _Ref79148644]Table 4. Possible slot patterns with SSB candidate locations
	Sub-carrier spacing
	Number of SSBs in ‘sub-sweep block’
	Number of ‘sub-sweep blocks’
	Number of slots without SSB candidate locations between the ‘sub-sweep blocks’ 
	Total SSB sweep length
	n

	480kHz
	16 (8 slots/0.25ms)
	4
	3
	41 slots (~1.28ms)
	n={0,1,2,3,4,5,6,7, 11,12,13,14,15,16,17,18,
22,23,24,25,26,27,28,29,
33,34,3,5,36,37,38,39,40}

	960kHz
	16 ((8 slots/0.125ms)
	4
	3
	41 slots (~0.64ms)
	-‘’-

	480kHz
	16 (8 slots/0.25ms)
	4
	4
	44 slots (~1.38ms)
	n={0,1,2,3,4,5,6,7, 12,13,14,15,16,17,18,19,
24,25,26,27,28,29,30,31,
36,37,38,39,40,41,42,43}

	960kHz
	16 (8 slots/0.125ms)
	4
	4
	44 slots (~0,69ms)
	-‘’-

	960kHz
	32 (16 slots/0.25ms)
	2
	4
	36 slots (~0.56ms)
	n= {0,1,2,3,4,5,6,…,15,
20,21,22,23,24,…,34,35}



When considering these different alternatives, it is good to observe that the ‘gaps’ between slots containing SSB could of course be used for different purposes. One alternative is to use these also for LBT prior the SSB ‘sub-sweep’. Accounting this, it could be considered that having 4 slot ‘gap’ between the ‘sub-sweep blocks’ could be preferable. Also, while it would be possible to meet 0.25ms separation between the ‘empty’ slots with 32 SSBs for 960kHz sub-carrier spacings, for sake of simplicity it could be considered to have identical SSB slot patterns for both sub-carrier spacings.
[bookmark: _Ref82781944][bookmark: _Hlk84001096]Proposal 11: Define SSB slot pattern for 480kHz and 960kHz sub-carrier spacing so that 8 consecutive slots are contain SSB candidate locations, followed by 4 slots are left unoccupied (by SSBs), until all SSBs locations are accounted. Determine the slot indexes n for candidate locations as follows:  
· The slot indexes n={0,1,2,3,4,5,6,7,
12,13,14,15,16,17,18,19,
24,25,26,27,28,29,30,31,
36,37,38,39,40,41,42,43}

Alternative approach would be to try to align 480kHz and 960kHz sub-carrier spacing SSB patterns so that slots where SSBs are transmitted would be time aligned.

Type0-PDCCH CORESET and monitoring configuration
In RAN1#106-e following agreement was made regarding Type0-PDCCH CORESET configuration for 480kHz and 960kHz sub-carrier spacing:
	Agreement:
For ‘controlResourceSetZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz,
· Support the following set of parameters.
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 

	1 
	24
	2

	1 
	48
	1

	1 
	48
	2


· Note: the number of entries corresponding the same {mux pattern, number of RB, number of symbol} tuple (listed above) will depend on required RB offsets that needs to be supported based on channel and sync raster design.
· FFS: addition other set of parameters



 
In RAN1#105e received an reply LS from RAN4 [10] considering options for the minimum and maximum channel bandwidths for different sub-carrier spacings. RAN4 has further discussed these and current agreements and ‘starting points for different sub-carrier spacings are as
· 120kHz: Min. 100MHz, Max. 400MHz
· 480kHz: Min. 400MHz, Max. 1600MHz
· 960kHz: Min. 400MHz, Max. [2GHz]

In following sections we consider the aspects related to Type0-PDCCH CORESET and CSS configurations.
Type0-PDCCH CORESET configuration
In following Table 5 we summarise the bandwidth if different CORESET RB configuration options.
[bookmark: _Ref82437716]Table 5. CORESET BW with different number of RBs and sub-carrier spacings
	Number of RBs

	CORESET bandwidth [MHz]

	
	120kHz
	480kHz
	960kHz

	24
	35,56
	138,24
	276,48

	48
	69,12
	276,48
	552,96

	96
	138,24
	552,96
	1105,92



In Rel-15, for number of symbols for CORESET, , values {1, 2} are supported for multiplexing pattern1 and value {2} for multiplexing pattern 3 with SSB and Type0 CORESET multiplexing {120,120} case. For CORESET RB configurations, , with 24 and 48 RB are supported in Rel15. Based on last information provided by RAN4 [10] it would seem possible to also support these values for beyond 52GHz. For higher frequency band operation where wider carrier bandwidths can be considered it could be useful to consider also wider options for initial DL BWP, accounting also the possible licenced band utilization. Hence, option to support CORESET RB configuration of 96 RB could be considered. 
Proposal 12: For CORESET#0 with 120kHz sub-carrier spacing, consider supporting also ={96} for multiplexing pattern 1. 
As per agreement in RAN1#106e, [{, }] pairs [{24, 2}, {48,1}, {48,2}] are supported for SSB and Type0 CORESET multiplexing pattern 1 for {480,480} kHz and {960,960} kHz case. The support for multiplexing pattern 3 was left open in last meeting. If multiplexing pattern 3 is supported for 480kHz sub-carrier spacing, value ={2} would seem appropriate when two SSB candidate locations are in same slot, with ={24, 48}.   
[bookmark: _Hlk84001304]Observation 9: For SSB and CORESET#0 with 480kHz sub-carrier spacing with SSB and CORESET#0 multiplexing pattern 3, following configuration options could be considered:
· ={2}
· ={24, 48}.


Type0-PDCCH CSS configuration
The configuration of the Type0-PDCCH CSS was discussed in last meeting without a firm conclusion. The Type0-PCCCH CSS configuration for multiplexing pattern 1 (in FR2) is quoted in Table 6 below. In following we will consider the different parameters for 480kHz and 960kHz sub-carrier spacing. 

[bookmark: _Ref83992203]Table 6: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR2 [Table 13-12 of 38.213]
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	2
	2.5 
	1
	1
	0

	3
	2.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	6
	0
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	7
	2.5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	8
	5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	9
	7.5
	1
	1
	 0

	10
	7.5
	2
	1/2
	 {0, if [image: ] is even}, {7, if [image: ] is odd}

	11
	7.5
	2
	1/2
	 {0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved



Offset ‘O’ provides a slot offset from the beginning of radio frame for the Type0-PDCCH monitoring occasions. The value is in milliseconds. As it can been from Table 6, the supported non-zero values are 2.5, 5 and 7.5 ms. With values 2.5ms and 7.5ms, it is possible to offset the start of the Type0-PDCCH monitoring from start of the half frame. As shown earlier the full 64 SSB burst take 1.375ms with 480 kHz SCS and 0,6875ms with 960 kHz sub-carrier spacing, with the pattern proposed in Section 2.2. In order support allocations of Type0-PDCCH monitoring occasions “right after” the SSB burst the value of 1.5 ms for 480 kHz and the value of 0.75 ms for 960 kHz could be used. In other words, values {0, 1.5, 5, 6.5} ms for 480 kHz and values {0, 0.75, 5, 5.75} ms for 960 kHz could be used. On the other hand, to simplify the design a common values could be provided for both SCS options, namely {0, 1.5, 5, 6.5} ms. 
[bookmark: _Hlk84001498]Proposal 13: Support the following ’O’ values for both 480 and 960 kHz sub-carrier options: {0, 1.5, 5, 6.5} ms.
For number of search space sets per slot and the shift/sliding value ‘M’ we think that same values as for FR2-1 could be considered, i.e. values for number of search space sets per slot of {1,2} and M={1, 1/2} would be supported. Additionally M={2} could also be considered.
Proposal 14: Support values {1,2} for the number of search space sets per slot, and values {1, 1/2} for the shift M. Additionally, given room in table also M={2} could be supported.
To complete the configuration, values for first symbol index would need to be determined. For parameter tuplet {number of search space sets per slot, M}={1,0} or {1,2} the first symbol index value of {0} should be supported. For the configuration with {number of search space sets per slot, M}={2,1/2} at least the first starting symbol configuration { {0, if [image: ] is even}, {7, if [image: ] is odd}}.
Proposal 15: Support first symbol index configuration options 0 and {0, if [image: ] is even}, {7, if [image: ] is odd} 

Based on the above discussion configuration presented in Table 7 options are proposed:
[bookmark: _Ref83993940][bookmark: _Hlk84001606]Table 7: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 for 480kHz and 960kHz sub-carrier spacing
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	1
	1
	0

	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	1.5 
	1
	1
	0

	1.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	5
	1
	1
	0

	5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	6.5 
	1
	1
	0

	6.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	0
	1
	2
	0

	5
	1
	2
	0



[bookmark: _Hlk84001576]Proposal 16: Support Type0-PDCCH CSS configuration presented in Table 7 for multiplexing pattern 1.
[bookmark: _Hlk79137039]As per agreement in RAN1#104bis-e, at least the same SSB and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, number of symbols (duration of CORESET#0) that are supported in Rel-15/16 for {SS/PBCH Block, CORESET#0 for Type0-PDCCH} = {120, 120} are also supported for 120kHz case in >52GHz.
Observation 10: For {SS/PBCH Block, CORESET#0 for Type0-PDCCH}={120, 120} pattern 1 and pattern 3 are supported in Rel-15.
Based on the RAN#92-e, RAN1 should first focus to finalize the aspects related to SSB and CORESET#0 multiplexing pattern 1 and then, if time allows, conclude the details for additional multiplexing patterns. It is good to note that while the SSB pattern for 120kHz in FR2-2 has been agreed to be the same as for FR2-1, the SSB and CORESET#0 multiplexing pattern 3 could require some adaptation if full flexibility of selecting any pattern for any channel bandwidth at any raster location would be desired, depending on the RAN4 SS raster design. If, like in Rel-15, it is sufficient that some combination of CORESET#0 size and multiplexing pattern is applicable, SSB and CORESET#0 multiplexing pattern 3 of FR2-1 would not necessarily require any changes and could be applied for FR2-2. This would depend in addition to the SS-raster (GSCN) design selected also from the final spectrum utilization value i.e. transmission channel bandwidth configuration. 
Observation 11: For {SS/PBCH Block, CORESET#0 for Type0-PDCCH} = {120, 120}, FR2-1 multiplexing pattern 3 could be in principle re-used for FR2-2.
Proposal 17: Consider also SSB and CORESET#0 multiplexing pattern 3 for 120kHz SSB.
Other open aspect is that if the number of entries needed by SSB and CORESET#0 multiplexing pattern 1 need to be increased significantly e.g. due to number of offset options required per CORESET#0 size, so that there would not be anymore room in the table (max 16 entries), multiplexing pattern 3 may not be supported. This would be clarified once the range of frequency offset values are determined.
For the 480kHz sub-carrier case, assuming 24PRB and 48 PRB CORESET (#0) configurations result in ~138MHz and ~276MHz bandwidths, respectively. Considering that the UE minimum bandwidth should be at least as wide as the minimum carrier bandwidth, it would seem feasible to support at least multiplexing pattern 1 with both 24PRB and 48 PRB CORESET#0 size. For pattern 3, total bandwidth (SSB +CORESET#0) would be in the range of 254MHz and ~392MHz for CORESETs of 24RB and 48RB respectively. 
[bookmark: _Hlk84001765][bookmark: _Hlk71617266]Proposal 18: Pending on the UE minimum BW capability, consider also SSB and CORESET#0 multiplexing pattern 3 for 480kHz SSB.

PRACH
PRACH for initial and non-initial access
Aspect related to RACH were discussed in RAN1#104-e and the following agreement was made:
	Agreement:
· 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.
· FFS: support of sequence length L = 571, 1151
· FFS: Support of 480 and/or 960 kHz PRACH SCS for initial access use cases, if 480 and/or 960 kHz SSB SCS is agreed to be supported for initial access




The sequence lengths L=571 and L=1151 with 480 and 960 kHz SCSs the bandwidths are illustrated in Table 8. The support of L=571 for 480kHz sub-carrier spacing was left open in RAN1#106e. 
[bookmark: _Ref83805036]Table 8: Bandwidths of sequence lengths
	L
	Bandwidth of different sequence lengths [MHz]

	
	480kHz
	960kHz

	571
	274,08
	548,16

	1157
	552,48
	1104,96



It’s considered that the minimum supported bandwidth will be 400 MHz at maximum for 480kHz and 960kHz. Thus, it can be noticed L=1151 cannot be supported either with 460 or 960 kHz SCS if the bandwidth is 400 MHz. The same applies for L=571 using 960 kHz SCS. It was discussed in last meeting whether L=571 should be supported for 480kHz to enable reaching maximum conducted transmission power of 27dB for the selected fixed wireless scenario. Accounting the slightly increased transmission power and processing gain (139 vs 571), supporting L=571 for 480kHz, could provide some benefit.
[bookmark: _Hlk84001788]Proposal 19: Support L=571 for PRACH with 480kHz.
RO configuration and mapping
Regarding the RO configuration and mapping the following agreement were made in RAN1#106-e:
	Agreement:
· For 480 and 960kHz PRACH:
· The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index,  , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.

Agreement:
· For 480 and 960kHz PRACH:
· at least the same RO density in time domain (i.e. number of specified RO per reference slot according the PRACH configuration index)as for 120kHz PRACH in FR2 is supported
· FFS: Support gap between consecutive ROs in time domain and the details to derive the gap





For FR2 the RACH configuration table assumes 60 kHz as a reference SCS. ROs are determined based on the following fields [TS38.211]:
	PRACH
Config. 
Index
	Preamble format
	[image: ]
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	0
	A1
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	6
	2

	1
	A1
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	6 
	2



For example, PRACH slots of PRACH configuration index 0 using 120 kHz SCS in the slot number 39 defined by 60 kHz reference SCS would be as in Figure 1.
[image: ]
[bookmark: _Ref68160710]Figure 1 PRACH slots of RACH configuration index #0 in the slot #39 defined by 60 kHz reference SCS.
PRACH slot of PRACH configuration index 1 using 120 kHz SCS in the slot number 39 defined by 60 kHz reference SCS would be as in Figure 2.
[image: ]
[bookmark: _Ref68160832]Figure 2 PRACH slots of RACH configuration index #0 in the slot #39 defined by 60 kHz reference SCS.

It has been agreed not to increase the number of SSBs beyond 64. With the same logic, the number of ROs within the PRACH association period does not need to be increased. Also, it’s considered that RACH load would not increase compared to FR2. Importantly, gNB’s processing requirements should be taken into account when designing the RO configuration and mapping for 480 and 960 SCSs. In other words, a design principle should be not to increase gNB’s detection load if/when new SCSs (480 or 960 kHz) are applied for the PRACH compared to FR2. Thus, the RO configuration for 480 kHz and 960 kHz SCSc could be provided using the configuration table of FR2 where 60 kHz SCS is used as a reference SCS and the PRACH slots both in 480 and 960 kHz would follow the principle of applied for the 120 kHz SCS: 
· If “Number of PRACH slots within a 60 kHz slot” is 1, then there is one PRACH slot with 480 or 960 kHz SCS among the slots defined by the 60 kHz reference slot
· If “Number of PRACH slots within a 120 kHz slot” is 2, then there are two PRACHs slot with 480 or 960 kHz SCS among the slots defined by the 60 kHz reference slot

The RO mapping based on the agreements quoted above are illustrated in Figure 3 and Figure 4.
[image: ]
[bookmark: _Ref68165757]Figure 3 PRACH slot for 480 and 960 kHz SCS when “Number of PRACH slots within a 60 kHz slot” is 1.
[image: ]
[bookmark: _Ref68165760]Figure 4 PRACH slots for 480 and 960 kHz SCS when “Number of PRACH slots within a 60 kHz slot” is 2.

In relation to RO definition, the possibility to have gaps for LBT or beam switching has been proposed. Considering the RACH formats with the possible sequence lengths, the need for beam switching gap would depend on the duration of the CP, i.e. whether the beam switch could be considered to be carrier within the PRACH preamble CP (plus some margin). Based on the RAN4 LS [5], the duration of the gNB beam switch time is [59us]. Comparing this to the CP duration of different PRACH formats, presented in Table 9, it can be observed that the PRACH CP duration for all formats exceeds the assumed time required for beam switching gap quite much. 
Observation 12: CP duration of all PRACH formats, exceeds the time assumed for beam switching gap.
[bookmark: _Ref83108328]Table 9: PRACH preamble CP length
	PRACH format
	


	PRACH CP duration
[ns]

	
	
	120kHz
	480kHz
	960kHz

	A1
	288
	1172
	586
	146

	A2
	576
	2344
	1172
	293

	A3
	864
	3516
	1758
	439

	B1
	216
	879
	439
	110

	B2
	360
	1465
	732
	183

	B3
	504
	2051
	1025
	256

	B4
	936
	3809
	1904
	476

	C0
	1240
	5046
	2523
	631

	C2
	2048
	8333
	4167
	1042



In Channel Access agenda the different option for carrier sensing has been discussed. While the discussion has not yet been concluded on all parts, the duration of energy deferral period has been agreed to be 8us. Thus, in scope of reserving LBT gaps between the ROs, following options could be envisioned:
· Cat-3 LBT is assumed prior PRACH, requiring 8us+N*5us time gap, where N is the number of CCA slots, e.g. 23us with 3 CCA slots
· CAT-2 LBT is assumed, requiring 8us 

If CAT-3 LBT is assumed, 3, 11 or 21 symbols for 120kHz, 480kHz and 960kHz, respectively, would need to be reserved per RO for the LBT. Assuming an explicit gap before each RO is allocated for the LBT, this would imply for 480kHz and 960kHz that in total a minimum of one full slot or two slots (for given sub-carrier spacing) would be needed to be reserved additionally for PRACH to accommodate LBT gaps between the ROs. If CAT-2 LBT could be assumed, for 120kHz sub-carrier spacing 1 symbol gap would suffice but for 480kHz and 960kHz, a 4 symbol or 8 symbol gaps would need to be assumed. Accounting the possible PRACH formats (PRACH Formats A1~A3, B1~B4, C0, and C2), and number of time domain PRACH occasions within a PRACH slot, preserving gap e.g. for CAT3- LBT prior each RO, would result total duration exceeding two slots.
Table 10: Duration of preamble formats with LBT gap assumed.
[image: ]


In the regions where channel sensing prior PRACH is needed, different alternatives could be considered instead of reserving specific LBT gap, so that the PRACH configuration can be kept unchanged. 
One way to arrange LBT gap between RACH occasions is to use make every other RO in the PRACH slot valid. However, depending on the selected PRACH format the time domain allocation is different. For instance, for A1 the allocation size is two symbols + CP while for A3 the allocation size is six symbols + CP (longer than in A1). Thus, this would not be applicable always as the LBT gap (e.g. CAT-2) might require longer duration. 
It is possible for the network to ensure that slot(s) preceding the RACH slot would be preserved by scheduling/configuration, thereby enabling the LBT related sensing to be done if needed (in “serving cell interference” free manner). 
Considering the beam based RACH is applied, i.e. both UE and gNB are operating with beams, likelihood for the LBT failure due to some other UE transmitting in the RO at the same time the UE is performing channel sensing can be considered lower than e.g. in NR-U. In addition, in low to intermediate loads the LBT failures may be quite rare and yet to say that there is no strict latency requirement in UE’s random access procedure. And it’s to be noted that UE may select any PRACH preamble of which associated SSB is having RSRP level higher than threshold. Thus, these aspects together with prolonged RACH RO spanning due to LBT gaps, we conclude and propose that no LBT gaps are explicitly allocated between the ROs.
[bookmark: _Hlk84001859]Proposal 20: Do not introduce LBT gap between consecutive ROs. 
Following from this it would also seem appropriate to conclude that the PRACH configuration for 120kHz sub-carrier spacing shall re-use the configuration of FR2-1:
Proposal 21: Re-use the FR2-1 PRACH configuration for 120kHz sub-carrier spacing.
RA-RNTI
The RA-RNTI is a function of the time and frequency of the PRACH occasion the preamble is detected on according to the following equation [TS38.321]:
RA-RNTI = 1 +  
Where,
·  is the symbol ID of the first OFDM symbol of the PRACH Occasion, where .
·  is the slot ID of the first slot of the PRACH Occasion, the range of  depends on the subcarrier spacing. The maximum range is  , with a subcarrier spacing of 120 KHz.
·  is the frequency domain index of the PRACH Occasion, where .
·  is the uplink carrier ID of the uplink carrier of the PRACH occasion. 0 corresponds to the normal uplink carrier, and 1 corresponds to the supplemental uplink carrier.
As discussed in the previous section, our preferred approach for the RO configuration and mapping would remain the number of ROs the same within the 10 ms radio frame as with the 120 kHz SCS. Thus, the existing RA-RNTI assuming 120 kHz SCS could be reused also for 480 and 960 kHz SCS PRACH. 
Proposal 22: Reuse RA-RNTI formula defined for 120 kHz SCS also for the cases PRACH is configured with 480 or 960 kHz SCS where
·  assumes 480/960 kHz SCS
·  assumes 120 kHz SCS

Conclusion
In this contribution we discussed different aspects related to the initial access mechanisms for beyond 52GHz deployments for NR. 
In Section 2.1 we discussed the channel access mechanisms, namely DBTW and SCSe, for initial access and made following observations and proposals:
Proposal 1: The design for DBTW, if supported, is common to different sub-carrier spacings.
Proposal 2: Confirm the working assumption on number of SSB candidate locations in a half frame for 120kHz:
Working assumption:
For 120kHz SSB, the number of candidates SSBs in a half frame is 64
Proposal 3: For 480kHz and 960kHz, the number of SSB candidate locations in a half frame is 64.
Observation 1: It would seem preferable to enable to support of higher number of SSBs with DBTW (if supported) as lower number of beams could be tackled with short control signal exemption.
Observation 2: High granularity for values may not be needed. 
Proposal 4: If DBTW is supported,  is supported. FFS for need for other values.
Proposal 5: If DBTW is supported, the supported values for discoveryBurstWindowLength are same as used for Rel-16 NR-U also for 480kHz and 960kHz: 0.5, 1, 2, 3, 4, 5 ms
Observation 3: Presence of DBTW on/off information can have minor impact on Type0-PDCCH monitoring.
Observation 4: At least for 120kHz sub-carrier spacing, possible candidate SSB positions and Type0-PDCCH monitoring (time domain locations) are not dependent on the LBT on/off.
Observation 5: Explicit indication of the LBT on/off or licenced/unlicenced can be provided later, e.g. in SIB1.
Proposal 6: Provide LBT on/off and DBTW indication in SIB1. (Note: licenced/unlicenced operation is assumed to be already part of SIB1 via frequency band information.)
Proposal 7: Do not provide separate, additional indication for DBTW on/off in MIB. (Note it would be possible to provide the indication implicitly e.g. part of .)
Observation 6: Depending on SSB sub-carrier spacings and SSB periodicity, only sub-set of total SSBs can be covered by short control signal exemption.
Proposal 8: It is possible to apply SCSe to one part of actually transmitted SSBs and LBT procedure for other/rest of the SSBs.
Proposal 9: Consider semi-static or predetermined mechanism to determine which SSBs are under SCSe and which under LBT in certain time windows.
SSB pattern related aspects were discussed in Section 2.3, concluding to following observations and proposals: -
Observation 7: Maximum UL interruption due to continuous SSB pattern would last for 1ms or 0.5ms, for 480kHz and 960kHz respectively.
Observation 8: In SSB pattern design for 480kHz and 960kHz, if UL transmission is to be enabled within the SSB pattern, separate slots are needed.   
Proposal 10: Support in for 480kHz and 960kHz SSB pattern design with slots without SSB candidate locations at Proposal 11: Define SSB slot pattern for 480kHz and 960kHz sub-carrier spacing so that 8 consecutive slots are contain SSB candidate locations, followed by 4 slots are left unoccupied (by SSBs), until all SSBs locations are accounted. Determine the slot indexes n for candidate locations as follows: 
· The slot indexes n={0,1,2,3,4,5,6,7,
12,13,14,15,16,17,18,19,
24,25,26,27,28,29,30,31,
36,37,38,39,40,41,42,43}

In Section 2.3 the Type0-PDCCH CORESET and CSS configurations were discussed, concluding as follows:-
Proposal 12: For CORESET#0 with 120kHz sub-carrier spacing, consider supporting also ={96} for multiplexing pattern 1. 
Observation 9: For SSB and CORESET#0 with 480kHz sub-carrier spacing with SSB and CORESET#0 multiplexing pattern 3, following configuration options could be considered:
· ={2}
· ={24, 48}.

Proposal 13: Support the following ’O’ values for both 480 and 960 kHz sub-carrier options: {0, 1.5, 5, 6.5} ms.
Proposal 14: Support values {1,2} for the number of search space sets per slot, and values {1, 1/2} for the shift M. Additionally, given room in table also M={2} could be supported.
Proposal 15: Support first symbol index configuration options 0 and {0, if [image: ] is even}, {7, if [image: ] is odd}.
Proposal 16: Support Type0-PDCCH CSS configuration presented in Table 7 for multiplexing pattern 1.
	Table 7: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 for 480kHz and 960kHz sub-carrier spacing
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	1
	1
	0

	0
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	1.5 
	1
	1
	0

	1.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	5
	1
	1
	0

	5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	6.5 
	1
	1
	0

	6.5
	2
	1/2
	{0, if [image: ] is even}, {7, if [image: ] is odd}

	0
	1
	2
	0

	5
	1
	2
	0






Observation 10: For {SS/PBCH Block, CORESET#0 for Type0-PDCCH}={120, 120} pattern 1 and pattern 3 are supported in Rel-15.
Observation 11: For {SS/PBCH Block, CORESET#0 for Type0-PDCCH} = {120, 120}, FR2-1 multiplexing pattern 3 could be in principle re-used for FR2-2.
Proposal 17: Consider also SSB and CORESET#0 multiplexing pattern 3 for 120kHz SSB.
Proposal 18: Pending on the UE minimum BW capability, consider also SSB and CORESET#0 multiplexing pattern 3 for 480kHz SSB.
Aspects related to PRACH were covered in Section 2.5, with following proposals: -
Proposal 19: Support L=571 for PRACH with 480kHz.
Observation 12: CP duration of all PRACH formats, exceeds the time assumed for beam switching gap.
Proposal 20: Do not introduce LBT gap between consecutive ROs.
Proposal 21: Re-use the FR2-1 PRACH configuration for 120kHz sub-carrier spacing.
Proposal 22: Reuse RA-RNTI formula defined for 120 kHz SCS also for the cases PRACH is configured with 480 or 960 kHz SCS where
·  assumes 480/960 kHz SCS
·  assumes 120 kHz SCS
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