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Introduction
[bookmark: _Hlk510705081]The revised work item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#90-e. 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 [1]. This contribution deals with the following objectives of the WID:
	· 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.
· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 




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




Based on the agreement above following definition is adopted for discovery burst:
	-	A discovery burst refers to a DL transmission burst including a set of signal(s) and/or channel(s) confined within a window and associated with a duty cycle. The discovery burst can be any of the following:
-	Transmission(s) initiated by an eNB that includes a primary synchronization signal (PSS), secondary synchronization signal (SSS) and cell-specific reference signal(s)(CRS) and may include non-zero power CSI reference signals (CSI-RS).
-	Transmission(s) initiated by a gNB that 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).



Considering the shared spectrum operation, the baseline operation for 120kHz, 480kHz and 960kHz could follow the same mechanisms described in Rel-16 (for NR-U). For 480kHz and 960kHz SSB it could be considered whether for discoveryBurstWindowLength values smaller than 0.5ms could be considered. The need and the design would depend on the final design of the SSB pattern for these sub-carrier spacings.
Observation 1: It could be considered whether for discoveryBurstWindowLength values smaller than 0.5ms are needed for 480kHz and 960kHz SSBs.
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. Corresponding 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
For regions, where LBT is required to initiate COT and SCSe cannot be applied, it would seem preferable to support DBTW to facilitate SSB discovery. This would ensure more robust performance for e.g. SSB based measurements (L1-RSRP and RRM measurements) if LBT is needed.
Proposal 1: Support operation with and without DBTW for initial access.
For the support of DBTW there are different approaches. If the gNB uses 64 SSB beams, additional SSB positions within 5 ms window would need to be introduced. On the other hand, if the gNB uses less than 64 SSBs the DTBW can be supported either with or without additional SSB positions. Assuming current SSB pattern with 120 kHz, i.e. two SSBs in an SSB slot, max 16 additional positions could be defined within 5 ms window in addition to the current regular 64 SSB positions. These additional positions would need to be placed after each block of 16 regular SSB positions. 
As design principle we think that it’s important to be able to support 64 SSBs or close to 64 also with DBTW given the high operating carrier frequency and need for the high number of SSB beams. Thus, the number of available positions to retransmit a certain SSB is smaller than the number of used SSBs with and without additional positions. That means that there is no possibility to have predetermined relationship between the location (index) and SSB index as in Rel-16 NR-U. In other words, it means that retransmitted SSB needs to indicate explicitly the SSB index as well as provide timing info for the UE. If the DBTW is implemented without additional positions beyond 64 timing info can be determined as today but SSB would need to signal the actual SSB index that was retransmitted, e.g. by re-interpreting some of the fields in the PBCH payload.
[bookmark: _Hlk71616220]Observation 2: DBTW can be implemented either with additional SSB positions defined upon existing 64 positions within 5 ms window (for up to 64 SSBs in the cell) and without additional SSB positions (when < 64 SSBs are transmitted in the cell).
Observation 3: In both cases, with or without additional SSB positions, the retransmitted SSB would need to provide explicit information for the determining the retransmitted SSB index and when additional positions are defined also information based on which the UE derive timing.
Considering the need to support 64 SSB beams we think that additional SSB positions should be defined when DBTW is applied. Additional SSB positions for the retransmission could be grouped so that every block of 16 SSBs is followed up to 4 additional SSB positions as illustrated in Figure 1.
[image: ]
[bookmark: _Ref71273386]Figure 1 Additional SSB positions for each group of 16 regular SSB positions.
Then the UE could derive actual transmitted SSB index and timing as follows:
Option 1:
· E.g. subCarrierSpacingCommon indicates whether or not detected SSB is in additional position
· subcarrierSpacingCommon may be obsolete parameter in the frequency range of interest because Type0-PDCCH is likely to use the same SCS as the SSB
· SSB index signaled using PBCH DMRS and MSB bits in the PBCH physical layer bits signals the actual SSB index when the SSB is transmitted in the additional position
· kSSB bits are repurposed so that the UE can determine the received SSB position within the group of additional positions
· I.e. from the SSB index the UE determines to which group in additional positions the SSB index belongs to and then the UE determines the slot timing from the kSSB bits that indicate the position within the group of additional SSB positions (kSSB can be used to indicate the additional location index directly)Example of the option is provided in Figure 2 where first two additional SSB positions after the SSB positions 0-15 are used to retransmit SSBs #8 and #9
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[bookmark: _Ref71279146]Figure 2 Additional SSB positions for retransmitting SSB indices #8 and #9 in option 1. 
Option 2:
· E.g. subCarrierSpacingCommon field is used as the most significant bit for the candidate SSB index (i.e. the position), i.e. 7th bit for the candidate SSB index
· UE can determine timing based on SSB index defined by 7 bits. Indexing of the existing SSB positions can be remained as is and the new additional positions could be provided with indices 64, 65, …
· kSSB bits in this case are used to signal the UE the actual SSB index within a group. E.g. four bits of kSSB can signal one of the sixteen SSB indices per group. 
· Example of the option is illustrated in Figure 3 where first two additional SSB positions after the SSB positions 0-15 are used to retransmit SSBs #8 and #9. Signalled SSB indices are #64 and #65 for timing acquisition and kSSB bits indicate #8 and #9, respectively, so that UE gets actual transmitted SSB indices
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[bookmark: _Ref71280412]Figure 3 Additional SSB positions for retransmitting SSB indices #8 and #9 in option 2.
[bookmark: _Hlk71616249]Proposal 2: Define additional SSB locations for the purpose of SSB retransmissions. 
Proposal 3: Group additional SSB locations and associate each group to set of regular SSB positions, e.g. after each block of 16 regular SSB positions there is associated group of up to four additional positions that can be used to retransmit any of the associated actual SSBs.
It was also discussed to support a mechanism to inform CONNECTED and IDLE/Inactive mode UEs how to determine if DBTW needs to be assumed or not. This would enable network to choose whether it uses DBTW or not. If SCSe is applied to SSB transmission and desired number of SSBs can be transmitted under SCSe (with the selected periodicity), there would not be a need to apply DBTW for SSB in principle. On the other hand,  it may be possible to transmit only a sub-set of SSBs under the SCSe, thereby resulting a need to support DBTW. The aspect how the UE is informed on the use of DBTW can be approached from different directions. Firstly it could be assumed that UE has always assistance information, so that it knows whether DBTW is applied or not. In practise this means that the information regarding DBTW is provided in dedicated signalling e.g. as a part of the measurement configuration, or as a part of the neighbour information in broadcast. Evidently this would require that UE has already acquired an access to a network (attached) via some carrier. Before this has happened, if UE searches for a cell in >52GHz unlicenced frequency band, UE would need to assume that DBTW. This would mean that DBTW ‘enabled’ is a default assumption. Hence, it would seem that from UE perspective it would be better the earlier UE can have the information regarding the DBTW assumption available when e.g. doing cell search or measurement on the given carrier. 
Observation 4: If the DBTW assumption is to be provided to the UE, it would need to be available from the start to be useful.
If UE has been able to attach to the network, and/or is able to read the system information, there are several signalling mechanisms possible to inform the UE on the DBTW assumption. However, if the DBTW assumption is to be applied starting from initial cell selection, the options are fewer. One approach is that the DBTW assumption is encoded to the SSB. This would mean that before UE can determine whether DBTW is applied or not, it would need to detect a SSB, thereby enforcing to assume that DBTW is used till then. When doing initial cell selection, in practise UE is equipped only with a set of SS-raster locations and sub-carrier spacings hypotheses (for the target band). Therefore, to enable UE to apply proper assumption for DBTW from the start, it would seem that either of these would need to encompass the information. In practise the DBTW assumption is independent of the SSB sub-carrier choice, thus applying certain sub-carrier spacing only with DBTW does not seem practical, and it would not limit the search assumption. Hence, to enable UE to determine whether to assume DBTW in the cell search or not, it would be simplest to separate the SS-raster locations where DBTW is applied and where it is not applied.
Observation 5: Having separate SS-raster locations for when DBTW is enabled and disabled would be simplest solution to separate DBTW and no DBTW hypothesis.
Proposal 4: If DBTW assumption can be changed, it should be available to the UE starting from initial cell selection.

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 1 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 1 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 subu-carrier spacing respectively. 
[bookmark: _Ref68520397]Table 1. 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 2 for different SSB sub-carrier spacings and SSB periods.
[bookmark: _Ref68521603]Table 2. 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 COT is allowed). 
Proposal 5: 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 2, 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 send 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 choise 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 6: Consider semi-static or predetermined mechanism to determine which SSBs are under SCSe and which under LBT in certain time windows. 


Numerologies for initial access
Whether or not support other sub-carrier spacings than 120kHz for SSB (and broadcast in general) was discussed in last meeting, and it was agreed that 480kHz and 960kHz SSBs are supported at least for non-initial access case:
	Agreement:
For the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB
· Note: Strive to minimize specification impact due to the new SCS for SSB





Based on the configuration methods provided in 38.331 it would be possible to support both PSCell and Scell, i.e. dual connectivity and carrier aggregation without providing the system information in the PSCell or in Scell (38.331 Section 5.2.1):
	- For PSCell and SCells, the network provides the required SI by dedicated signalling, i.e. within an RRCReconfiguration message. Nevertheless, the UE shall acquire MIB of the PSCell to get SFN timing of the SCG (which may be different from MCG). Upon change of relevant SI for SCell, the network releases and adds the concerned SCell. For PSCell, the required SI can only be changed with Reconfiguration with Sync.



Like described in afore text, the relevant system information for PSCell or SCell shall be provided via dedicated signalling, and if an update is needed the cells are reconfigured. UEs are required to obtain the SFN timing via MIB for the PScell. Other information, such as centre frequency of SSB, sub-carrier spacing and SMTC, would be provided by dedicated signalling. Now based on our understanding, following the agreement made this would apply also in case of SSB with 480kHz and 960kHz SSB sub-carrier spacing.
Proposal 7: Confirm that PSCell and SCell operation with 480kHz and 960kHz SSB is supported from RAN1 perspective.
In FR2 operation, two numerologies are supported for initial access data and control channels, namely 60 kHz SCS and 120 kHz SCS. FR2 operation supports two sub-carriers spacings for SSBs, 120 kHz and 240 kHz. As determined by the WID agreements, the possible SCSs that could be considered for initial access control and data channels are {120 kHz, 480 kHz, 960 kHz}, thus 60 kHz has been excluded. Furthermore, based on the agreements made so far, only 120 kHz SCS has been agreed to be supported as SSB numerology. Based on the WID {240kHz, 480kHz, 960kHz} sub-carrier spacings could be considered in addition. In the following we consider the sub-carrier spacing options for initial access channels/signals and SSBs.
The question considered in last meeting was whether additional sub-carrier spacings 480kHz and 960kHz would be supported for SSBs. The WID [1] objectives has also a note stating the following:
	Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.



Based on this note it would appear that the support of sub-carrier spacing of 480 or 960 kHz would be optional at least for data and control. This implies that if network is not aware of the UE capabilities, it might not be practical to use these sub-carrier spacings e.g. for data. If cell access is based on the additional sub-carrier spacing, e.g. SSB and broadcast are using 960kHz, UEs that do not support these sub-carrier spacings would be able to access these cells. Thus, while it would not strictly prevent using these additional sub-carrier spacings for stand-alone deployments, it would ‘barr’ the UEs not supporting the used sub-carrier spacing. Depending on the network deployment this may not necessarily be a drawback. 
Observation 7: As 480kHz and 960 kHz sub-carrier spacings are not mandatory for the UE.
Another aspect related to multi-numerology operation is the UL-DL slot configuration. As defined by 38.213, the symbols that where UE may transmit PRACH cannot be configured as DL (e.g. in tdd-UL-DL-ConfigurationCommon) and correspondingly symbols where SSB resides cannot be indicated as UL. When the ratio between 120kHz and 480 or 960kHz is large (i.e. 4 or 8 times), the number of consecutive DL slots (or UL slots) needed to be limited. In context of the UL-DL slot configuration, with two pattern (1&2) periods (aligned to 20ms), this results restrictions to the UL-DL slot configuration. For example assuming 64 SSBs at 120kHz, there could not be UL symbols configured for those symbols that collide with SSB’s for the duration of the sweep e.g. 4ms. Correspondingly, there RACH occasions are valid only if they fall on UL symbols. Hence one 5ms pattern with DL and flbxiple symbols for ~4ms followed by UL symbols/slots could be considered or alternatively two patterns (e.g, 4ms +1ms). While the flexible symbols association can be adjusted based on e.g. DCI format 2_0 or based on tdd-UL-DL-ConfigurationDedicated, the symbols designated as DL or UL by tdd-UL-DL-ConfigurationCommon cannot be adapted. 
Observation 8: Basing initial access to lower sub-carrier spacing than data can limit the UL-DL slot configuration.

In RAN1#104e two different cases/levels for supporting a additional sub-carrier spacings were considered. These were referred as “initial access” and “non-initial access” as quoted below from the discussion noted in FL summary [7].
	· “SSB in non-initial access” here refers to:
· SSB in Scell, where gNB is able to provide assistance information (e.g. SSB center frequency, SCS, etc)
· SSB for neighbor cell RRM measurements, where information is provided by gNB).
· “SSB in initial access” here refers to
· SSB used for “Cell Selection” defined in TS38.133 Section 4.1, which includes stored information cell selection and initial cell selection.



 
[bookmark: _Hlk68336543]Firstly, mostly flexible in terms of deployments and operations, would be to support additional sub-carrier spacings for initial cell selection i.e. “initial access”. This is evidently most complex from the UE perspective as UE has no prior knowledge on exact RF channel (SS-raster) where the SSB resides or sub-carrier spacing that is used. Also there is no information in timing, thus for each candidate SS raster location UE would need to perform a search over sufficient time window to cover a number of SSB periods to verify presence hypothesis. The overall search complexity in initial cell selection is mostly determined by SS-raster i.e. number of frequency locations to be evaluated for presence of SSB. The SS-raster locations are defined by RAN4, and the number of locations will depend on the RF channel raster and effective minimum carrier bandwidth. Overall specification effort would be the largest for this case, while it is evident that majority of the other procedures and aspects can be adopted from Rel-15.
To support additional sub-carrier spacings for “non-initial access” case, the UE would need to be able to detect the SSBs with the additional numerology equipped with assistance information; a frequency location (ARFCN), timing information (SMTC) and sub-carrier spacing. From cell search and measurement procedure complexity perspective it does not matter whether the procedure is done from CONNECTED mode or from IDLE/Inactive Mode, as in both cases UE’s would need to be provided with the assistance information, either via dedicated signalling or through broadcast information. From system deployment perspective this would enable stand-alone operation to an extent, with the restriction of providing the assistance information via cell using legacy numerologies. In terms of specification effort there could be a difference whether “non-initial access” case is covering only CONNECTED mode or whether also IDLE/Inactive mode operations are supported. If IDLE/Inactive mode operation is supported, to enable stand-alone operation (without initial cell selection) based on re-selection, Type0-PDCCH CSS and CORESET configurations would need to be defined for the additional sub-carrier spacings as well. If only CONNECTED mode based approach is supported, alternative sub-carrier spacings could be only supported for PScell and/or Scell i.e. in non-stand-alone more. However, like raised in last meeting, providing CORESET#0/Type-0 PDCCH search space configuration in MIB is also elementary to enable ANR and PCI confusion resolution in CONNECTED mode. On frequencies >52.6Ghz the cell density is much higher and there is strong chance for PCI confusion and even confusion between operators as bands can be unlicensed bands. Even in case of considering single operator with coverage deployment on lower (<6GHz) frequency band and capacity deployment on beyond 52GHz frequency band, could increase the risk of PCI confusion e.g. for SCell identification. If we consider some very high dense areas such as Manhattan New York, we could estimate some worst case estimations. One worst case estimation, could indicate that we could have 20 macro cells/km2 and up to 40 000-80 000 small cells/km2 with average size of 100m2 or 50m2 respectively. The estimation is based, that there is 4km2 indoor space for 1km2 of outdoor land, with average of 8 floors in each building and 50% of land is used for buildings. Thus in certain deployments, it could be that number of cells exceed the number of unique physical layer identities (1008) supported by NR specification. This would lead to a problem that even in case of SCell configuration, network could not uniquely identify the target cell based on measurements only. Therefore there is a need to support mechanism that enable “identifying” the cell in unique manner to allow resolving any deployment related issues. 
In terms of UL/RACH, “initial access” and “non-initial access” there would not appear to be significant difference between the complexity of supporting the different cases if UE supports RACH transmission with the additional numerologies.
As discussed in last meetings it maybe to an extent possible to operate carriers using only 120kHz SSB, and operation of PSCell and SCell is possible with 480kHz and 960kHz SSB, option to have stand-alone operation with single numerology would not be possible if initial access is not supported for SSB with 480kHz and 960kHz sub-carrier spacings. This would preclude certain type of deployments that would be otherwise attractive for beyond 52GHz frequency bands. 

Observation 9: Supporting additional numerologies for “initial access” (initial cell selection) results the largest deployment flexibility, with the cost of increased UE complexity. 
Observation 10: Supporting additional numerologies for only “non-initial access” mitigates the UE complexity increase. From UE complexity perspective, there is no real difference in support for CONNECTED mode and IDLE/Inactive mode.
Proposal 8: Support providing CORESET#0/Type0-PDCCH configuration for 480kHz and 960kHz kHz SCS SSB transmission in NR bands ranging between 52.6 GHz to 71 GHz. 
Proposal 9: Consider support for “ initial access” (initial cell selection) for 480kHz and 960kHz kHz SCS SSB  and mitigate the UE complexity via properly defining SS-raster.

FR2 operation supports two sub-carriers spacings for SSBs, 120kHz and 240kHz. As a one of the additional sub-carriers for SSBs in addition to the 120kHz, it would seem most natural to consider 240kHz as a one candidate. The main benefit of 240 kHz SCS for SSB is the reduction in the SSB burst set length in time (to 2 ms compared to 4 ms with 120 kHz SCS). Also as it results higher BW, it may improve the DL time estimation performance. Downside of course is the need for the UE to support additional SCS for the initial cell acquisition. Assuming 20 ms SSB periodicity and 240 kHz SCS for the SSB the SSB burst of 64 beams would fulfil the short control signalling requirement (as discussed in [5]) for the signal that could be transmitted without LBT as shown in the following table (Table 3). 
[bookmark: _Ref61865290]Table 3 Time allocation of SSB with 240 kHz
	SSB SCS [kHz]
	Number of SSBs
	SSB periodicity [ms]
	Percentage of effective time allocation [%]

	240
	64
	20
	5.7 (< 10)



In addition, as 240 kHz is already supported for FR2, it would make sense to support 240 kHz SCS for the SSB. 
Proposal 10: Support 240 kHz SCS for the SSB transmission in NR bands ranging between 52.6 GHz to 71 GHz.

SSB design and patterns
The aspects related to SSB pattern were discussed in RAN1#104e and following agreement was made:
	
Agreement:
For 480 kHz and 960 kHz SSB SCS (if agreed)
· Study further on reserving symbol gap between SSB positions with different SSB index (and possibly between SSB position and other signal/channels)
· FFS: whether symbol gap is needed for only 960 kHz or both 480 and 960 kHz.
· Study further on reserving gap for UL/DL switching within the pattern accounting possibility for reserving UL transmission occasions in the SSB pattern
· Study should account for inputs from RAN4




For 120kHz SSB, it was agreed to follow the baseline of existing FR2 pattern and further consider additional candidate locations, for DBTW purposes:
	Agreement:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· [bookmark: _Hlk71274523]120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For carrier frequencies within 52.6 GHz to 71GHz, support at least 𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· Other values of n (if any) are FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB




It was agreed in last meeting to apply the same SSB pattern (Case D) for 120kHz, and it was left for further discussion whether additional positions would be supported (within the 5ms window) for DBTW operation. As discussed in Section 2.1.1, to enable DBTW operation with larger number of actually transmitted SSBs, it would be beneficial to have additional candidate locations for SSBs. Thus, in the existing Case D pattern, there are two slots in between every 8 slots of SSBs. To accommodate additional candidate locations, these slots could be defined to determine additional candidate locations for SSB transmission. 
Proposal 11: For carrier frequencies within 52.6 GHz to 71GHz, at 120kHz SSB, introduce additional candidate locations for SSB transmission support for 𝑛 = 4, 9, 14, 19. 
· The first symbols of the additional candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n.

Now this could prevent scheduling full slot of DL or UL data in between the SSBs, but with 120KHz sub-carrier spacings there would be 4 symbols in every second slot to enable at least UL feedback transmission.
In the case that 240kHz sub-carrier spacing is agreed to be supported, following the agreement for 120kHz SSB, it would seem consistent to based the 240kHz SSB pattern for carrier frequencies within 52.6 GHz to 71GHz to Case E pattern used for FR2. As the total length of the SSB burst is roughly only half of the 5ms window, additional candidate locations for the DBTW could be introduced to after the existing Case E pattern locations. It could be further discussed whether full set of additional candidate positions are supported, enabling direct mapping between ‘original’ and ‘additional’ position, or whether fewer additional candidate locations are reserved (e.g. 32).
Proposal 12: For carrier frequencies within 52.6 GHz to 71GHz, at 240kHz SSB, introduce additional candidate locations for SSB transmission support for 𝑛 = 10, 11, 12, 13, 15, 16, 17, 18. 
· The first symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56×n.
When considering the SSB pattern design for 480kHz and 960kHz, similar aspects as considered in Rel-15 could be accounted.
The need to have gaps for beam switching was also discussed in RAN1#104e, and RAN1 send an LS regarding this issue to RAN4. Independent of this RAN4 had agreed [6] following text to the TR38.808:
	4.2.2.42	BS Analog beam switching
In FR2 beam switching is assumed to take place during CP. When the SCS increases the CP duration decreases accordingly. There are two separate scenarios for the beam switching. Firstly, in initial access specific consideration is required since the SSB structure cannot be changed based on the gNB scheduler decision. The bottom line is that the phase shifters can change state in few ns when using the technology already available today, however the complete radio system will require more time than this, to change state. In Rel-15 it was captured in TR 38.817-02 [79] that GaAs switched phase shifters react in approximately 10ns. In other cases, based on the need, gNB can reserve a separate guard time (one or more full symbols) for beam switching. Often, the beam switching can happen during the guard time reserved for the link direction switching. It can be noted that the granularity to adjust the switching gap increases with the increasing SCS. Based on that, a high SCS has opportunities for smaller guard period (GP) overhead compared to a low SCS. 
TR 38.817-02 also has captured simulation results that to prevent degradation to system performance, switching time must be less than 80% of the CP length. For 960 kHz SCS this results in approximately 59 ns time window. Given that 10 ns is given for the phase shifter to react, there is still sufficient time available that all the delays of the phase shifter control interface can be accommodated and no explicit switching gap is needed between successive SSB blocks.
Based on the discussion, both 480 kHz and 960 kHz SCS are feasible from beam switching point of view. 



RAN4 further discussed different switching gaps (beam, UL-DL etc.) in RAN4#98-bis-e [8], but did not reach agreement on specific numbers nor send a LS to RAN1. Based on the afore quoted TP, it would seem feasible to do BS analogue beam switch well within the CP of 480kHz and 960kHz. While the official LS response has not been provided, based on this it would appear that there is no need to specifically reserve time gap for beam switching with 480kHz and 960kHz numerologies. 
Observation 11: For 480kHz and 960kHz SSB pattern there does not appear to be need to reserve time gap specifically for beam switching, but it maybe preferable to limit the number of switches in a slot.
In order to enable transmitting PDCCH in the same slot as SSBs, some symbols, would need to be preserved to accommodate scheduling. In Rel-15 FR2 SSB mapping to symbols (in a slot) was considering the option of having some room for 60kHz PDCCH. For 480kHz and 960kHz SSB pattern it would appear sufficient to consider only the same numerology. Depending on the beam switch duration (pending in RAN4) it could be considered whether to reserve the symbols at the start of the slot (e.g. 2+2 symbols) or before each SSB in slot (e.g. 2 symbols). It is good to note that reserving symbols for PDCCH before ach SSBs in a slot (e.g. symbol indices {0,1} and {6,7} if no additional gaps are assumed) could be justified if providing CORESET#0/Type0-PDCCH configuration is supported, i.e. the PDCCH is used for scheduling PDSCH carrying SIB1 in frequency multiplexed manner with SSB (SSB and Type0-PDCCH multiplexing pattern 2). If providing CORESET#0/Type0-PDCCH configuration is not supported, it might be preferable to concentrate the symbols reserved for PDCCH at the start of the slot.
Observation 12: For SSB pattern design for 480kHz and 960kHz, few symbols before each SSB (if CORESET#0/Type0-PDCCH configuration is supported) or at the start of the slots (if CORESET#0/Type0-PDCCH configuration is not supported) could be reserved for data scheduling.
In Channel Access agenda discussion in last meeting it was concluded that beams can be TDM within COT, with the assumption that per-beam LBT is done before the start of the COT:
	Agreement:
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams


Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams




The exact mechanism how the per-beam LBT is to be done, has not yet been concluded in Channel access, but aforementioned alternatives are being considered. Assuming Cat-3 LBT with a high CAPC for SSB for example with minimum allowed contention window size of 3 CCA slots, as proposed in [5], would result LBT gap of 8 us + 3*5us = 23 us, i.e. 11, and 21 symbols for 480 kHz and 960 kHz, respectively. If multiple beams are used for channel sensing during the LBT, the required LBT gap may be longer.  
Observation 13: The option of having LBT gap before a set of SSBs may need to be accounted.
Assuming that there is a need to do LBT with a beamwidth corresponding to the SSB beams, the number of SSBs in a consecutive block should be considered. Of course, more than one beam could be used for LBT channel sensing during the contention window e.g. prior the SSB burst, but this can impact on the required LBT gap duration.
Observation 14: To enable LBT with a beamwidth corresponding to the beamwidth of a set of SSBs, number of consecutive SSBs between successive LBT gaps could be considered. 
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 every 16 or 32 SSBs, for 120kHz and 240kHz, respectively. Like noted above, 120kHz and 240kHz SSB patterns account a gap for e.g. UL transmission (2 slots at 120kHz sub-carrier spacing). 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. Based on the RAN4 discussions [8], while no firm agreement has been made by RAN4 it would seem that several symbols, e.g. even 4 symbols for 480kHz and 7 symbols for 960kHz maybe needed for switching from DL to UL (and vice versa), thus it would need to be accounted when considering the UL traffic locations within the SSB pattern. Projecting from the RAN4 preliminary discussions, it seems rather likely that there might not be much merit to support/reserve symbols in slots where SSBs are located, due to the anticipate DL to UL switching time. 
Observation 15: Due to the anticipated DL to UL and UL to DL switching duration, it would not appear necessary to preserve symbols specifically for UL transmission in slots where SSBs are located. 
As noted above, the total duration of the SSB sweep with 480kHz or 960kHz maybe rather short if contiguous (2 SSB per slot) are used for SSB transmission. If slots in between the SSB slots is reserved the total sweep length is extended. Assuming similar slot pattern as for 120kHz, that 8 consecutive slots are designated for SSBs and that 3 slots gap (instead of 2) is reserved in between, the total sweep duration would be ~1.29ms and ~0.65ms, for 480kHz and 960kHz, respectively. This would result allowance for UL transmission approximately every 0,28ms. Hence, it should be further discussed whether there needs to be some time gaps reserved from data perspective in between SSBs or whether it is more beneficial to keep the total duration of the burst concise. Like discussed in last meeting (and addressed in LS RAN1 sent to RAN4), the UL/DL switching gap length would also play a role in the duration of gap to be preserved and thereby on the overall sweep duration. RAN4 has not yet concluded the transient period, thus it would be prudent to wait for RAN4 feedback on these.  
Observation 16: For 480kHz and 960kHz SSB pattern, the need to reserve slots for UL and the overall duration of the SSB sweep should be considered. 
 
SSB and Type0-PDCCH CORESET and monitoring configuration
Different Type0-PDCCH CSS and CORESET#0 configurations were considered in last meeting as follows:
	Agreement:
· For CORESET#0 and Type0-PDCCH search space configured in MIB:
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz
· Support at least 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} SCS = {120, 120} kHz.
· FFS: Supporting additional values
· FFS: Supported values for SSB to CORESET#0 offset RBs
· If 480kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz
· If 960 kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {960, 960} kHz
· If 240 kHz SSB SCS is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {240, 120} kHz
· FFS: any other combinations between one of SSB SCS (120, 240, 480, 960) and one of CORESET#0 SCS (120, 480, 960)
· FFS: initial timing resolution based on low SCS (120 kHz) and its impact on the performance of higher SCS (480/960 kHz)



 Furthermore, RAN4 considered options for the minimum and maximum channel bandwidths and provided following information to RAN1 in LS [9]:
	Based on the progress in RAN4#98bis-e, the minimum channel bandwidths for NR operation in 52.6 GHz to 71 GHz were discussed, and the following agreements were made:

· RAN1 question for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· RAN4 decision is option 1-1: 100 MHz

· RAN1 question for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· RAN4 decision is option 2-2: 400 MHz

· RAN1 question for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS
· RAN4 decision is 3-1: 400 MHz

Additionally, RAN4 agreed on the following maximum channel bandwidths for NR operation in 52.6 GHz to 71 GHz as follow:
· For 120 kHz SCS, 400 MHz
· For 480 kHz SCS, 1600 MHz

The maximum channel bandwidth for 960 kHz SCS is still TBD and RAN4 will inform RAN1 once RAN4 reached an agreement.




In addition to sub-carrier options the multiplexing patterns for Type0-PDCCH would need to be considered. In Rel-15 3 different multiplexing approaches where considered as highlighted in Figure 1. 
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[bookmark: _Ref68594118]Figure 4. Illustration of SSB and Type0-PDCCH multiplexing patterns
In following sections we consider the aspects related to Type0-PDCCH CSS and CORESET configurations.
SSB and Type0-PDCCH CORESET multiplexing
As per agreement in last meeting, 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 are also supported for >52GHz.
Observation 17: For {120,120} pattern 1 and pattern 3 are supported in Rel-15.
For the 480kHz sub-carrier case, assuming 24PRB and 48 PRB CORESET (#0) configurations result a ~138MHz and ~276MHz bandwidths. 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. For pattern 3, total bandwidth (SSB +CORESET#0) would be in the range of 254MHz and ~392MHz for CORESETs of 24RB and 48RB respectively. Now, for multiplexing pattern 2 and 3 it is assumed that UE should be able to monitor SSB outside the initial DL BWP, hence UE minimum BW does not necessarily restrict the use of these patterns, but it may be practical to consider the total bandwidth.
[bookmark: _Hlk71617266]Proposal 13: Consider supporting at least SSB and CORESET multiplexing pattern 1 for {480, 480} case. Pending on the UE minimum BW capability, consider also SSB and CORESET multiplexing pattern 2 or 3.
Correspondingly for 960kHz case, assuming CORESET of 24RB results bandwidth of ~276MHz. Total bandwidth of CORESET (24RB) and SSB would exceed 500MHz.
Proposal 14: Consider supporting at least SSB and CORESET multiplexing pattern 1 for {960, 960} case. 
For option {240,120}, same patterns as in Rel-15 could be supported. 
Proposal 15: Consider supporting pattern 1 and pattern 2 for {240,120} case.
The offset values needed for multiplexing pattern 1, would depend on the minimum carrier BW, channel raster and synchronisation raster, thus before concluding on these values, further progress would be needed.

Type0-PDCCH CORESET configuration
In following table we summarise the bandwidth if different CORESET RB configuration options.
Table 4. 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 last meeting following proposal was discussed:
	· Proposal 1.4-3)
· For SSB with 120kHz, only support 120kHz CORESET#0/Type0-PDCCH configuration by MIB
· support following combinations of SSB/CORESET multiplexing pattern, and number of RB and symbols for CORESET.
· {mux pattern 1, 48 PRB CORESET, 1 symbol CORESET}
· {mux pattern 1, 48 PRB CORESET, 2 symbol CORESET}
· {mux pattern 1, 24 PRB CORESET, 2 symbol CORESET}
· FFS: on whether to remove support for 24 PRB
· {mux pattern 3, 24 PRB CORESET, 2 symbol CORESET}
· FFS: on whether to remove support for 24 PRB
· {mux pattern 3, 48 PRB CORESET, 2 symbol CORESET}
· FFS: on whether 48 PRB CORESET can be updated to [42] PRB
· FFS on support of the following cases:
· {mux pattern 1, 96 PRB CORESET, 1 symbol CORESET}
· {mux pattern 1, 96 PRB CORESET, 2 symbol CORESET}
· {mux pattern 3, 96 PRB CORESET, 2 symbol CORESET}
· FFS on other case of {SSB, CORESET#0/Type0-PDCCH} SCS combination other than {120, 120} kHz
· FFS: CORESET#0/Type0-PDCCH CSS location in time domain changes to account for LBT operations




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 [9] 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. Hence, option to support CORESET RB configuration of 96 RB could be considered. It was also raised in last meeting if 24RB support could be omitted as the minimum channel BW is 100MHz. For SSB and Type0 CORESET multiplexing pattern 1 removing of 24RB option could be considered, but for multiplexing pattern 3 it could be preferable to keep the option to avoid unnecessarily increasing the SS-raster positions.
Proposal 16: For CORESET#0 with 120kHz sub-carrier spacing, consider supporting also ={96}. In case SSB and Type0 CORESET multiplexing pattern 1 removing option of ={24} could be considered.
As discussed in previous section, multiplexing pattern 1 should be at least supported for SSB and Type0 CORESET multiplexing {480,480} case, and in addition pattern 3 could be considered. For pattern 1 case, it would be preferable to support at least values ={2,3} for number of CORESET symbols to provide more energy to the receiver. If there is sufficient space in the CORESET configuration, ={1} symbol could be considered in addition. If multiplexing pattern 2 or 3 is supported, values ={1,2} would seem appropriate when it is assumed that PDCCHs corresponding to two SSB are sent in same slot. This is of course assuming that 2 SSBs are sent in a slot.
Proposal 17: For SSB and CORESET#0 with 480kHz sub-carrier spacing, support following options:
· For multiplexing pattern1 ={[1],2, 3}
· For multiplexing pattern2 or 3 ={1, 2} (if supported)

Correspondingly, to account wider carrier operation, ={24, 48} should be supported for SSB and Type0 CORESET multiplexing {480,480} case. 96RB option may not be attractive from UE minimum BW perspective.
Proposal 18: For CORESET#0 with 480kHz sub-carrier spacing, support ={24, 48}. 
To limit the UE minimum BW, in SSB and Type0 CORESET multiplexing {960,960} case it would be sufficient to support ={24} configuration only. With multiplexing pattern 1 it could be considered to support at least ={2, 3}.
Proposal 19: For SSB and CORESET#0 with 960kHz sub-carrier spacing, support for multiplexing pattern 1 ={2, 3}.
Proposal 20: For CORESET#0 with 960kHz sub-carrier spacing, support ={24}. 
For SSB and Type0 CORESET multiplexing {240,120} case support same configuration options as in Rel15, i.e. ={1,2} and ={24, 48}
Proposal 21: For SSB with 240kHz sub-carrier spacing and CORESET#0 with 120kHz sub-carrier spacing, support following options:
· ={1, 2}
· ={24, 48}


PRACH
PRACH for initial and non-initial access
Aspect related to RACH were discussed in RAN1#104e 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



In NR, the random access channel is triggered by one of the following events:
Initial Access:
1. Initial Access from RRC_IDLE

Non-initial access:
2. RRC Connection Re-establishment after radio link failure (RRC_CONNECTED)
3. Handover (RRC_CONNECTED)
4. UL data arrival when the UE is in RRC_CONNECTED state, with non-synchronized UL
5. DL data arrival when the UE is in RRC_CONNECTED state, with non-synchronized UL
6. UL data arrival when the UE is in RRC_CONNECTED state and no SR resources
7. The UE sends a scheduling request in response to UL data arrival but fails to receive an UL grant from the network (RRC_CONNECTED)
8. Transition from RRC_INACTIVE state to RRC_CONNECTED state
9. Establishing time alignment when adding SCell (RRC_CONNECTED)
10. Request of Other SI (RRC_IDLE or RRC_INACTIVE)
11. Beam failure recovery (RRC_CONNECTED)

As it can be seen there are quite many of non-initial access RACH use cases, especially in Connected state. In other words, RACH is not used only for the initial access. Thus, it seems logical to support the SCS for the PRACH as for the other uplink signals in Connected state in order to establish a single-numerology operation.
Proposal 22: Support 480kHz and/or 960 kHz SCS for PRACH in non-initial access use cases.
As discussed in previous section, the initial access can be further divided into two cases:
1) initial access with initial cell search and selection
2) initial access without initial cell search and selection

The complexity at UE side in initial access is largely in the initial cell search and selection. I.e. the UE’s initial access related complexity can be mitigated if the UE has prior knowledge about the SSB sync raster position as well as numerology of the SSB. That is to say that it should be considered to enable single-numerology operation for the cases where the UE can be provided prior information about the SSB location and SCS (480 or 960 kHz SCS). From RACH perspective, there is no practical difference in UE complexity when considering “initial access”, 1) above, or “non-initial access”, 2) above. Consequently, it would make sense to support 480 kHz and/or 960 kHz for RACH also in initial access.
Proposal 23: Support 480kHz and/or 960 kHz SCS for PRACH in initial access use case when UE’s SSB search complexity can be mitigated.

Regarding the sequence lengths L=571 and L=1151 with 480 and 960 kHz SCSs the following bandwidths in MHz would be required:
[image: ]
Currently, the minimum bandwidth per SCS remains open. However, it’s considered that the minimum supported bandwidth will be 400 MHz at maximum. 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. In general we think that L=571 and L=1151 could be applied only for 120 kHz SCS.
Proposal 24: Support L=139  for PRACH with 480kHz and 960kHz at above 52.6 GHz.
RO configuration and mapping
Regarding the RO configuration and mapping the following proposals were developed during RAN1#104-e:
	Proposal #2.4-8 (update)
· Using the RO pattern for SCS = 120 kHz derived from the PRACH configuration table as the reference for larger all SCS cases.
· Note: use as reference means to striving to re-utilize the RO patterns and configurations as is or as much as possible and strive to make only appropriate changes to enable functionality.
· FFS: Details for indicating which 480/960 kHz PRACH slots.
· If gap between time adjacent RO is needed, e.g. due to LBT and/or beam switching, FFS on details of supporting non-consecutive RO.

Proposal #2.4-9
· Further study RO configuration for 480 and/or 960 kHz PRACH, if supported:
· Use existing FR2 PRACH configuration table in 38.211 as a starting point for study of RO configuration
· Study whether or not modifications to the table and/or modifications to the supporting specification text are needed to support 480/960 kHz PRACH
· Study whether or not a gap between contiguous ROs is needed, e.g., due to LBT and/or beam switching including consideration of potential feedback from RAN4 and discussions on short control signaling




Furthermore, RAN1#104-bis-e made the following agreement:
	Agreement:
· PRACH configuration for 480/960 kHz SCS (if agreed)
· The minimum PRACH configuration period is 10 ms (as in FR2)
· For RO configuration for PRACH with 480/960kHz SCS,
· FFS: details of how to configure the 480/960 kHz PRACH ROs using [60 or 120 kHz] reference slot considering at least: 
· location of 480/960 kHz PRACH slot per reference slot
· location of duration containing 480/960khz PRACH slot pattern within 10ms
· potential impact to RA-RNTI calculation



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
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	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
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number of time-domain PRACH occasions within a PRACH slot
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PRACH duration
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	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 2.
[image: ]
[bookmark: _Ref68160710]Figure 5 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 3.
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[bookmark: _Ref68160832]Figure 6 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 take 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 described above are illustrated in Figure 4 and Figure 5.
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[bookmark: _Ref68165757]Figure 7 PRACH slot for 480 and 960 kHz SCS when “Number of PRACH slots within a 60 kHz slot” is 1.
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[bookmark: _Ref68165760]Figure 8 PRACH slots for 480 and 960 kHz SCS when “Number of PRACH slots within a 60 kHz slot” is 2.
Proposal 25: Reuse the existing FR2 RACH configuration table and PRACH slot(s) for 480 and 960 kHz are allocated with the following principles where the reference SCS is 60 kHz:
· 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.
 
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 26: 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

Channel Access and PRACH
As discussed in [5], transmitting selected signals/channels as SCSe (Short Control Signaling exemption) transmissions is highly attractive as deterministic transmission time of the signals for critical control and managements transmissions can be maintained, when the channel access uncertainty is removed. In UL, SCSe rule should be considered for various UL control transmissions, including PRACH and other RACH procedure related UL transmissions. Further as considered in [5], especially for the UL transmissions, one needs to consider means for gNB to control that the 10% maximum limit for SCSe transmissions of 100 ms observation period is not exceeded. Regarding PRACH, it should be discussed how to facilitate SCSe rule for PRACH transmissions and how gNB can control that SCSe based transmissions can be kept within the limit. 
Proposal 28: Support SCSe for PRACH transmissions and consider how gNB can control use of SCSe for PRACH transmissions so that the maximum limit for the SCSe transmissions can be kept. 
LBT gap between ROs:
ROs in the RACH slot are allocated in consecutive manner as shown in Figure 6 for the format A1. 
[image: ]
[bookmark: _Ref53060611]Figure 9 PRACH preamble time domain allocation for the format A1
It’s understood that short control signalling rule cannot be applied in all regions and thus LBT is needed. 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, also the LBT gap length would differ depending on the selected PRACH format. One could then argue that for the PRACH format with longer time domain allocation the probability that some other device would access the medium during LBT gap would be higher than for the PRACH format with shorter time domain allocation if the LBT gap is done using every second RO in the slot for it. Thus, it would be better to define fixed LBT gap between valid ROs that do not depend on the time domain allocation of the PRACH. In that case the LBT gap length would not depend on the used PRACH format. 
[bookmark: _Hlk53744423]Observation 18: If LBT gaps are needed between ROs, it would be better to define fixed LBT gap time between valid ROs that do not depend on the time domain allocation of the PRACH. In that case the LBT gap length would not depend on the used PRACH format.
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:
Observation 1: It could be considered whether for discoveryBurstWindowLength values smaller than 0.5ms are needed for 480kHz and 960kHz SSBs.
Proposal 1: Support operation with and without DBTW for initial access.
Observation 2: DBTW can be implemented either with additional SSB positions defined upon existing 64 positions within 5 ms window (for up to 64 SSBs in the cell) and without additional SSB positions (when < 64 SSBs are transmitted in the cell).
Observation 3: In both cases, with or without additional SSB positions, the retransmitted SSB would need to provide explicit information for the determining the retransmitted SSB index and when additional positions are defined also information based on which the UE derive timing.
Proposal 2: Define additional SSB locations for the purpose of SSB retransmissions. 
Proposal 3: Group additional SSB locations and associate each group to set of regular SSB positions, e.g. after each block of 16 regular SSB positions there is associated group of up to four additional positions that can be used to retransmit any of the associated actual SSBs.
Observation 4: If the DBTW assumption is to be provided to the UE, it would need to be available from the start to be useful.
Observation 5: Having separate SS-raster locations for when DBTW is enabled and disabled would be simplest solution to separate DBTW and no DBTW hypothesis.
Proposal 4: If DBTW assumption can be changed, it should be available to the UE starting from initial cell selection.
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 5: It is possible to apply SCSe to one part of actually transmitted SSBs and LBT procedure for other/rest of the SSBs.
Proposal 6: Consider semi-static or predetermined mechanism to determine which SSBs are under SCSe and which under LBT in certain time windows. 

In Section 2.2 we return to the discussion on the numerologies and other aspects related to the initial access, with following observations and proposals:- 
Proposal 7: Confirm that PSCell and SCell operation with 480kHz and 960kHz SSB is supported from RAN1 perspective.
Observation 7: As 480kHz and 960 kHz sub-carrier spacings are not mandatory for the UE.
Observation 8: Basing initial access to lower sub-carrier spacing than data can limit the UL-DL slot configuration.
Observation 9: Supporting additional numerologies for “initial access” (initial cell selection) results the largest deployment flexibility, with the cost of increased UE complexity. 
Observation 10: Supporting additional numerologies for only “non-initial access” mitigates the UE complexity increase. From UE complexity perspective, there is no real difference in support for CONNECTED mode and IDLE/Inactive mode.
Proposal 8: Support providing CORESET#0/Type0-PDCCH configuration for 480kHz and 960kHz kHz SCS SSB transmission in NR bands ranging between 52.6 GHz to 71 GHz. 
Proposal 9: Consider support for “initial access” (initial cell selection) for 480kHz and 960kHz kHz SCS SSB and mitigate the UE complexity via properly defining SS-raster.
Proposal 10: Support 240 kHz SCS for the SSB transmission in NR bands ranging between 52.6 GHz to 71 GHz
SSB pattern related aspects were discussed in Section 2.3, concluding to following proposals: -
Proposal 11: For carrier frequencies within 52.6 GHz to 71GHz, at 120kHz SSB, introduce additional candidate locations for SSB transmission support for 𝑛 = 4, 9, 14, 19. 
· The first symbols of the additional candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n.

Proposal 12: For carrier frequencies within 52.6 GHz to 71GHz, at 240kHz SSB, introduce additional candidate locations for SSB transmission support for 𝑛 = 10, 11, 12, 13, 15, 16, 17, 18. 
· The first symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56×n.
Observation 11: For 480kHz and 960kHz SSB pattern there does not appear to be need to reserve time gap specifically for beam switching, but it maybe preferable to limit the number of switches in a slot.
Observation 12: For SSB pattern design for 480kHz and 960kHz, few symbols before each SSB (if CORESET#0/Type0-PDCCH configuration is supported) or at the start of the slots (if CORESET#0/Type0-PDCCH configuration is not supported) could be reserved for data scheduling.
Observation 13: The option of having LBT gap before a set of SSBs may need to be accounted.
Observation 14: To enable LBT with a beamwidth corresponding to the beamwidth of a set of SSBs, number of consecutive SSBs between successive LBT gaps could be considered. 
Observation 15: Due to the anticipated DL to UL and UL to DL switching duration, it would not appear necessary to preserve symbols specifically for UL transmission in slots where SSBs are located.
Observation 16: For 480kHz and 960kHz SSB pattern, the need to reserve slots for UL and the overall duration of the SSB sweep should be considered. 

Type0-PDCCH CORESET and monitoring configuration was discussed in Section 2.4: -
Observation 17: For {120,120} pattern 1 and pattern 3 are supported in Rel-15.
Proposal 13: Consider supporting at least SSB and CORESET multiplexing pattern 1 for {480, 480} case. Pending on the UE minimum BW capability, consider also SSB and CORESET multiplexing pattern 2 or 3.
Proposal 14: Consider supporting at least SSB and CORESET multiplexing pattern 1 for {960, 960} case. 
Proposal 15: Consider supporting pattern 1 and pattern 2 for {240,120} case.
Proposal 16: For CORESET#0 with 120kHz sub-carrier spacing, consider supporting also ={96}. In case SSB and Type0 CORESET multiplexing pattern 1 removing option of ={24} could be considered.
Proposal 17: For SSB and CORESET#0 with 480kHz sub-carrier spacing, support following options:
· For multiplexing pattern1 ={[1],2, 3}
· For multiplexing pattern2 or 3 ={1, 2} (if supported)

Proposal 18: For CORESET#0 with 480kHz sub-carrier spacing, support ={24, 48}. 
Proposal 19: For SSB and CORESET#0 with 960kHz sub-carrier spacing, support for multiplexing pattern 1 ={2, 3}.
Proposal 20: For CORESET#0 with 960kHz sub-carrier spacing, support ={24}. 
Proposal 21: For SSB with 240kHz sub-carrier spacing and CORESET#0 with 120kHz sub-carrier spacing, support following options:
· ={1, 2}
· ={24, 48}

Aspects related to PRACH were covered in Section 2.5, with following proposals: -
Proposal 22: Support 480kHz and/or 960 kHz SCS for PRACH in non-initial access use cases.
Proposal 23: Support 480kHz and/or 960 kHz SCS for PRACH in initial access use case when UE’s SSB search complexity can be mitigated.
Proposal 24: Support L=139  for PRACH with 480kHz and 960kHz at above 52.6 GHz.
Proposal 25: Reuse the existing FR2 RACH configuration table and PRACH slot(s) for 480 and 960 kHz are allocated with the following principles where the reference SCS is 60 kHz:
· 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.

Proposal 26: 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

Proposal 27: Support SCSe for PRACH transmissions and consider how gNB can control use of SCSe for PRACH transmissions so that the maximum limit for the SCSe transmissions can be kept. 
Observation 18: If LBT gaps are needed between ROs, it would be better to define fixed LBT gap time between valid ROs that do not depend on the time domain allocation of the PRACH. In that case the LBT gap length would not depend on the used PRACH format.
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