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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 [2]. 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.
· [bookmark: _Hlk61597346]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
Numerologies for initial access
The intent of the WID [1] is to minimize specification burden and maximize the leverage of FR2 based implementations, by extending FR2 operation up to 71 GHz with the adoption of one or more new numerologies. Two new sub-carrier spacings are considered for data and control channels. 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.
FR2 operation supports two sub-carriers spacings for SSBs, 120kHz and 240kHz as shown in Table 1 [3GPP TS 38.101-2]. When considering additional sub-carriers for SSBs in addition to the 120kHz, it would seem most natural to consider 240kHz as a first candidate. 
[bookmark: _Ref61597046]Table 1: Applicable SS raster entries per operating band [3GPP TS 38.101-2]
	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n257
	120 kHz
	Case D
	22388 - <1> - 22558

	
	240 kHz
	Case E
	22390 - <2> - 22556

	n258
	120 kHz
	Case D
	22257 - <1> - 22443

	
	240 kHz
	Case E
	22258 - <2> - 22442

	n259
	120 kHz
	Case D
	23140 – <1> – 23369

	
	240 kHz
	Case E
	23142 – <2> – 23368

	n260 
	120 kHz
	Case D
	22995 - <1> - 23166

	
	240 kHz
	Case E
	22996 - <2> - 23164

	n261
	120 kHz
	Case D
	22446 - <1> - 22492

	
	240 kHz
	Case E
	22446 - <2> - 22490

	NOTE 1:	SS Block pattern is defined in clause 4.1 in TS 38.213 [10].


 
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 2). 
[bookmark: _Ref61865290]Table 2 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 1: Support 240 kHz SCS for the SSB transmission in NR bands ranging between 52.6 GHz to 71 GHz.
In addition to 120kHz and 240kHz, 480kHz and 960kHz sub-carrier spacing could be considered for the SSBs. From UE perspective having multiple hypotheses for SSB subcarrier spacings will increase the UE initial search (cell selection) complexity and/or delay. Assuming that the SSB structure is kept unchanged (i.e. at 20PRBs), the total BW of the SSB with 480kHz and 960kHz sub-carrier spacing would be 115,2MHz and 230,4MHz, respectively. In order to enable the use of these sub-carrier spacings for SSB would thereby require that the UE minimum initial RF BW is sufficient. Also, to enable support of narrower channel bandwidths (e.g. 200MHz and 300MHz, for 480kHz and 960kHz, respectively), the channel and synchronization raster would need to be considered to alleviate the UE initial cell search complexity. These aspects would depend on the RAN4 agreements on the area. 
Observation 1: Supporting 480kHz and 960kHz sub-carrier spacings for SSB can have implications to initial cell search/selection complexity, UE minimum initial RF BW and possibly to synchronisation raster, depending on the minimum carrier BW.
From system perspective, being able to have SSBs with same sub-carrier spacings as data e.g. 960kHz, would enable simpler operation with lower overhead. It could also facilitate UE operation in Connected mode, e.g. for beam management, as discussed in Section 2.2. Therefore it could be good to consider the option of supporting additionally sub-carrier spacings of 480kHz and 960kHz for SSB.
Proposal 2: Consider and discuss of support of 480kHz and 960kHz kHz SCS for the SSB transmission in NR bands ranging between 52.6 GHz to 71 GHz.
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 before the network is aware of the UE capabilities, it might not be practical to use these sub-carrier spacings e.g. for data. Thus, it would appear that the initial access related data and control channels in initial BWP cannot use 480 kHz and 960 kHz SCSs. 
Observation 2: It would appear that 480 and 960 kHz cannot be used for initial access related data and control channels in initial BWP for IDLE and Inactive Mode UEs.
This would imply that, for initial access from IDLE/Inactive mode, system would need to provide in minimum, SIB1 and paging assuming the 120kHz sub-carrier spacing. For other system information, through use of the On-Demand system information delivery, UE’s could be provided the system information in Connected mode with the desired data numerology. Assuming CORESET#0 BW of 24PRBs would result initial BWP BW of {138,24MHz, 276,48MHz} for 480kHz and 960kHz sub-carrier spacing respectively.

SSB numerologies for other use cases
Based on legacy operation, UE is allowed to apply interruptions for SSB monitoring/reception within SMTC window in two cases; when the SSB numerology is different than the data numerology and UE does not support simultaneousRxDataSSB-DiffNumerology (in FR1) and to accommodate RX spatial filter changes for monitoring in different directions (in FR2). Thus, UE is not required to support simultaneous reception of two numerologies in one active BWP. Also, it is typically expected/assumed, depending on UE capabilities that the active BWP contains also the SSB. Thus, it would seem that receiving/monitoring SSBs with 120kHz numerology could cause interuptions to the active data reception (e.g. with 960kHz), unless it is made mandatory for the UE to support simultaneous measurements and reception with two sub-carrier spacings. 
In NR CA operation, it is possible to provide the sub-carrier spacing of the SSB for the Scell operation (in ServingCellConfigCommon). To limit the overhead, it could desirable for the network for carrier aggregation operation, to operate certain cells only with single numerology. Thus, for example certain cells could be operated solely with 960kHz. To accommodate this it could be considered that SSB support for additional sub-carrier spacings 480kHz and 960kHz is introduced.
In addition, it can be assumed that SSBs are important reference signals for beam management (BM) in Connected mode, for instance as reference signals for L1-RSRP measurements and for determining QCL relations. If short control signalling rule can be applied for the SSBs, use of SSBs for L1-RSRP measurements to detect new candidate beams would provide robustness for the BM rather than basing it on signals requiring LBT. Having the same numerology for the SSBs in Connected mode as with the dedicated BWP could alleviate UE complexity.
Regarding system information delivery, the UE could operate with single numerology in dedicated BWP if there was also SSB with the same numerology since the UE can be provided system information using dedicated signalling [3GPP TS 38.331]:
“-	For a UE in RRC_CONNECTED, the network can provide system information through dedicated signalling using the RRCReconfiguration message, e.g. if the UE has an active BWP with no common search space configured to monitor system information, paging, or upon request from the UE.”
In addition, On-Demand SI delivery is also supported.Based on above, we consider it being beneficial to introduce additional SCS (480 kHz, 960 kHz) for SSB for cases other than initial cell search/selection, mainly to enable Scell operation with single numerology but also for BM and RRM purposes. In order to support efficiently single beam gNB implementation it would be beneficial to at least to support transmission of the SSBs of different SCSs at the same time to reduce the general SSB transmission overhead. Thus when considering the SSB transmission pattern with the new SCSs it could be good to account the overhead and UE monitoring behaviour. 
Proposal 3: Support additional SCS (480 kHz, 960 kHz) for SSB for other use cases than initial cell selection (e.g. for Scell, BM and RRM). 

PRACH
Initial BWP considerations:
The initial BWP is based on the bandwidth of the CORESET#0. In case 120 kHz SCS is used for control and data in the initial access and following FR2 configuration options the initial BWP bandwidths defined by 120 kHz SCS CORESET#0 can be 24 or 48 PRBs, i.e. 34.56 MHz or 69.12 MHz, respectively. 
Observation 3: Initial BWP bandwidth options for 120 kHz CORESET#0 in FR2 are 34.56 MHz and 69.12 MHz.
Furthermore, in RAN4#96-e the following bandwidth was agreed to be further discussed [3]:
· The maximum supported channel bandwidth between 400 MHz and 2160 MHz, 
· The minimum supported channel bandwidth between 50 MHz and 800 MHz 
It was agreed that PRACH preamble may have sequence length of 1151. However, the required bandwidth would be 138.12 MHz. Thus, PRACH preamble with sequence length of 1151 would not fit into initial BWP in FR2. In addition, it could be considered to enable larger payload size for SIB1 delivery. Thus, it could make sense to consider wider initial BWP bandwidth options than supported in FR2. 
Observation 4: PRACH preamble using 120 kHz SCS and sequency length of 1151 would not fit into initial BWP defined by 120 kHz SCS CORESET#0 in FR2.
Proposal 4: Consider supporting wider initial BWP bandwidth options than supported in FR2, e.g. 96 PRBs with 120 kHz SCS. 

SCS for PRACH:
Regarding the supported SCSs for PRACH, as discussed in previous section the SCSs 480 and 960 kHz would be optional to UEs. Thus, it would appear that at least in initial access PRACH would need to use the 120 kHz SCS, if all the UEs shall be able to access to the cell. However, currently 120 kHz SCS is supported for length 139 preamble but not for 571 (only 30 kHz specified) or 1151 (only 15 kHz specified). 
Proposal 5: Support PRACH preamble length 571 and 1151 at least for 120 kHz SCS. 
Range requirements for NR above 52.6 GHz are as follows [4, Table 6-2]:
	
	Target range (m)
	Availability (%)
	Connectivity

	Backhaul/fronthaul
	< 500-3000 m
	99.99 – 99.999 %
	P-to-P

	Outdoor small cell
	< 100 m
	99. 9 – 99.99 %
	P-to-MP

	Indoor hotspot/IoT
	<20 m
	99.9 – 99.9999 %
	P-to-MP

	Personal area network
	< 5 m
	99.9 – 99.99 %
	P-to-P



In NR FR2 short PRACH preamble formats are supported for . They are having a structure where a CP is followed by repetitions of the sequence without CP in between. NR short PRACH preamble formats and corresponding maximum cell radius are illustrated in Table 3 for  (delay spread assumptions same as used in Rel. 15 to calculate cell radius). The maximum cell radius is calculated using the following equation:

where  is cyclic prefix of the PRACH preamble,  is delay spread and  is guard period (applied in formula if non-zero value in Table 5). 
[bookmark: _Ref7445001]Table 3 NR short PRACH preamble formats where 
[image: ]
It can be observed that 960 kHz SCS PRACH can support required range e.g. for indoor scenario. The, for instance, SCell could be operated with 960 kHz SCS and for single-numerology operation also for random access the UE could be configured with 960 kHz SCS PRACH resources used e.g. for timing acquisition in SCell. 
[bookmark: _Hlk53744389]Observation 5: 960 kHz SCS for PRACH can support required range for the indoor scenario.
Observation 6: It would be beneficial to support e.g. 960 kHz PRACH for SCell operating with 960 kHz SCS.

LBT gap between ROs:
ROs in the RACH slot are allocated in consecutive manner as shown in Figure 19 for the format A1. 
[image: ]
[bookmark: _Ref53060611]Figure 1 PRACH preamble time domain allocation for the format A1
One way to arrange LBT gap between RACH occasions is to use make every other RO in the PRACH slot valid. However, as can be from Table 5, 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 7: 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
Based on the discussion in previous chapter we made the following observations and proposals: 
Sub-carrier spacings for initial cell search/selection:
Proposal 1: Support 240 kHz SCS for the SSB transmission in NR bands ranging between 52.6 GHz to 71 GHz.
[bookmark: _GoBack]Observation 1: Supporting 480kHz and 960kHz sub-carrier spacings for SSB can have implications to initial cell search/selection complexity, UE minimum initial RF BW and possibly to synchronisation raster, depending on the minimum carrier BW.
Proposal 2: Consider and discuss of support of 480kHz and 960kHz kHz SCS for the SSB transmission in NR bands ranging between 52.6 GHz to 71 GHz.
Observation 2: It would appear that 480 and 960 kHz cannot be used for initial access related data and control channels in initial BWP for IDLE and Inactive Mode UEs.

SSB numerologies for other use cases:
Proposal 3: Support additional SCS (480 kHz, 960 kHz) for SSB for other use cases than initial cell selection (e.g. for Scell, BM and RRM). 

RACH:
Observation 3: Initial BWP bandwidth options for 120 kHz CORESET#0 in FR2 are 34.56 MHz and 69.12 MHz.
Observation 4: PRACH preamble using 120 kHz SCS and sequency length of 1151 would not fit into initial BWP defined by 120 kHz SCS CORESET#0 in FR2.
Proposal 4: Consider supporting wider initial BWP bandwidth options than supported in FR2, e.g. 96 PRBs with 120 kHz SCS. 
Proposal 5: Support PRACH preamble length 571 and 1151 at least for 120 kHz SCS.
Observation 5: 960 kHz SCS for PRACH can support required range for the indoor scenario.
Observation 6: It would be beneficial to support e.g. 960 kHz PRACH for SCell operating with 960 kHz SCS.
Observation 7: 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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