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1. [bookmark: _Ref61886009]Introduction
The following objective is included in this work item [1]:
· [bookmark: _Hlk58583563]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· 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 timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· [bookmark: _Hlk58594915]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. 
In this contribution, we first discuss the SSB and initial DL BWP related aspects which include SSB numerology selection, SSB design in time design and SSB multiplexing pattern. Then the PRACH and initial UL BWP issues which include PRACH numerology selection, PRACH sequence design, RO configuration and RA-RNTI will be studied. Finally, we discuss the SSB and PRACH design other than initial access. 
2. [bookmark: _Ref498564494]SSB and initial DL BWP
1. 
2. 
[bookmark: _Ref521492551][bookmark: PP12]SSB and initial DL BWP numerology selection
In RAN1#104b-e meeting, the numerology of SSB and initial BWP was discussed and the following aspects were agreed [3] 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 above agreement, 480KHz and 960KHz SSB are supported for non-initial access case with certain restriction, i.e. SSB can’t be used for configuring Type-0 PDCCH. Besides, it implies that 480K/960KHz SCS are not supported as initial BWP SCS if no further agreement. Assuming 2GHz band available in 52.6-71GHz, Figure 1 provides several possible deployment scenarios where 960KHz SSB is used for non-initial access case.
[image: ]
[bookmark: _Ref71554412]Figure 1  Possible deployment scenarios when 960KHz SSB is used in non-initial access case
ANR Problem analysis
As is well known, the purpose of ANR function is to relieve the operator from the burden of manually managing neighbor cell relations (NCRs), which are mainly used for mobility purpose (p.s. in practice, NCRs largely are configured manually). NCRs are cell-to-cell relations, while an Xn link is set up between two gNBs.
Among the above candidate scenarios in Figure 1, scenario 1-1 is the easiest and fastest way for operator to deploy 52.6-71GHz cells with dual connectivity between FR2 and FR2X (52.6-71GHz). One example is provided below in Figure 2, where gNB (a,b,c,d) are newly established non-standalone cells in FR2X, i.e. operating as PScell for all UEs. If no SIB1 broadcast in these cells, Xn link between cells in FR2 and FR2X should be established manually since ANR couldn’t work in this case. Considering the cell coverage of FR2X is much smaller and the number of FR2X cells may be large. Then, if without ANR, significant burden of manual managing NCRs will be introduced for operators. 
[image: ]
[bookmark: _Ref71566067][bookmark: _Hlk71566912]Figure 2  Example for FR2X cell deployment
Besides, in unlicensed band such as 60GHz, ANR becomes more important since it will be used to identify PCI confusion problem between different operators. For example, as shown in Figure 3, if gNB1b from operator 1 and gNB2b from operator 2 are using the same PCI in the same frequency, gNB may misunderstand the measurement report and perform wrong handover. 
[image: ]
[bookmark: _Ref71567038]Figure 3  Example for PCI confusion problem
To support ANR, the information on Type-0 PDCCH scheduling SIB1 should be known for the UEs who configured with CGIreporting. It is mentioned in RAN1-104b-e meeting that dedicated signaling could be an alternative to convey Type-0 PDCCH configuration for 480/960KHz SSB. However, for the example in Figure 2 and Figure 3, the serving gNB that UE connects to (e.g. gNB1 in Figure 2 and gNB1a in  Figure 3) has no method to obtain the Type-0 PDCCH configuration from the corresponding PScell. For example, in Figure 2, there is no connection between gNB1 and newly establishing gNBb, so that Type-0 PDCCH configuration is only known for gNBb itself. Besides, in Figure 3, gNB1a/b and gNB2a/b belong to different operators and couldn’t achieve information exchange. In summary, dedicated signaling can’t be used for conveying the Type-0 PDCCH configuration to read the SIB1. Therefore, indicating Type-0 PDCCH in 960KHz SSB is the only reasonable way to support ANR.
[bookmark: _Ref71461299][bookmark: _Ref71466485]Proposal 1: ANR should be supported for 480/960KHz SSB by indicating Type-0 PDCCH in the SSB.
Support of high data rate scenario in managed networks
As discussed above, if 480K/960KHz can not be used for initial access case, the possible deployment scenarios illustrated in Figure 1 are not suitable or efficient in managed networks according to the following reasons:
· For Scenario 1-1, it is not good to rely on globally-used licensed spectrum for a managed network;
· For Scenario 1-2, guard band between the 120KHz carrier and 960KHz carrier is wasted. Besides, CA is mandatory with more complexity in a managed network;
· For Scenario 1-3, 120KHz and 960KHz slots are TDM from gNB’s perspective and thus introduce more implementation complexity. When operation in 960KHz BWP, the slots operation in 120KHz BWP are wasted. Besides, BWP switching is mandatory after initial access;
· For Scenario 1-4, 120KHz and 960KHz slots are FDM from gNB’s perspective and thus introduce more implementation complexity. When operation in 960KHz BWP, the RBs operation in 120KHz BWP are wasted. Besides, BWP switching is mandatory after initial access.
To solve the problems, two alternative solutions can be considered:
· Alt 1: Support 480/960 kHz SCS for both initial BWP and SSB
· Alt2: Support configuration of 480kHz and 960kHz CORESET#0/Type0-PDCCH for SSB with 120kHz and/or 240kHz SCS
The difference between these two Alts is whether support the SSB SCS with 480/960 kHz SCS. On the one hand, one of primary functions of SSB is to achieve time synchronization, which is based on the design of PSS and SSS sequence, and the corresponding SCS. If the SCS of SSB is smaller than that of other signals, it is unable to complete the required time synchronization accuracy due to the narrow SSB bandwidth allocation in the frequency domain. On the other hand, if the SCS of SSB is much smaller than initial BWP, the koffset, which is the frequency domain offset between SSB and the overall resource block grid in number of subcarriers, is indicated by ‘ssb-SubcarrierOffset’ with 4 bits in FR2. In details, the koffset is indicated by ‘ssb-SubcarrierOffset’ with 4 bits in FR2, where the SCS of koffset is the same as that of initial DL BWP in FR2 since SCS of initial DL BWP is always smaller or equal to that of SSB. Therefore, if the SCS of SSB is smaller than initial DL BWP, the bit number of koffset needs to be increased. The smaller the SCS of SSB, the more bit number of koffset required.
From other perspective, as we discuss in Proposal 1, the non-initial SSB with SCS 480/960 kHz associated with Type-0 PDCCH and SIB1 has already been supported. Thus, there is no additional burden for the design of specification by supporting the initial SSB with SCS 480/960 kHz. 
[bookmark: _Ref71466495]Proposal 2: Support 480/960 kHz SCS for both initial BWP and SSB.
[bookmark: _Hlk61548109]In RAN1#104b-e email discussion, the moderator summarized the opinions form all companies, and formed four ALTs:
	ALT1 updated) Proposal for a working assumption:
· Support SSB with 240/480/960 kHz for initial and non-initial access with support of CORESET0/Type0-PDCCH configuration in the MIB. 
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries in the 57 – 71 GHz band per band in FR2 no larger than 400 (Note: the maximum total number of synchronization raster entries in FR2 for band n259 is 344). per band. If the assumption cannot be satisfied, it’s up to RAN4 to decide which of 240/480/960 kHz SCS are supported for initial access of such band.
· RAN1 prioritizes time-domain multiplex of SSB and CORESET0 to minimize the number of needed synchronization raster entries.
· Supporting 480 kHz SCS and 960 kHz SCS for SSB are UE capabilities: 
· UE is not expected to support 480 kHz SCS for SSB if it doesn’t support 480 kHz SCS for data/control channels.
· UE is not expected to support 960 kHz SCS for SSB if it doesn’t support 960 kHz SCS for data/control channels.
· Send an LS to RAN2 and RAN4. 

ALT 2) Proposal:
· Support 480 and 960 kHz SCS for non-initial access case with CORESET#0/Type0-PDCCH configuration provided by MIB or dedicated signal to be down-selected 
· Don’t support 480 or 960 kHz SCS for initial access case

ALT 3 – same as 1.1-9) Proposal:
· Support 480 and 960 kHz SCS for non-initial access case with CORESET#0/Type0-PDCCH configuration provided by MIB or dedicated signal to be down-selected 
· Don’t support 480 or 960 kHz SCS for initial access case
· Support 240 kHz SCS for both initial access case and non-initial access case

ALT4 – alt 1 alternative update ) Proposal for a working assumption:
· Support SSB with 240 and one of 480 or 960 kHz for initial and non-initial access with support of CORESET0/Type0-PDCCH configuration in the MIB. 
· [SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical]
· [only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS]
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries in the 57 – 71 GHz band per band in FR2 no larger than 400 (Note: the maximum total number of synchronization raster entries in FR2 for band n259 is 344). per band. If the assumption cannot be satisfied, it’s up to RAN4 to decide which of 240/480/960 kHz SCS are supported for initial access of such band.
· RAN1 prioritizes time-domain multiplex of SSB and CORESET0 to minimize the number of needed synchronization raster entries.
· Supporting 480 kHz SCS and 960 kHz SCS for SSB are UE capabilities: 
· UE is not expected to support 480 kHz SCS for SSB if it doesn’t support 480 kHz SCS for data/control channels.
· UE is not expected to support 960 kHz SCS for SSB if it doesn’t support 960 kHz SCS for data/control channels.
· Send an LS to RAN2 and RAN4. 


As we discuss and analyze before, ALT2 and ALT3 would introduce two BWPs (120KHz in initial BWP and 960KHz in operation BWP), which bring BWP switch delay and cause a waste of frequency resource as well as a higher implementation burden for both gNB and UE. Thus, the ALT1 and ALT4 are better choice as the solution for SSB and initial/non-initial BWP design. Meanwhile, the main difference between ALT1 and ALT4 is whether choose 240/480/960 kHz SCS or one of 480 or 960 kHz for initial and non-initial access. For our perspective, the complexity of sync raster design needs to be considered when choosing the SCS of SSB.  If multiple SSB SCSs are supported, the UE needs to perform blind detection on massive sync raster, which will cause a higher detection burden for the UE. Thus, it is desirable to choose one SCS between 480 kHz and 960 kHz. Furthermore, the SSB with 960 kHz could achieve more high-precision time synchronization and smaller number of synchronization raster entries. We believe the SSB with 960 kHz is the best choice. 
[bookmark: _Hlk71464591]Therefore, we support ALT1 and ALT4 as the solution for SSB and initial/non-initial BWP design, and prefer ALT4. 
[bookmark: _Ref71466499]Proposal 3: Support ALT1 and ALT4 as the solution for SSB and initial/non-initial BWP design, and prefer ALT4.
SSB design in time domain
In NR FR1&FR2, SSB pattern design is supported for 15KHz and 30KHz (FR1), and 120KHz and 240KHz (FR2). With the introduction of higher SCS for B52.6GHz system, the SSB pattern needs to be re-defined because of the newly introduced problems: 1, frequency domain offset estimation during SSB detection; 2, beam switching time problem. 
SSB period for initial access
With increasing of the center frequency, the absolute value for frequency domain offset is increased if assuming the same ratio (e.g. 10ppm). It should be estimated by two steps with coarse estimation first and fine estimation second. The target of coarse estimation is to narrow down the offset into a small range, which is called frequency offset estimation searcher. Then fine estimation will be used for determining the actual offset value. However, the estimable frequency offset range by fine estimation is limited, i.e. where Nd is the time interval of PSS sequence and SSS sequence. Particularly, the range values of frequency offset for different SCSs are given below:
· SCS120: [-28K 28K]
· SCS240: [-56K 56K]
· SCS480: [-112K 112K]
· SCS960: [-224K 224K]
For a given offset value (e.g. -600K~600K Hz for 60GHz center frequency), the needed number of branches are given below:
· SCS120: searcher range 28k, steps = 1200k/56k≈22 
· SCS240: searcher range 56k, steps = 1200k/112k ≈11
· SCS480: searcher range 112k, steps = 1200k/224k ≈6
· SCS960: searcher range 224k, steps = 1200k/448k ≈3
If using a smaller number of searchers than the above value, significant performance loss is observed from the figure below (240 KHz as example), i.e. >3dB loss in terms of PBCH BLER in 60GHz. However, more searchers mean more hardware complexity and device cost. One possible way is to perform frequency offset estimation in multiple SSB period using limited number of searchers, i.e. 6 branches monitoring 6 ranges in one SSB period and the other 6 ranges in next SSB period. This will result in larger latency for cell search. Therefore, to maintain the same cell search latency and hardware cost, smaller SSB period than that in FR1 & FR2 is expected for 52.6-71GHz system.
[image: SCS240, different branch]
Figure 4  SSB detection performance for 240K SCS (TDL-A 10ns)
[bookmark: _Ref61561990]Observation 1：For frequency domain offset estimation during SSB detection, using SSB with low SCS such as 120K/240KHz may increase hardware complexity or cell search latency.
The second issue is the number of buffering samples for higher SCS such as 960KHz during the process of SSB detection. Currently, UE assumes 20ms SSB period during initial access, which means UE may need to buffer 20ms samples so that at least one SSB could be detected if it is transmitted on one certain sync raster. Naturally, smaller SSB period could solve this problem.
[bookmark: _Ref61561995]Observation 2: For number of buffering samples during SSB detection, using SSB with high SCS such as 960KHz will need larger buffer cost compared to that in FR2 if adopting the same SSB period (20ms).
According to the above analysis, assuming smaller SSB period for cell search could solve both the problems for low SCS (120/240K) and high SCS (960K). Another alternative is to relax RAN4 requirement for initial cell search time. Therefore, the following proposal is made: 
[bookmark: _Ref53685084]Proposal 4: For initial cell search in 52.6-71GHz, a UE may assume that half frames with SSB occur with smaller period than FR2 (e.g. 5ms), or lower RAN4 requirement for the cell search time.
SSB pattern in time domain
Considering the possibility of introducing large SCS, the SSB pattern design in Time domain was discussed in RAN1#104b-e meeting, and the following options were agreed[3]:
Agreement:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· 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
In this agreement, the design of SSB pattern in time domain with 120 kHz is nearly the same as FR 2. The slight difference is FFS other values of n according to DBTW. Because of the characteristics of LBT in un-licensed band, more transmission opportunities are needed. Thus, our point of view is that it is needed to support of additional n values. Meanwhile, the design for SSB slots with SCS 120kHz can be shown in Figure 5. In the figure, each square (n) represents two slots, where the square with yellow color means the slots that contains SSB. Thus, it is easy to find that when n equals to 4,9,14 and 19, additional slot (without SSB) can be used to more candidate SSBs. 
[image: ]
[bookmark: _Ref71635396]Figure 5 SSB slot for SCS 120KHz 
[bookmark: _Ref71466511]Proposal 5: Support of additional n values to support of DBTW, and the value of n can be 4, 9, 14, 19.
However, the SSB pattern in time domain for SCS 480 kHz and 960kHz have not been discussed yet, which will be mainly discussed in this section. 
In Rel-16 (FR1), SSB can be configured by 15KHz and 30KHz SCS and only multiplexing pattern 1 was supported. In Rel-16 (FR2), the 120KHz and 240KHz was supported (case D and case E respectively) for SSB with multiplexing pattern 1, 2 and 3.
The case D and case E definition is shown in [3]:
-	Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, .
-	Case E - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, .
According to the configuration, the time domain design for SCS 120KHz and 240KHz can be obtained:
[image: ]
Figure 6 SSB time domain design for SCS 120KHz (case D)
[image: ]
[bookmark: _Ref67991036]Figure 7 SSB time domain design for SCS 240KHz (case E)
For the design of SSB time domain pattern with SCS of 480KHz and 960KHz, it is preferable to reuse the existing pattern to minimize the specification impacts. Therefore, it is better to choose one of case D and case E as the baseline for designing the SCS 480 kHz and 960 kHz time domain pattern. 
[bookmark: _Hlk68009976]From Figure 7, we can see that four SSBs are consecutive with no gap. In such case, the UL date can only be transmitted after four DL SSB transmission, which is unfriendly to latency-sensitive scenario. One the other hand, the time duration of SCS 480KHz and 960KHz is 4 and 8 times greater than that of SCS 120KHz. The beam switching between Type0 PDCCH and RMSI will be more frequent which increase implementation complexity. Thus, it is preferable to reuse case D as the baseline for designing the SCS 480 kHz and 960 kHz time domain pattern.
[bookmark: _Ref68098603]Proposal 6: Support to reuse case D as the baseline for designing the SCS 480 kHz and 960 kHz time domain pattern.
Beam switching time is a key factor affecting the SSB time domain design. Whether the CP length can cover the beam switching time needs to be considered. For different SCS, the CP coverage is inconsistent which is shown in the following Table 1:
[bookmark: _Ref61555642]Table 1 List of NCP length for different numerologies
	SCS (kHz)
	Symbol 
length
	NCP length（6.57%）

	15
	66.67 us
	4.688 us

	30
	33.33 us
	2.344 us

	60
	16.67 us
	1.172 us

	120
	8.33 us
	585.94 ns

	240
	4.17 us
	292.97 ns

	480
	2.08 us
	146.48 ns

	960
	1.04 us
	73.24 ns


As we can see form Table 1, the NCP length for SCS 480KHz is larger than 100ns (beam switching time), but the NCP length for SCS 960KHz is not long enough to cover the switching time. To solve the above problems, the following alternatives could be considered:
· Alt. 1: New SSB pattern introducing gaps between contiguous candidate SSBs;
· Alt. 2: The same QCL assumptions for contiguous candidate SSBs
For Alt. 1, the key idea is to reserve gap OFDM symbols between neighboring contiguous SSBs for beam switching. One example is given in Figure 8, i.e. move 2 OFDM symbols forward (from symbol 4-7 to 2-4) for the 1nd SSB in the slot. In this case, all of the SSB beams can be guaranteed not to cross the slot which can simplify the specification design. Note that scheduling restriction should be made on the gap symbols for beam switching.
[image: ]
[bookmark: _Ref61556153]Figure 8  The new SSB pattern with certain gaps
For Alt. 2, the key idea is to assume the same QCL (i.e. the same beam) for contiguous candidate SSBs. One example is given in Figure 9: The number of candidates SSB positions in time domain is extended to 128, where the neighboring continuous SSB are assumed to be QCLed in default. Namely, SSB 0 is QCLed with SSB 1, SSB 2 is QCLed with SSB 3, and etc. In this way, the total number of SSB beams is still 64. Note that the same color of SSBs is assumed to be QCLed in Figure 9.
[image: ]
[bookmark: _Ref61559427]Figure 9  The neighbouring two SSB beams are QCLed 
In such case, the bits in ssb-PositionsInBurst indicator is used to indicate whether the same QCLed SSBs is sent or not. That is, ‘0’ represents the same QCLed SSBs will not be transmitted, and ‘1’ represents at least one of the QCLed SSBs should be transmitted. Then, another 1 bit can be introduced to indicate the meaning of ‘1’, where this bit can indicate all the QCLed SSB are transmitted or one unique of the QCLed SSBs is transmitted.
[bookmark: _Ref47542106]Proposal 7: The following alternatives could be considered to solve beam switching problem for contiguous candidate SSBs:
· Alt. 1: New SSB pattern introducing gaps between contiguous candidate SSBs;
· Alt. 2: The same QCL assumptions for contiguous candidate SSBs;
SSB transmission window
In RAN1#104b-e meeting, the SSB transmission window was discussed and the following options were agreed [3]:
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 the design of NR-U, DBTW is introduced to enable more flexible transmission upon LBT. Therefore, for NR 52.6 GHz to 71 GHz, it is better to reuse the design criterion to increase transmission opportunities of these signals and channels, no matter which SSB SCS. 
[bookmark: _Ref68098695]Proposal 8: Support DBTW in un-licensed band from 52.6 GHz to 71 GHz, no matter which SSB SCS.
In case the DBTW is supported, how the UE knows whether there is DBTW in initial access process needs to be studied.  To solve the above problem, the following alternatives could be considered:
· Alt. 1: Determine whether there is DBTW based on the frequency band
· Alt. 2: Determine whether there is DBTW based on the indicator in PBCH
· Alt. 3: Determine whether there is DBTW based on the design of SSB sequence 
For Alt. 1, after receiving SSB, the UE judges whether there is DBTW according to the frequency band information or sync raster where the SSB is located. That is, exist DBTW if operating in un-licensed band, no DBTW if operation in licensed band.  For Alt. 2, one bit in PBCH can be utilized to indicate whether there is DBTW. For Alt. 3, the time domain relationship between PSS sequence and SSS sequence, phase difference between PSS sequence and SSS sequence and the phase of PBCH DM-RS can be used to determine whether there is DBTW. 
[bookmark: _Ref68098702]Proposal 9: The following methods could be considered to determine whether there is DBTW:
· Alt. 1: Frequency band (licensed or un-licensed);
· Alt. 2: The indicator in PBCH;
· Alt. 3: The design of SSB sequence (PSS, SSS and DMRS).
The SSB distributed in different DBTW windows also have a certain QCL relationship. For this purpose, the Q was designed in [3], which is related to the SCS and the LSB of ssb-SubcarrierOffset as shown in the following table.
[bookmark: _Ref68031837][bookmark: _Ref68031830]Table 2 Mapping between the combination of subCarrierSpacingCommon and LSB of ssb-SubcarrierOffset to Q [3]
	subCarrierSpacingCommon
	LSB of ssb-SubcarrierOffset
	

	scs15or60
	0
	1

	scs15or60
	1
	2

	scs30or120
	0
	4

	scs30or120
	1
	8


From Table 2, we can see that only one bit is used to indicate the value of Q for each SCS. However, with the introduce of large SCS (480KHz and 960KHz) and the increase number of transmitted SSB, the value of Q needs to be increased, such as Q=16 or 32. Thus, how to indicate the value of Q needs to be researched. Some solutions can be considered:
· Alt. 1: Specify the value of Q for each SCS;
· Alt. 2: Utilize the bits in PBCH;
For Alt. 1, the Q can be determined by SSB SCS or SSB pattern. For instance, when the SSB SCS is 480KHz or 960KHz, the Q can be defaulted to 16 or 32 respectively. For Alt. 2, some bits in PBCH can be utilized to indicate the value of Q.
[bookmark: _Ref68098715]Proposal 10: The following methods could be considered to indicate the value of Q:
· Alt. 1: Specify the value of Q for each SCS;
· Alt. 2: Utilize the bits in PBCH;
Not all SSBs in an SS Burst Set must be sent. Actually, the transmitted SSB is indicted by ssb-PositionsInBurst, which shows different types in SIB1 and servingcellconfigcommone. In servingcellconfigcommone, there has 64 bits to indicate the transmission of 64 SSBs. However, there has only 16 bits in SIB1, which contains two indicators: groupPresence and inOneGroup with each has 8 bits. The groupPresence indicator is used to indicate whether to transmit every 8 consecutive SSB (a group); the inOneGroup indicator is used to indicate which SSBs are sent in a group. 
With the increase value of Q and the introduction of DBTW, the ssbPositionsInBurst in SIB1 may be ambiguated. We discuss the solutions under the following two scenarios: 
a) The protocol SSB pattern and new SSB pattern which introduce gaps between contiguous candidate SSBs;
b) The SSB pattern where two continuous SSBs are assumed to be QCLed.
For case a), one solution is to ensure how many bits in the groupPresence are valid in terms of the value of Q. For instance, if Q=32, then the valid bits in the groupPresence are 4 (Q/8). Another solution is to re-define the groupPresence and inOneGroup in terms of Q. That is, determine the number of SSBs represented by each bit in groupPresence and inOneGroup according to the value of Q. For instance, if Q=32, Q/8=4, then 1 bit represent 4 SSBs. 
For case b), if we assume the number of continuous QCLed SSBs is Y. Then, all candidate SSBs with the same modula (X, Q*Y) value have the same QCL relationship. In such a case, the bit in groupPresence need to be related to the value of Q*Y. 
[bookmark: _Ref71466541][bookmark: _Ref68098726]Proposal 11: With the increase value of Q and the introduction of DBTW, the ssbPositionsInBurst in SIB1 should be clarified. 
SSB multiplexing pattern
Different (SSB, Coreset 0) SCS pair may involve different SSB-Coreset 0 multiplexing pattern as described in clause 13 of [3]. In FR2, the following multiplexing patterns are supported for each SCS pair as listed below:
· (120K, 60K): Pattern 1, Pattern 2
· (120K, 120K): Pattern 1, Pattern 3
· (240K, 60K): Pattern 1
· (240K, 120K): Pattern 1, Pattern 2
[bookmark: _Ref61278280][bookmark: _Ref53685046][bookmark: _Ref47542099]Similarly, the following proposal on multiplexing pattern is made based on 错误!未找到引用源。 for B52.6GHz:
[bookmark: _Ref61284700]Proposal 12：The following SSB-Coreset 0 multiplexing patterns are supported for each SCS pair:
· (120K, 120K): Pattern 1, Pattern 3
· (480K, 480K): Pattern 1, Pattern 3
· (960K, 960K): Pattern 1, Pattern 3
· (960K, 480K): Pattern 1, Pattern 2
Because the (120K, 120K) has been supported in the existing protocol, we mainly discuss the (480K, 480K), (960K, 960K) and (960K, 480K) here. In general, the design of SSB-Coreset 0 multiplexing pattern needs to consider the SSB time domain pattern as discussed in section 2.2.2. Thus, two aspects can be divided:
a) New SSB pattern which introduce gaps between contiguous candidate SSBs;
b) Two continuous SSBs are assumed to be QCLed.
For case a), the design of (960K, 960K) pattern 3 can be figured below:
[image: ]
Figure 10: Gaps between SSBs, (960K, 960K) pattern 3
The design of (960K, 480K) pattern 2 can be shown in Figure 11:
[image: ]
[bookmark: _Ref68080391]Figure 11：Gaps between SSBs, (960K, 480K) pattern 2
In the figures, the same color represents the SSB and corresponding Type0 PDCCH. 
For case b), the design of (960K, 960K) pattern 3 can be figured below:
[image: ]
Figure 12: QCLed SSBs, (960K, 960K) pattern 3
In this figure, the same color SSBs means they are QCLed. 
The design of (960K, 480K) pattern 2 can be shown in Figure 13:
[image: ]
[bookmark: _Ref68612748]Figure 13:  QCLed SSBs, (960K, 960K) pattern 2
Type0 PDCCH design
For the unlicensed band operation from 52.6GHz to 71GHz, more bits need to be introduced by considering the following aspects:
· The candidate SSB index may be extended, thus at least one bit should be introduced to indicate the SSB index;
· With the introduce of more SSB SCSs, the 1-bit subCarrierSpacingCommon indicator is insufficient; 
· With the extend of the Q (QCL relationship), more bits are required. 
Therefore, it is necessary to find some bits in PBCH to use.  We believe the sufficient method is to utilize the bits in search space configuration. In FR1, the search space configuration is different for licensed band and un-licensed, which can be find below: 
[bookmark: _Ref68088161]Table 3: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz [3]
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



[bookmark: _Ref68088163]Table 4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands operated with shared spectrum channel access [3]
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 

	0
	1 
	96
	1
	10

	1
	1 
	96
	1
	12

	2
	1
	96
	1
	14

	3
	1
	96
	1
	16

	4
	1
	96
	2
	10

	5
	1
	96
	2
	12

	6
	1
	96
	2
	14

	7
	1
	96
	2
	16

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



As we can see from Table 3 and Table 4, all the 4 bits in licensed are used, and three bits are used in un-licensed band. The reason why 1bit can be saved in un-licensed band is that the design of CORESET only support 96 RBs on the frequency domain. For the CORESET design of un-licensed band operation from 52.6GHz to 71GHz, we can leverage the design criterion that were considered in NR-U, which is occupy as much bandwidth as possible in the frequency domain.  One example is shown in Table 5.
[bookmark: _Ref68089084]Table 5: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz for frequency bands operated with shared spectrum channel access

	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 

	0
	1 
	96
	1
	14

	1
	1 
	96
	2
	14

	2
	3 
	96
	2
	-20 if [image: ] 
-21 if [image: ]

	3
	3 
	96
	2
	48

	4
	Reserved

	5
	Reserved

	…
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



[bookmark: _Ref68098880]Proposal 13: To save more bits, the CORESET design of un-licensed band operation from 52.6GHz to 71GHz can re-use the design criterion in NR-U, which occupies as much bandwidth as possible in the frequency domain.

3. PRACH and initial UL BWP
In initial access process, in addition to the SSB channel, the PRACH channel is essential which will be discussed in this section. 
3.1 PRACH and initial UL BWP numerology selection
In RAN1#104-e meeting, the numerology of PRACH was discussed and the following options were agreed [3]:
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 FR1&FR2, there are different PRACH formats defined in TS 38.211 as shown in Table 6 below. Special SCS is defined for format 0-3 mainly targeting for very large coverage scenario (e.g. >1000m) and FR1. However, in 52.6-71GHz, the target use case is small cell and there is no need to support such scenario. Thus, PRACH format 0-3 need not to be supported in 52.6-71GHz.
[bookmark: _Ref68095657][bookmark: _Ref71636504]Table 6	   PRACH formats for NR FR1&FR2
	Format
	

	


	0
	839
	1.25 kHz

	1
	839
	1.25 kHz

	2
	839
	1.25 kHz

	3
	839
	5 kHz

	A1
	139
	


	A2
	139
	


	A3
	139
	


	B1
	139
	


	B2
	139
	


	B3
	139
	


	B4
	139
	


	C0
	139
	


	C2
	139
	




In  FR2，the applicable numerologies for PRACH format (A, B, C) are 60KHz and 120KHz, which is the same as that for BWP although they are separately configured. Namely, the supported SCS pairs for PRACH format (A, B, C) and initial UL BWP in FR2 are (60K, 60K), (60K, 120K), (120K, 60K) and (120K, 120K). It is clearly to observe that all supported SCS for data/control SCS could be used for initial UL BWP. Besides, to save UE implementation complexity, there are only two applicable SCSs for PRACH format (A, B, C).
[bookmark: _Ref71466436]Observation 3: All supported SCS for data/control SCS could be used for initial UL BWP in NR FR2 operation.
[bookmark: _Ref71466441]Observation 4: There are only two applicable SCSs for PRACH format (A, B, C) in NR FR2 operation.
From the agreed WID [5],, the following agreement have been made: (120, 480, 960) KHz SCS will be supported for data/control channel of a DL/UL BWP. Based on this, we will discuss the numerology selection for PRACH and initial UL BWP. The first alternative is to reuse the existing FR2 SCS pair for PRACH and initial UL BWP:
· Alt. 1: (120K, 120K)
For Alt. 1, only single numerology is supported for initial UL BWP. However, considering that 960KHz SCS could have large bandwidth and good support of high modulation, it is preferred to use 960KHz BWP as operation BWP for peak data rate use case. As discussed in Section 2.1, if following Alt.1, the BWP switching between initial BWP and the preferred operation BWP may introduce more delay and bring more complexity to both UE and gNB. Therefore, to solve the above problem, supporting all SCS for data/control as SCS for initial UL BWP is needed as that in FR2, the following proposal is made:
[bookmark: _Ref68614185]Proposal 14: Support 120KHz, 480KHz and 960KHz as candidate SCS of initial UL BWP.
It has been agreed that 120KHz SCS is supported and additional SCS (480KHz, 960KHz) can be candidate for PRACH in 52.6-71GHz. Since the UE capability is limited, no more than two candidate numerologies should be supported for PRACH. Then, the following alternative SCS pairs for PRACH format (A, B, C) and initial UL BWP should be considered:
· Alt. 2: (120K, 120K) + (120K, 480K) + (120K, 960K)
· Alt. 3: (120K, 120K) + (480K, 480K) + (480K, 960K)
· Alt. 4: (120K, 120K) + (960K, 960K) + (960K, 480K)
It clearly observes that the issue of BWP switching can be solved by above three alternatives. For Alt. 2, we can find that only 120KHz SCS is supported for PRACH, where it brings a restriction to UL/DL configuration, because the RO in time domain should be configured in UL and does not support for other data/control transmission. Besides, the operation for the mixed numerology of PRACH and initial UL BWP (e.g., (120K, 480K) and (120K, 960K)) will increase the complexity of implementation. 
Despite of the support of 120KHz SCS, the difference between Alt.3 and Alt.4 is the introduction of a new SCS: 480KHz SCS is supported for Alt.3, while 960KHz SCS is supported for Alt.4. Compared to Alt.2, Alt.3 and Alt.4 can support single numerology operation on 480KHz and 960KHz initial BWP respectively. Since 960KHz SCS is preferred to be supported for high peak date rate use cases, a better choice is to support 960KHz SCS for initial UL BWP and PRACH.
[bookmark: _Ref68614186][bookmark: _Ref71466590]Proposal 15: Support 960KHz SCS in addition to 120KHz SCS for PRACH format (A, B, C).
3.2 RO Configuration
In RAN1#104b-e meeting, the RACH Occasion Resources was discussed and the following options were agreed [3]:
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

Random access preambles can only be transmitted in the time domain resources obtained from Tables 6.3.3.2-2 to 6.3.3.2-4 [6]. They are configured by the higher-layer parameter prach-ConfigurationIndex-v1610, or prach-ConfigurationIndex, or msgA-PRACH-ConfigurationIndex, which depends on different frequency band (FR1 or FR2) and the spectrum type as defined in TS38.104 [6]. In FR2, the SCS 60kHz and 120kHz for PRACH are supported, meanwhile, the 60KHz SCS is used to be the reference SCS. As shown in Figure 14 and Figure 15 , only one PRACH slot can be configured in each reference slot when PRACH SCS is 60kHz, and one or two PRACH slots can be configured in each reference slot when PRACH SCS is 120kHz. With the introduction of larger SCS in 52.6-71GHz, such as 960kHz SCS, there will be more than two PRACH slots within a reference slot. However, the existing configuration mechanism in specification can only support up to two PRACH slots configuration within a reference slot. In order to make full use of the time domain resource for PRACH transmission, we further discuss how to configure the RO for new SCS.


[bookmark: _Ref68613207][bookmark: _Ref68096226]Figure 14  RO configuration of PRACH SCS=60 kHz based on Reference SCS=60 kHz


      
[bookmark: _Ref68613080]Figure 15  RO configuration of PRACH SCS=120 kHz based on Reference SCS=60 kHz
It has been agreed the minimum PRACH configuration period is 10ms, same as in FR2. Delay-sensitive UE does not expect to wait for a long time to access, thus it is necessary to support the sparse reference slot pattern within 10ms. A direct approach is to reuse the exiting FR2 RACH configuration table and the location of duration containing PRACH slot pattern within 10ms is same as FR2.
There are two key configuration parameters to determine the RACH slot index: one is the slot number (reference slot index) and the other is the location of PRACH slots within a reference slot. By defining different reference slot, different configuration parameters can be obtained to determine the RACH slot index. We can use the same reference slot as FR2 or define a new reference slot (e.g, reference SCS is 120kHz). Another potential solution is to define different reference slot for different PRACH SCS, e.g., the SCS of the reference slot is half of the PRACH SCS. In such a case, the number of PRACH slots within a reference slot and the rule of slot numbering are the same as FR2, but could include more reference slots, as shown in Figure 16. 


[bookmark: _Ref68613088]Figure 16  RO configuration of PRACH SCS=960 kHz based on Reference SCS=480 kHz
In addition to the reference slot, the location of PRACH slots within a reference slot should be adapted to the PRACH SCS. The density of PRACH occasions for 480/960kHz PRACH SCS is 4 or 8 times more than that for 120kHz SCS. Considering the gNB’s processing load, the number of PRACH slots per reference slot should be carefully selected. One option is to maintain the same number of PRACH slots per reference slot compared to 120kHz SCS (i.e, the number of PRACH slots per reference slot is 1 or 2), which lead the opportunity to access the channel is the same as FR2. 


Figure 17  Two 960kHz PRACH slots per reference slot
However, since the duration of RO for 480/960kHz PRACH SCS is much shorter than that for 120kHz, the repetition of PRACH transmission is needed to improve the coverage performance. In this case, another option is to increase the number of PRACH slots to more than 2 per reference slot to increase the opportunity to access the channel (e.g, the number of PRACH slots per reference slot is 2 or 4). In addition, the dense distribution of RO could reduce the time to wait for the next available PRACH occasion to reduce access time and improve access efficiency.


[bookmark: _Ref68613227][bookmark: _GoBack]Figure 18  Four 960kHz PRACH slots per reference slot
As discussed above, there are many combinations of RO configuration for PRACH with 480/960kHz SCS:
[bookmark: _Ref71466595][bookmark: _Ref68614192]Proposal 16: For RO configuration for PRACH with 480/960kHz SCS: 
· Reuse the exiting FR2 RACH configuration table and the location of duration containing PRACH slot pattern within 10ms is same as FR2.
· How to determine the RACH slot index:
Alt.1: Reuse the same reference slot as FR2 and maintain the same number of PRACH slots per reference slot.
Alt.2: Reuse the same reference slot as FR2 and increase the number of PRACH slots to more than 2 per reference slot.
Alt.3: Define a new reference slot and maintain the same number of PRACH slots per reference slot.
Alt.4: Define a new reference slot and increase the number of PRACH slots to more than 2 per reference slot.
Alt.5: Define different reference slot for different PRACH SCS and the number of PRACH slots within a reference slot is the same as FR2.
3.3 RA-RNTI calculation
Random Access RNTI（RA-RNTI）is used during Random access response procedure. In response to a PRACH transmission, UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI [3]. RA-RNTI can characterize the time-frequency resource associated with the PRACH where Random Access Preamble is transmitted. RA-RNTI is of 16-bit in length and its value can be computed follow [7]:
RA-RNTI=1+s_id+14×t_id+14×80×f_id +14×80×8×ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion(0 ≤ s_id < 14)； t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where it is determined by the value of μ(related to SCS) , specified in clause 5.3.2 in TS 38.211; f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8); ul_carrier_id is the Uplink carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
In the formula, the fixed value ‘80’ is based on the maximum 120kHz SCS for FR1&FR2. When a larger PRACH SCS is introduced in 52.6-71GHz, if this formula is adopted, the same RA-RNTI may be obtained in different time-frequency resource. In such a case, the UE may be confused with the RA-RNTI which it needs to detect. Therefore, the UE requires a contention resolution mechanism to resolve this conflict, which may reduce the access efficiency. Another issue which should be considered is that, since the RA-RNTI has a specific range of value, some data overflow may be occurred if modifying the fixed value ‘80’. Therefore, the issue of RA-RNTI calculation needs to be investigated. In this paper, we will provide some solutions to this issue for consideration.
· Alt.1:
It is naturally straightforward to extend the range of slot indexes t_id to the maximum number of slots based on the maximum PRACH SCS supported in 52.6-70GHz.
RA-RNTI = (1+s_id+14×t_id+14×X×f_id +14×X×8×ul_carrier_id) mod A
where X is the maximum number of slots in a RAR window based on the maximum supported PRACH SCS. The number of in a RAR window is 320 for 480KHz SCS and 640 for 960KHz SCS. Since the RA-RNTI may be overflow when X is more than 320, modular operation needs to be applied, where A can be the specific range of RA-RNTI or RNTI. However, in this case, some ROs with RA-RNTI may be same or conflict with the pre-allocate RNTI. Some contention resolution mechanism is required to resolve the conflict.
· Alt.2:
Another way to minimize the changes to specification is reuse the current RA-RNTI formula while introducing additional indicator field to indicate the time-frequency resource together with RA-RNTI. In NR Rel-16, 2-bit for the DCI format 1_0 was used to indicate the LSBs of SFN corresponding to the RO used to transmit the preamble if the RAR window is larger than 10ms. Thus, we can also reuse the current RA-RNTI formula while introducing additional indicator field in DCL format 1_0.
For example, if 960KHz PRACH SCS is supported in 52.6-71GHz, there are 640 slots in a 10ms RAR window. The current range of slot indexes t_id is below 80. Therefore, we can divide the 640 slots into 8 segments and each segment contains 80 slots. 3-bit for the DCI format 1_0 is needed to indicate which segment the RO is on. In this case, we can set different bits for indicator according to the supported PRACH SCS.
· Alt.3:
In fact, the calculation of RA-RNTI depends on the RO configuration pattern. For some pattern, there is no need to modify the RA-RNTI formula but express the slot indexes t_id based on a new specific subcarrier spacing. For example, following the Rel15/16 design, if two 480/960 kHz are defined within a 60kHz reference slot, we can reuse the RA-RNTI formula and the slot indexes t_id is numbered in SCS 120kHz.
[bookmark: _Ref68096701]Proposal 17: For larger PRACH SCS (480KHz/960KHz), the following options can be considered for RA-RNTI calculation:
· Alt.1: Modify the RA-RNTI formula as following and introduce some contention resolution mechanism to resolve the conflict.
RA-RNTI = (1+s_id+14×t_id+14×X×f_id +14×X×8×ul_carrier_id) mod A
· Alt.2: Reuse the current RA-RNTI formula while introducing additional indicator field to indicate the time-frequency resource together with RA-RNTI.
· Alt.3: Depending on the RO configuration pattern, reuse the RA-RNTI formula and express the slot indexes t_id based on a new specific subcarrier spacing.

Since RO configuration determines the calculation of RA-RNTI, we can calculate the RA-RNTI according to the maximum number of PRACH slots within the minimum PRACH configuration period. In summary, Table 7  shows the RA-RNTI calculation corresponding to different RO configuration patterns.
[bookmark: _Ref71450505]Table 7  List of the RA-RNTI calculation corresponding to different RO configuration patterns
	RO configuration pattern
	RA-RNTI calculation

	Alt.1
	/
	Alt.3

	Alt.2
	the maximum number of PRACH slots per reference slot ≤6
	Alt.3

	
	the maximum number of PRACH slots per reference slot >6
	Alt.1 or Alt.2

	Alt.3
	the maximum number of reference slots≤120
	Alt.3

	
	the maximum number of reference slots >120
	Alt.1 or Alt.2

	Alt.4
	the maximum number of PRACH slots within 10ms ≤240
	Alt.3

	
	the maximum number of PRACH slots within 10ms >240
	Alt.1 or Alt.2

	Alt.5
	the maximum number of reference slots≤120
	Alt.3

	
	the maximum number of reference slots >120
	Alt.1 or Alt.2




4. Conclusion
In this contribution, we focus on the required changes to NR using existing NR waveform, and have the following observations and proposals:
Observation 1：For frequency domain offset estimation during SSB detection, using SSB with low SCS such as 120K/240KHz may increase hardware complexity or cell search latency.
Observation 2: For number of buffering samples during SSB detection, using SSB with high SCS such as 960KHz will need larger buffer cost compared to that in FR2 if adopting the same SSB period (20ms).
Observation 3: All supported SCS for data/control SCS could be used for initial UL BWP in NR FR2 operation.
Observation 4: There are only two applicable SCSs for PRACH format (A, B, C) in NR FR2 operation.
Proposal 1: ANR should be supported for 480/960KHz SSB by indicating Type-0 PDCCH in the SSB.
Proposal 2: Support 480/960 kHz SCS for both initial BWP and SSB.
Proposal 3: Support ALT1 and ALT4 as the solution for SSB and initial/non-initial BWP design, and prefer ALT4.
Proposal 4: For initial cell search in 52.6-71GHz, a UE may assume that half frames with SSB occur with smaller period than FR2 (e.g. 5ms), or lower RAN4 requirement for the cell search time.
Proposal 5: Support of additional n values to support of DBTW, and the value of n can be 4, 9, 14, 19.
Proposal 6: Support to reuse case D as the baseline for designing the SCS 480 kHz and 960 kHz time domain pattern.
Proposal 7: The following alternatives could be considered to solve beam switching problem for contiguous candidate SSBs:
· Alt. 1: New SSB pattern introducing gaps between contiguous candidate SSBs;
· Alt. 2: The same QCL assumptions for contiguous candidate SSBs;
Proposal 8: Support DBTW in un-licensed band from 52.6 GHz to 71 GHz, no matter which SSB SCS.
Proposal 9: The following methods could be considered to determine whether there is DBTW:
· Alt. 1: Frequency band (licensed or un-licensed);
· Alt. 2: The indicator in PBCH;
· Alt. 3: The design of SSB sequence (PSS, SSS and DMRS).
Proposal 10: The following methods could be considered to indicate the value of Q:
· Alt. 1: Specify the value of Q for each SCS;
· Alt. 2: Utilize the bits in PBCH;
Proposal 11: With the increase value of Q and the introduction of DBTW, the ssbPositionsInBurst in SIB1 should be clarified.
Proposal 12：The following SSB-Coreset 0 multiplexing patterns are supported for each SCS pair:
· (120K, 120K): Pattern 1, Pattern 3
· (480K, 480K): Pattern 1, Pattern 3
· (960K, 960K): Pattern 1, Pattern 3
· (960K, 480K): Pattern 1, Pattern 2
Proposal 13: To save more bits, the CORESET design of un-licensed band operation from 52.6GHz to 71GHz can re-use the design criterion in NR-U, which occupies as much bandwidth as possible in the frequency domain.
Proposal 14: Support 120KHz, 480KHz and 960KHz as candidate SCS of initial UL BWP.
Proposal 15: Support 960KHz SCS in addition to 120KHz SCS for PRACH format (A, B, C).
Proposal 16: For RO configuration for PRACH with 480/960kHz SCS:
· Reuse the exiting FR2 RACH configuration table and the location of duration containing PRACH slot pattern within 10ms is same as FR2.
· How to determine the RACH slot index:
Alt.1: Reuse the same reference slot as FR2 and maintain the same number of PRACH slots per reference slot.
Alt.2: Reuse the same reference slot as FR2 and increase the number of PRACH slots to more than 2 per reference slot.
Alt.3: Define a new reference slot and maintain the same number of PRACH slots per reference slot.
Alt.4: Define a new reference slot and increase the number of PRACH slots to more than 2 per reference slot.
Alt.5: Define different reference slot for different PRACH SCS and the number of PRACH slots within a reference slot is the same as FR2.
Proposal 17: For larger PRACH SCS (480KHz/960KHz), the following options can be considered for RA-RNTI calculation:
· Alt.1: Modify the RA-RNTI formula as following and introduce some contention resolution mechanism to resolve the conflict.
RA-RNTI = (1+s_id+14×t_id+14×X×f_id +14×X×8×ul_carrier_id) mod A
· Alt.2: Reuse the current RA-RNTI formula while introducing additional indicator field to indicate the time-frequency resource together with RA-RNTI.
· Alt.3: Depending on the RO configuration pattern, reuse the RA-RNTI formula and express the slot indexes t_id based on a new specific subcarrier spacing.
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