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1. [bookmark: _Ref61886009]Introduction
The following objective is included in the revised work item [1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]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. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· 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 (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)
· Note: Dependency or lack thereof for a UE supporting 480kHz and/or 960kHz numerology for data and control to also support 480kHz SSB numerology for initial access is to be tackled as part of UE capability discussion.
· Support ANR and PCI confusion detection for 120, 480 and 960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 120, 480 and 960kHz SSB
· FFS: additional method(s) to enable support to obtain neighbour cell SIB1 contents related to CGI reporting
· Only 1 CORESET#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· Note: From UE perspective, ANR detection for 480/960kHz SCS based SSB is not supported if the UE does not support 480/960 SCS for SSB.
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.
· 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
· Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided
· [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 related aspects which include SSB design in time design, SSB transmission window and Type0 PDCCH design. Then the PRACH and initial UL BWP issues which include PRACH numerology selection, PRACH sequence design, RO configuration and RA-RNTI will be studied. 
2. [bookmark: _Ref498564494]SSB 
1. 
2. 
[bookmark: _Ref521492551][bookmark: PP12]SSB design in time domain
For SSB with SCS 120 kHz, 480 kHz and 960 kHz, the time domain pattern design was discussed in RAN1#106-e meeting, and the following agreements were made [2]:
Agreement:
· For 480kHz and 960kHz sub-carrier spacing, first symbols of the candidate SSB have index {2, X} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame.



· Alt 1: X = 8
· Alt 2: X = 9

Working assumption:
For 120kHz SSB, the number of candidates SSBs in a half frame is 64.

Agreement:
For 480kHz and 960kHz sub-carrier spacing, first symbols of the candidate SSB have index {2, 9} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame.

From the agreement, we can find that that the SSB pattern for 480kHz and 960kHz with first symbols of the candidate SSB have index {2, 9} + 14*n can effectively resolve the beam switching issue. Further studies are required to determine the value of  ‘n’, and the following aspects should be considered: 
· Aspect 1: DL-UL switching time to allow UL transmission within SSBs;
· Aspect 2: LBT case or no-LBT case.
For the first aspect on DL-UL switching, slot level gap should be left for DL-UL switching time. The gap could be achieved by setting non-consecutive ‘n’ value. As a starting point, the slot design for 120KHz SCS could be a starting point for 480K and 960K SCS SSB as shown in Figure 1.  
[image: ]
[bookmark: _Ref83647285]Figure 1 SSB slot level gap design
[bookmark: _Hlk83835946]For SSB SCS 120 kHz, certain symbol-level  (4 or 8) gaps are reserved for short UL transmission between consecutive SSB slots, and there are two-slot gap after every 8 SSB slots which are also reserved for normal UL transmission. This design criterion could also be used for SCS 480 kHz and 960 kHz. That is, two slots gaps after every two consecutive SSB slots, and leave some slots within SSB burst (32 SSBs) to facilitate UL transmission. Thus, the value of  ‘n’ for SCS 480 kHz and 960 kHz can be set as: 
n=0,1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,40,41,44,45,48,49,52,53,56,57,60,61,64,65,68,69 for Non-LBT scenario. 
[bookmark: _Ref83668814]In such a case, the SSB time domain pattern for SSB 480kHz and 960 kHz is shown in Figure 1. 
[bookmark: _Ref83837881]Proposal 1: Non-LBT scenario: the value of  ‘n’ for SCS 480 kHz and 960 kHz can be set as: 
n=0,1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,40,41,44,45,48,49,52,53,56,57,60,61,64,65,68,69.
[bookmark: _Hlk83836343]For the second aspect on channel access impact, a greater number of candidate SSBs, i.e. a greater number of candidate ‘n’ values, should be designed for LBT case to alleviate LBT failure than non-LBT case, which is similar with that in NRU Rel-16. That is:
LBT case: n=0,1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,40,41,44,45,48,49,52,53,56,57,60,61,64,65,68,69, 80,81,84,85,88,89,92,93,96,97,100,101, 104,105, 108, 109,120,121,124, 125, 128,129,132,133,136,137,140,141,144,145,148,149
[bookmark: _Ref83668820][bookmark: _Ref83837885]Proposal 2: LBT scenario: the value of  ‘n’ for SCS 480 kHz and 960 kHz can be set as: 
n=0,1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,40,41,44,45,48,49,52,53,56,57,60,61,64,65,68,69, 80,81,84,85,88,89,92,93,96,97,100,101, 104,105, 108, 109,120,121,124, 125, 128, 129,132,133,136,137,140,141,144,145,148,149
SSB transmission window
Some intense discussions were carried out in terms of DBTW in the last RAN1#106-e meeting, but no consensus  were reached. Here, our views on some of the key issuesare given below. 
Whether support DBTW for all SCS
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 3: Support DBTW in un-licensed band/LBT case from 52.6 GHz to 71 GHz for SSB with all supported SCSs.
DBTW indication
In case the DBTW is supported, how the UE knows whether there is DBTW in initial access process needs to be studied.  In the last meeting, many companies argued that the DBTW on/off indication in MIB show beneficial on Type 0 PDCCH monitoring. However, for our perspective, this beneficial is highly dependent on whether to have large number of candidate SSBs. If the number of candidate SSBs is 64, indication of Q=64 is enough to imply DBTW off and there is no any benefit on Type 0 PDCCH monitoring. If the number of candidate SSBs is 128, unknown of DBTW off just has two times Type 0 PDCCH MOs with indication of Q=64. In such a case, the beneficial of DBTW on/off indication in MIB is not significant. 
[bookmark: _Ref68098702][bookmark: _Ref83668829]Proposal 4: Do not support explicit indication of DBTW on/off in MIB.
DBTW length
If DBTW is supported, further work needs to be done about the DBTW length. For the DBTW length, the design in Rel NR-U has already cover a large time range which is from 0.5 ms to 5ms. Thus, it is natural to follow this design for SCS 120 kHz. Moreover, regarding the shorter time interval containing  SSBs with different SCSs, it is preferable to support different sets of DBTW length for SCS 480 kHz and 960 kHz. 
[bookmark: _Ref78900077][bookmark: _Ref83668845]Proposal 5: Support to use DBTW lengths {0.5, 1, 2, 3, 4, 5} msec for SCS 120 kHz, and FFS small values for SCS 480 kHz and 960 kHz. 
LBT on/off indication
In addition to the design of DBTW, the indication of LBT on/off should be also considered. If there is no indication of  LBT on/off in MIB, the size of DCI 1_0 will be the same for LBT case and non-LBT case when operation in shared spectrum access. If LBT on/off is indicated, the only benefit is to save 2 bit for non-LBT case when operation in shared spectrum access. However, considering the limited content in MIB and the increased DCI size is acceptable, it is preferred that LBT on/off is not indicated in MIB. 
[bookmark: _Ref78900081]Proposal 6: Do not support LBT on/off indication in MIB.
The value of Q 
Within the DBTW, the QCL relation between SSBs is indicated by Q value that follows the same way as NRU. The Q indication method in NRU is provided in Table 1. However, with increasing number of candidate SSBs for large SCSs, the number of bits for value Q may need to be increased as well. It is clearly observed that subCarrierSpacingCommon and LSB of ssb-SubcarrierOffset in PBCH is used to indicate Q, which could be also considered for indication of Q for NR operation in 52.6-71GHz. Besides, other field such as the field for CORESET#0 and Type#0 PDCCH indication.
[bookmark: _Ref68031837][bookmark: _Ref68031830]Table 1 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


[bookmark: _Ref68098715]Proposal 7: The following fields could be considered to indicate the value of Q in PBCH:
· subCarrierSpacingCommon
· LSB of ssb-SubcarrierOffset
· Coreset#0 and Type#0 PDCCH indication
In NR Rel-15 for FR2, the actually transmitted SSB is indicted by ssb-PositionsInBurst, which have two different indication type in SIB1 and servingcellconfigcommon respectively. In servingcellconfigcommon, there are 64 bits to indicate the presence of 64 SSBs. However, only 16 bits are available in SIB1, which contains two parts: groupPresence and inOneGroup with 8 bits for each. 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. When DBTW is enabled with indicated value of Q, how to interpret the meaning of ssbPositionsInBurst should be studied.
[bookmark: _Ref71466541][bookmark: _Ref68098726]Proposal 8: When DBTW is enabled with indicated value of Q, how to interpret the meaning of ssbPositionsInBurst should be studied.
Type0 PDCCH design
For NR operation from 52.6 GHz to 71 GHz, the design of Type 0 PDCCH for new (SSB, CORESET#0) pair should be considered including two parts: Coreset #0 and time domain configuration for Type 0 PDCCH. 
CORESET#0 design
First, Coreset#0 design for the band operation from 52.6 GHz to 71 GHz should be considered. Some remaining issues should be researched which include:
· The Multiplexing pattern for different SCSs 
· Whether support 96RB coreset
· The design of RB offset
The Multiplexing pattern for different SCSs 
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
According to current WID, the following (SSB, Coreset 0) SCS pair is supported in different cases:
· Initial access: (120K, 120K), (480K, 480K)
· Non-initial access: (120K, 120K), (480K, 480K) and (960K, 960K).
[bookmark: _GoBack]Regarding (120K, 120K) SCS pair, the existing multiplexing pattern for FR2-1 could be reused for FR2-2. For (480K, 480K) and (960K, 960K) SCS pair, whether support Multiplexing pattern 3 is the focus of the contention. Regarding the rationale of the Multiplexing 3 design is to reduce the frequent beam switching by sending the SSB and the corresponding QCLed Type 0 PDCCH simultaneously. However, since the new SSB time pattern for SCS 480 kHz and 960 kHz could also realize this simultaneous transmission, it is un-essential to support Multiplexing pattern 3.
[bookmark: _Ref83837991]Proposal 9：Support Multiplexing pattern 1 and 3 for SCS 120 kHz, and support Multiplexing pattern 3 for SCS 480 kHz and 960 kHz when operation in FR2-2.
Whether support 96RB coreset
The design for (120K, 120K) could be the baseline for (480K, 480K) and (960K, 960K) pair as provided in Table 2. 
Table 2: 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 [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
	4

	2
	1 
	48
	1
	14

	3
	1 
	48
	2
	14

	4
	3 
	24
	2
	-20 if [image: ] 
-21 if [image: ]

	5
	3 
	24
	2
	24

	6
	3 
	48
	2
	-20 if [image: ] 
-21 if [image: ]

	7
	3 
	48
	2
	48

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



That is, the 96 RB was not supported in the existing CORESET design. However, for the COREST design operation on FR 2-2, two aspects need to be considered: 1) occupy as much bandwidth as possible since the PSD limitation and OCB requirement; 2) the requirement of the minimum bandwidth. 
For SCS 120 kHz, 480 kHz and 960 kHz, the occupied bandwidth for different multiplexing patterns can be calculated as:
Table 3: the occupied bandwidth for different multiplexing pattern
	SCS
	Multiplexing pattern
	Occupied bandwidth

	
	
	CORESET 24 RB
	CORESET 48 RB
	CORESET 96 RB

	
SCS 120 kHz
	multiplexing pattern 1
	34.56M
	69.12M
	138.24M

	
SCS 480 kHz
	multiplexing pattern 1
	138.24M
	276.48M
	552.96M

	
SCS 960 kHz
	multiplexing pattern 1
	276.48M
	552.96M
	1105.92M


Considering the minimum bandwidth configured by RAN 4, which is 100M for SCS 120 kHz, 400M for SCS 480 and 960 kHz, we recommend to support 96 RB for SCS 120 kHz and 480 kHz and do not support 96 RB for SCS 960 kHz:
[bookmark: _Ref83823099]Proposal 10：Support 96 RB for SCS 120kHz and 480 kHz. Do not support 96 RB for SCS 960kHz.
The design of RB offset   
The design of RB offset for SCS 120kHz is shown in Table 2 and further illustration in Figure 3.
   [image: ]
[bookmark: _Ref78734903][bookmark: _Ref78900091]Figure 3: Illustration for SSB and Coreset#0 frequency domain position
[bookmark: _Ref79078579]For (480K, 480K) and (960K, 960K) pair, there seems no serious problem by reusing the above RB offset design. Noted that, this design criterion is based on the existing sync raster/ channel raster design in FR2-1 and has not decided by RAN 4 till now. If the sync raster/ channel raster design is different in FR 2-2, the RB offset design would be different.
Therefore, the following proposal is made:
[bookmark: _Ref83668875][bookmark: _Ref83823104][bookmark: _Ref83838033]Proposal 11: If the sync raster/ channel raster is designed  with FR 2-1, the existing RB offset design can be reused for SCS 480 kHz and 960 kHz. Otherwise, the RB offset should be re-designed .
Meanwhile, since some extra bits may be introduced to indicate other functions, it is better to use as few bits as possible in the CORESET configuration
In summary, we recommend the following CORESTE configuration for the SCS 120 kHz, 480 kHz and 960 kHz
[bookmark: _Ref68089084][bookmark: _Ref78900092]Table 4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {120, 120} and {480, 480} kHz 
	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
	4

	2
	1 
	48
	2
	14

	3
	1 
	96
	2
	38

	4
	Reserved

	…
	Reserved

	15
	Reserved


Table 5: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {960, 960} kHz 
	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
	4

	2
	1 
	48
	1
	14

	3
	1 
	48
	2
	14

	4
	Reserved

	…
	Reserved

	15
	Reserved


Search space design
Some proposals of the search space design have been provided in RAN1#106-e meeting  [2]:
Proposal:
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz,
· following set of parameters are supported for SS/PBCH block and CORESET multiplexing pattern 1 with the 3rd row below being FFS.
	Number of search space sets per slot
	[image: ]
	First symbol index

	1
	1
	0

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

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

	1
	2
	0


· Note: the number of entries corresponding the same {number of SS per slot, M, first symbol index} tuple (listed above) will depend on supported ‘O’ for each tuple.
· FFS: supported values of ‘O’

The search space configuration design for SCS 480 kHz and 960 kHz can reuse the design in Table 6. Only minor revised is needed for the value of ‘X’.
[bookmark: _Ref78738774]Table 6: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR2 [3]
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	1
	0

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

	2
	2.5 
	1
	1
	0

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

	4
	5
	1
	1
	0

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

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

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

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

	9
	7.5
	1
	1
	 0

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

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

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved



[bookmark: _Ref83668891]Proposal 12: For {SSB, PDCCH} SCS {120, 120} kHz, {480, 480} kHz and {960, 960} kHz, the tables for PDCCH monitoring occasions for type0-PDCCH CSS set configuration defined for FR2-1 in Rel-15 can be reused with little adjustment.
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
From the agreed WID [1], the following agreement have been made: 120KHz and 480KHz SSB SCS will be supported for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with some constraints. It implies that 120KHz and 480KHz SCS are supported as initial DL BWP SCS. In order to save the implementation complexity of transmission/reception for both gNB and UE, 120KHz and 480KHz SCS should also be supported as initial UL BWP SCS.
[bookmark: _Ref78900094]Proposal 13: Support 120KHz and 480KHz as candidate SCS of initial UL BWP.
In RAN1#104-e meeting, the numerology of PRACH was discussed and the following agreements were made [6]:
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.
And In RAN1#104bis-e meeting, 480KHz and 960KHz SSB SCS were supported for non-initial access use case [7].
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.
Bases on the above agreements, it can be concluded that 480kHz and 960 kHz PRACH SCS are supported at least for non-initial access cases. However, from the RACH’s perspective, there is no functional difference for UE to distinguish between “initial access” and “non-initial access”. In addition, support 480KHz and 960KHz SCS for PRACH transmission is recommended to benefit from single numerology operations in UL. Therefore, we propose to support 480KHz and 960KHz SCS in addition to 120KHz SCS for PRACH.
[bookmark: _Ref78900095]Proposal 14: Support 480KHz and 960KHz SCS in addition to 120KHz SCS for PRACH.
3.2 RO Configuration
In RAN1#106-e meeting, the RACH Occasion Resources was discussed and the following agreements were made [2]:
Agreement:
· For 480 and 960kHz PRACH:
· The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index,  , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.
Agreement:
For 480 and 960kHz PRACH:
· At least the same RO density in time domain (i.e. number of specified RO per reference slot according the PRACH configuration index) as for 120kHz PRACH in FR2 is supported
· FFS: Support gap between consecutive ROs in time domain and the details to derive the gap
Agreement:
For 480 and 960kHz PRACH,
· When a PRACH slot can contain all time domain PRACH occasions corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching,
· and when number of PRACH slots in a reference slot is 1,
·   for 480kHz and  for 960kHz PRACH
· and when the number of PRACH slots in a reference slot is 2,
·  for 480kHz and  for 960kHz PRACH 
· FFS:  values, when a PRACH slot cannot contain all time domain PRACH occasions, corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching.
· FFS: whether to allow for additional  values if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation)
Form the above agreement, the option1 has been selected for time domain RO configuration. Next, Considering the gap between consecutive ROs in time domain, our thought is that the gap between consecutive ROs is required for LBT and/or beam switching. 
For unlicensed band operation in 52.6-71GHz, short control signal exemption can be applied under the restriction of 10% over any 100ms intervals. In one case, PRACH can be considered as short control signal when the total duration of the PRACH transmission is constrained to less the 10% over any 100ms intervals. Then the RO the RO configuration for consecutive ROs in time domain can remain the same. In another case, if PRACH would not satisfy the constraint and thus LBT is needed. Regarding the gap for LBT, non-consecutive PRACH ROs should be supported in the time domain. 
Regarding the gaps between the consecutive ROs for beam switching, we still want to wait for RAN4’s LS reply and discuss whether to support the gap for beam switching.
[bookmark: _Ref83668907]Proposal 15: The gaps between the consecutive ROs should be supported for LBT and/or beam switching.
With respect to configuration of gaps between consecutive ROs in option1, some specification change would be required to compute the first OFDM symbol position of the PRACH ROs. The current symbol position equation is described is Section 5.3.2 form TS 38.211 and given below:

where  is the RO index within the PRACH slot and it ranges form 0 to ;  is the PRACH slot index within the reference slot; The values of the remaining parameters can be obtained from Table 6.3.3.2-4 of TS38.211. The modification equation can be expressed as follows:

where  is the number of OFDM symbols for the gap. The value of   is related to the PRACH SCS and the gap for LBT and/or beam switching. 
Since at least the same RO density in time domain as for 120kHz PRACH in FR2 is supported. If this modification equation is adopted, for some PRACH configuration indexes provided in Table 6.3.3.2-4 of TS38.211, it may be possible: . This means the ROs would span more than one PRACH slot as show in Figure 8. It will cause the complexity of transmitter at UE sides and receiver at gNB sides since the current data processing bundle is based on the units of slot. Therefore, the ROs for a given PRACH configuration spanned more than one PRACH slot should not be supported if gaps between the consecutive ROs be supported for LBT and/or beam switching.


[bookmark: _Ref83561931]Figure 4  non-consecutive ROs spanned more than one PRACH slot
[bookmark: _Ref83668912]Proposal 16: The ROs for a given PRACH configuration spanned more than one PRACH slot should not be supported.
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 [5]:
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 PRACH slots 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. In addition, if the maximum number of PRACH slots within a reference slot satisfy some conditions, we can modify the RA-RNTI formula and change the express of the slot indexes t_id without additional indicator overhead. For example, if four 480/960 kHz PRACH slots are defined within a 60kHz reference slot, we can modify the RA-RNTI as follows and the slot indexes t_id is numbered in SCS 240kHz.
RA-RNTI=1+s_id+14×t_id+14×160×f_id +14×160×8×ul_carrier_id
[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/modify 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 8  shows the RA-RNTI calculation corresponding to different RO configuration patterns.
[bookmark: _Ref71450505]Table 8  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




4. Conclusion
In this contribution, we focus on the required changes to NR using existing NR waveform, and have the following observations and proposals:
Proposal 1: Non-LBT scenario: the value of  ‘n’ for SCS 480 kHz and 960 kHz can be set as:
n=0,1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,40,41,44,45,48,49,52,53,56,57,60,61,64,65,68,69
Proposal 2: LBT scenario: the value of  ‘n’ for SCS 480 kHz and 960 kHz can be set as:
n=0,1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,40,41,44,45,48,49,52,53,56,57,60,61,64,65,68,69, 80,81,84,85,88,89,92,93,96,97,100,101, 104,105, 108, 109,120,121,124, 125, 128, 129,132,133,136,137,140,141,144,145,148,149
Proposal 3: Support DBTW in un-licensed band/LBT case from 52.6 GHz to 71 GHz for SSB with all supported SCSs.
Proposal 4: The indication of DBTW of/off could be implicitly indicated in MIB.
Proposal 5: Support to use DBTW lengths {0.5, 1, 2, 3, 4, 5} msec for SCS 120 kHz, and FFS small values for SCS 480 kHz and 960 kHz.
Proposal 6: LBT on/off is not indicated in MIB.
Proposal 7: The following fields could be considered to indicate the value of Q in PBCH:
· subCarrierSpacingCommon
· LSB of ssb-SubcarrierOffset
· Coreset#0 and Type#0 PDCCH indication
Proposal 8: When DBTW is enabled with indicated value of Q, how to interpret the meaning of ssbPositionsInBurst should be studied.
Proposal 9：Support Multiplexing pattern 1 and 3 for SCS 120 kHz, and support Multiplexing pattern 3 for SCS 480 kHz and 960 kHz when operation in FR2-2.
Proposal 10：Support 96 RB for SCS 120kHz and 480 kHz. Do not support 96 RB for SCS 960kHz
Proposal 11: If the sync raster/ channel raster design is as same with FR 2-1, the existing RB offset design can be reused for SCS 480 kHz and 960 kHz. Otherwise, the RB offset should be re-design.
Proposal 12: For {SSB, PDCCH} SCS {120, 120} kHz, {480, 480} kHz and {960, 960} kHz, the tables for PDCCH monitoring occasions for type0-PDCCH CSS set configuration defined for FR2-1 in Rel-15 can be reused with little adjustment.
Proposal 13: Support 120KHz and 480KHz as candidate SCS of initial UL BWP.
Proposal 14: Support 480KHz and 960KHz SCS in addition to 120KHz SCS for PRACH.
Proposal 15: The gaps between the consecutive ROs should be supported for LBT and/or beam switching.
Proposal 16: The ROs for a given PRACH configuration spanned more than one PRACH slot should not be supported.
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/modify the RA-RNTI formula and express the slot indexes t_id based on a new specific subcarrier spacing.
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