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1	Introduction

[bookmark: _Hlk60936013][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: _Hlk60922797]In RAN#93-e [1] revised WI has been approved with the following objectives related to initial access for NR operation from 52.6 to 71 GHz:

· Physical layer aspects including [RAN1]:
· [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.

[bookmark: _Hlk61098676]Following agreements related to initial access were made in RAN1#106bis-e:

 
Working assumption:
Support DBTW for 120 kHz.
· FFS: Support for 480 kHz and 960 kHz

Conclusion:
Do not support gap between consecutive ROs for 480kHz and 960kHz

Agreement:
Same DCI size for DCI 1_0 in CSS regardless of channel access mode (i.e., LBT on/off). 
· Existing DCI size alignment in TS38.212 applies to DCI 1_0 and 0_0 in CSS.
 
Agreement:
· Indication of licensed and unlicensed operation is not explicitly indicated in MIB or PBCH payload.
· FFS: Whether or not to indicate licensed regime by different synchronization raster entries.
· Indication of use of LBT or no-LBT is not explicitly indicated in MIB or PBCH payload.
 
Agreement:
No other values of n other than agreed previously is supported for 120kHz SCS, where parameter ‘n’ is the set of values to determine the first symbols of the candidate SSB blocks for 120kHz SCS in agreement from RAN1 #104-bis-e.
 
Working assumption:
· For {SSB, CORESET#0/Type0-PDCCH} = {120, 120} kHz, support multiplexing pattern 1 with 96 PRB CORESET#0, and {1, 2} symbol durations
· Note: the working assumption can be confirmed once RAN1 agrees on the number of needed SSB-CORESET0 offsets for 24 and 48 RB CORESET0 based on RAN4 channelization design
 
Agreement:
Additionally, support PRACH length L=571 for 480kHz
 
Agreement:
Support 120 kHz and 480 kHz subcarrier spacing for initial UL BWP for PCell.
 
Working assumption:
For SCS that DBTW is supported, the following fields are used to indicate parameters related to operation of DBTW
· If only 1 bit is needed: subCarrierSpacingCommon
· If 2 bits is needed: subCarrierSpacingCommon, and 1 bit from pdcch-ConfigSIB1 (pending CORESET0 or search space design would allows for this bit), else, use the spare-bit (not the Msg Extension bit)
· The design of CORESET0 and search space shall be done without any consideration to this proposal 
· If 2 bits are needed for both 120kHz and 480/960kHz cases, then use the same bit field combination (i.e. use pdcch-ConfigSIB1 bit for 120/480/960 kHz or spare-bit for 120/480.960 kHz)
· Note: If pdcch-ConfigSIB1 bit is used, the use of controlResourceSetZero (searchSpaceZero) for 120 kHz and   searchSpaceZero (controlResourceSetZero) for 480/960 kHz is not precluded
· FFS: if 3 bits are required
· Note: the working assumption can be confirmed after RAN1 agrees on the number of needed SSB-CORESET0 offsets based on RAN4 channelization design
 
Agreement:
For 120kHz SCS, for  values:
· If 2 bits are available in MIB for , at least support {16, 32, 64}
· If 1 bit is available in MIB for , support {32, 64}
· FFS: methods to indicate more  values without increasing used number of bits, e.g., {16, 32, 64}
· Note: value  < 64 indicates DBTW enabled/supported and operation with shared spectrum.
· Note: For operation without shared spectrum channel access, a UE expects to be configured with  = 64. Use of =64 in shared spectrum is not precluded.
· FFS: 1 bit or 2 bits used for 
 
 
Agreement:
Supported value of n for 480/960kHz SSB slot pattern:
· ALT A) non-contiguous, N slot gap (slots that do not contain SSB) every M slots that contain SSB
· same pattern will apply to 480kHz and 960kHz (i.e same N and M for 480 and 960 kHz)
· N = 2, M = 8
· FFS: starting position of n
· ALT B) non-contiguous, N slot gap (slots that do not contain SSB) every M slots that contain SSB
· scaled version pattern will apply between 480 and 960 kHz (i.e. N and M for 480kHz, 2N and 2M for 960 kHz)
· N = 2, M = 8
· FFS: starting position of n
· ALT C) slots that do not contain SSB correspond to the slots that do not contain SSB in 120 kHz Case D.
· Note: ALT 4 means that only slots 32-39 for 480 kHz SSB pattern are reserved for UL and 960 kHz SSB pattern is contiguous.
 
Agreement:
For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz, use the following table for multiplexing pattern 1:
· FFS: The value of X (> 0)
· FFS: whether or not to use different X value depending on whether DBTW is ON/OFF
· FFS: whether or not to use same or different X value for 480 and 960 kHz
· FFS: whether Y = , or Y=, or whether to remove entries with Y

	Index
	
	Number of search space sets per slot
	
	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	2
	X
	1
	1
	0

	3
	X
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	6
	0
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	7
	X
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	8
	5
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	9
	5 + X
	1
	1
	0

	10
	5 + X
	2
	1/2
	{0, if  is even}, {7, if  is odd}

	11
	5 + X
	2
	1/2
	{0, if  is even}, {Y, if  is odd}

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved


 








2	Discussion

2.1 SSB (DRS) enhancements for LBT-based access

Transmission of SSB and CORESET 0 can be configured to be beam swept in different spatial direction in a DRS window. This can be achieved by gNB by performing directional LBT prior to the transmission of beam swept DRS at different time instant within the DRS window. For example, each directional LBT is performed prior to the beam swept SSB/PBCH/CORESET 0 transmission based on the bitmap signaled in ssb-PositionsInBurst and DRS is transmitted when LBT is successful. Base on this approach, QCL-ed SSB beams may also be transmitted within a MCOT initiated by a directional LBT prior to the transmission of SSB. The relationship between the sensing beam and the DRS transmission beam is same as that of the PUSCH transmission. 

Proposal 1: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, potential enhancements related to periodic transmission of DRS such as SSB/PBCH/CORESET#0 are needed including:
· performing directional LBT prior to the transmission of SSB according to the ssb-PositionsInBurst
· directional LBT on multiple beams at the same time at the beginning of the DRS window
· Cat 2 LBT (depending on the gap) before actual transmission
2.2 Indication of sensing beams in the unlicensed band

Beam correspondence during initial access is assumed between the SSB and PRACH/Msg3. In this case, for NR unlicensed band between 52.6 GHz and 71 GHz, both the gNB and UE can assume that sensing beam is the same as Rx beam that is used to receive SSB. However, indicating the sensing beams (corresponding to SSB IDs) using Msg1/Msg3/MsgA by the UE can be considered for fast indication of the sensing beams. Once the UE receives one or multiple SSB beams from gNB, then it transmits PRACH on at least one of the PRACH occasions associated with the received SSB beam and also UE can additionally indicate other sensing beams that may correspond to the Rx beams corresponding to the other SSB beams. This would allow gNB to determine the sensing beams during the initial access procedure itself. More details on relationship between transmission beam and sensing beam can be found in our contribution [3].
Proposal 2: For initial access in NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, indication of sensing beams can be considered during the initial access

2.3 Enhancement to cell coverage for UL during initial access

For beyond 52.6GHz band, the cell coverage especially during the initial access can be limited due to the severe attenuation at high frequencies and due to the use of low gain wide beams that depend on the SSB beams. UL initial access channels and signals such as PRACH and Msg3/MsgA for example in Rel-16 are expected to use the same Tx spatial filter as the Rx spatial filter used to receive the SSB beams at the UE. Generally, these beams are coarser than those used for control/data transmission in connected mode, and hence the coverage of these messages would be a bottleneck at high frequencies. Furthermore, for the new SCS values that have been agreed for initial access messages, the cell radius would be further reduced as SCS increases due to the short symbols and CP. Therefore, the SCS needs to be carefully selected for PRACH in order to satisfy the coverage requirements for different scenarios. One potential solution to enhance the detection performance of PRACH, is the use of repetition or multi beam transmission in multiple RACH occasions for each RACH attempt. Adapting the SCS for each RACH attempt along with power ramping could also be considered to reduce the number of RACH attempts. 

In Rel-16, PUSCH repetitions are already supported for enhancing UL coverage. However, it is used in connected mode and not applied for initial access message such as Msg3 or MsgA. To enhance the link budget and hence the cell coverage during the initial access for NR beyond 52.6GHz, repetition of Msg3/MsgA can also be considered. Furthermore, ways for early termination of Msg3/MsgA repetition in case of correct reception needs to be considered.

[bookmark: _Ref47542107][bookmark: _Hlk61098833]Proposal 3: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, with higher subcarrier spacings (numerologies), coverage enhancement of channels and signals used for initial access should be considered for NR beyond 52.6 GHz



3	Conclusion 

In this contribution, we discussed different aspects for initial access for NR operation between 52.6 GHz to 71 GHz and provided following observations/proposals: 

Proposal 1: For NR operation in unlicensed bands between 52.6 GHz and 71 GHz, potential enhancements related to periodic transmission of DRS such as SSB/PBCH/CORESET#0 are needed including:
· performing directional LBT prior to the transmission of SSB according to the ssb-PositionsInBurst
· directional LBT on multiple beams at the same time at the beginning of the DRS window
· Cat 2 LBT (depending on the gap) before actual transmission
Proposal 2: For initial access in NR unlicensed bands between 52.6 GHz and 71 GHz, with directional LBT based channel access mechanism, indication of sensing beams can be considered during the initial access

Proposal 3: For supporting NR from 52.6 GHz to 71 GHz in Rel. 17, with higher subcarrier spacings (numerologies), coverage enhancement of channels and signals used for initial access should be considered for NR beyond 52.6 GHz
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