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In this contribution, we discuss aspects related to initial access for extending NR up to 71 GHz. The following are agreements made in last RAN1 meeting, #106-bis-e [1].
	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 [image: ] values:
· If 2 bits are available in MIB for [image: ], at least support {16, 32, 64}
· If 1 bit is available in MIB for [image: ], support {32, 64}
· FFS: methods to indicate more [image: ] values without increasing used number of bits, e.g., {16, 32, 64}
· Note: value [image: ] < 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 [image: ] = 64. Use of [image: ]=64 in shared spectrum is not precluded.
· FFS: 1 bit or 2 bits used for [image: ]
  
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 = [image: ], or Y=[image: ], or whether to remove entries with Y
	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
	X
	1
	1
	0

	3
	X
	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}, {Y, if [image: ] is odd}

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

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

	9
	5 + X
	1
	1
	0

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

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

	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved






The main issues discussed in the following sections are supported SSB transmission patterns (within a slot and within SSB periodicity), CORESET#0 and SS#0 configurations, PRACH related issues, and discovery reference signal (DRS) related operations. 
Discussion on Initial Access Aspects
SSB Slot Positions
Among the options, (Alt A, B, and C) agreed to be considered for 480 and 960 kHz SSB slot patterns, our preference is to support Alternative A, which is non-contiguous mapping of SSB slots with N = 2 slot gap (slots that do not contain SSB) every M = 8 slots that contain SSB and applying the same pattern to 480kHz and 960kHz (i.e same N and M for 480 and 960 kHz). 
While 120 kHz SSB patterns allow short control signaling to be sent in the same slot that contains SSB, for 480 kHz and 960 kHz, this will not be possible due to Tx-Rx switching time required and short time duration for the slots. Therefore, we strongly believe there is a need to support some gap slots to allow uplink transmission every few SSB carrying slots. Additionally, it would have been more beneficial to align the SSB pattern such that they are more compatible with PRACH RO patterns. However, given that particular SSB pattern is no longer considered, we believe keeping the slot pattern as simple as possible should be the design criteria for both 480 kHz and 960 kHz. As such, using the completely identical slot configuration, i.e. same N and M values for 480 and 960 kHz, is preferred.
If we consider supporting short control signal transmission (and even possibly urgent uplink transmissions) and simplifying the design with unified design for 480 and 960 kHz, alternative A is the clear choice among the options available. The proposed SSB slot pattern is shown in Figure 1, where 8 consecutive (potentially) SSB containing slots are followed by 2 slots that SSB cannot be transmitted on for 480 kHz and 960 kHz.


[bookmark: _Ref68623733]Figure 1: Proposed SSB slot pattern for SCS 480 kHz/960 kHz 

Proposal 1: 
· Consider SSB pattern in a slot with 8 SSB containing slots, each slot with 2 SSB position, followed by 2 non-SSB carrying slots for 480 kHz and 960kHz. Supported value of n for 480/960kHz SSB slot pattern is 
· n = {0,1,2,3,4,5,6,7, 10,11,12,13,14,15,16,17, 20,21,22, 23,24,25,26,27, 30,31,32,33,34,35,36,37}, {40, 41,42, 43,44,45,46,47, 50,51,52,53,54,55,56,57, 60,61,62, 63,64,65,66,67, 70,71,72,73,74, 75,76,77}.
· The second set of n values could be used to enable larger number of candidate SSBs, i.e., 

[bookmark: _Ref83979183]CORESET#0 and SS#0 Configuration
CORESET#0 configuration 
The support of 96 PRB CORESET#0 for 480 kHz and 960 kHz case have not been agreed yet. 96 PRB CORESET in 480 kHz and 960 kHz corresponds to 552.96 and MHz 1105.92 MHz. For the larger subcarrier spacing, 480 kHz and 960 kHz, we expect these subcarrier spacing to be mainly targeting the largest bandwidths, 1.6 GHz and 2 GHz, respectively. For these cases, 96 PRB CORESET does not even correspond to 50% of the spectrum available. Therefore, only supporting 24 PRB and 48 PRB which will only occupy small fraction of the expected bandwidth seems wasteful Therefore, we think there is value in providing 96 PRB CORESET options for 480 and 960 kHz cases as well.
Proposal 2: 
· Support 96 PRB CORESET for {SS/PBCH, PDCCH} equal to {480,480} and {960,960} kHz with = {1, 2}.
With the assumption that 96 PRB CORESET will be supported by the CORESET#0 configuration in MIB. We further analyzed how many states of CORESET#0 configuration will be needed. The number of states for CORESET#0 configuration is dependent on RB offset required to be supported for a given channel and synchronization raster design for FR2-2.
The RB offset is the gap between the smallest RB index of the CORESET to the smallest RB index of the occupied channel bandwidth. The exact values of the channel and synchronization raster are yet to be determined in RAN4. However, we can still perform estimates based on contending proposals for raster design in RAN4. Based on internal analysis for 95% spectrum utilization (SU), we believe {0} RB offset for all multiplexing pattern 1 entries for {120, 120} kHz, {480, 480} kHz, and {960, 960} kHz is sufficient. For 89% or 86.4% spectrum utilization, we believe {0} RB offset is sufficient for all multiplexing pattern 1 entries for {120, 120} kHz, {480, 480} kHz, and {960, 960} kHz, with the exception to few 48 PRB entries of {480, 480} kHz case and 24 PRB entries of {960, 960} kHz case.  Depending on how GSCN entries are down-selected and re-used across different channel bandwidth cases, the SSB placement within a 400 MHz channel bandwidth with 480 kHz could require higher RB offset {3} in order to place a 48 PRB CORESET within the occupied channel bandwidth of the 400 MHz channel. Similarly, the SSB placement within a 400 MHz channel bandwidth with 960 kHz could require higher RB offset {3} in order to place a 24 PRB CORESET within the occupied channel bandwidth of the 400 MHz channel.  It should be noted that support of RB offset value of 3 is strictly not required, as it can be circumvented by additional GSCN raster entries. We believe {-20/-21} RB offset for 24, 48 PRB multiplexing pattern 3 entries of {120, 120} kHz, {480, 480} kHz, and {960, 960} kHz is sufficient. Depending on how GSCN entries are selected, additional raster entriesmay be required to support 96 PRB entries for 480 kHz and 960 kHz (86.4% SU only). Further information is available in the Appendix.
The following modification to Table 13-8 in TS 38.213 is proposed based on our raster estimates. 
Table 13-8: 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
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1
	48
	1
	0

	2
	1
	48
	 2
	0

	3
	1 
	96
	1
	0

	4
	1
	96
	2
	0

	5
	3 
	24
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	6
	3 
	48
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	7
	3 
	96
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Support the addition of the Table below in Section 13, TS 38.213 for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {480, 480} kHz or {960, 960} kHz. 
Table 13-x: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {480, 480} kHz or {960, 960} kHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1
	48
	1
	0

	2
	1
	48
	2
	0

	3
	1
	96
	1
	0

	4
	1
	96
	2
	0

	5
	3 
	24
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	6
	3 
	48
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	7
	3 
	96
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Note: RB offset [3] may be needed for 24 and 48 PRB for spectrum utilization = 89% or 86.4% to minimize the GSCN entries. The need for a higher RB offset can be eliminated by additional GSCN entries. To minimize the RB offset for 480 kHz and 960 kHz, we propose sending an LS to RAN4 to consider raster designs where use of only RB offset [0] is sufficient.
Proposal 3: 
· Support the following CORESET#0 RB offset values for {120, 120} kHzkHz for multiplexing patterns 1 and 3:
· For CORESET#0 with 24 RBs: [0] for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· For CORESET#0 with 48 RBs: [0], for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· For CORESET#0 with 96 RBs: [0] for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· Modify Table 13.8 in TS 38.213 to support the proposed RB offset when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz
Proposal 4: 
· Support the following CORESET#0 RB offset values for {480, 480}, {960, 960} kHz for multiplexing patterns 1 and 3:
· For CORESET#0 with 24 RBs: [0] for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· For CORESET#0 with 48 RBs: [0], for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· For CORESET#0 with 96 RBs: [0] for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· Support addition of a new table in 38.213 for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {480, 480} kHz or {960, 960} kHz. 
· Send an LS to RAN4 to consider raster design where RB offset [0] is sufficient for lower spectrum utilization.

SearchSpaceZero Configuration  
For 120 kHz, 64 SSB are contained in 4.75ms and O value of 2.5 can potentially cause overlapped placement of PDCCH so we propose removing the O values 2.5 and 7.5. However, we also acknowledge that when less than 64 SSB are utilized, it might be possible to multiplex PDCCH starting at 2.5msec and 7.5msec. For this reason, while our preference to remove the entries, we would be ok with keeping the entries as they are.
Proposal 5:
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} SCS = {120, 120} kHz,
· use Table 13-12 in TS38.213 for multiplexing pattern 1.
· Note: Preference to exclude the rows corresponding to O=2.5 and O=7.5, but would be ok to leave them as is.
· use Table 13-15 in TS38.213 for multiplexing pattern 3.

As seen in Figure 1, for 480 kHz, 52 SSB are contained in a 1ms subframe, and 128 SSB can be contained within 2.5 msec. Since SSBs can be placed anywhere within the 2.5 msec for 480kHz, in order to provide non-overlapping placement of the Type0-PDCCH CSS, the O value will need to be 2.5. In case SSBs are placed in the second half radio frame, O value can be set to 7.5. Similarly, for 960 kHz, 104 SSB are contained in a 1 msec subframe, and 128 SSB are contained within 1.25 msec. Following the same logic, O values (other than 0 and 5) can be 1.25 and 6.25.
The proposed set of O values for PDCCH monitoring occasions for Type-0 PDCCH CSS for 480 kHz are {0, 2.5, 5, 7.5} and for 960 kHz are {0, 1.25, 5, 6.25}. 
The SSB pattern for 480 kHz and 960 kHz, accounts for 1-symbol beam switching gap. Rows corresponding to symbols 0 (if i is even) and 7 (if i is odd) in the ‘searchSpaceZero’ configuration table will allow non-overlapping placement of Type-0 PDCCH for 480 kHz and 960 kHz. Hence, we can remove the entries with Y= [image: ] in the table.  If entries with Y needs to be supported, we think it make more sense to support the entries with Y =  to allow for gNB beam switching gap. Additionally, we do not see a strong reason for supporting different O values for DBTW on/off. 
Proposal 6: 
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz,
· Support O = {0, 2.5, 5, 7.5} for 480kHz (in case Lmax = 128)
· Support O = {0, 1.25, 5, 6.25} for 960kHz {in case Lmax = 128)
· Support same O values for DBTW on/off
· Remove entries for Y= [image: ]in the table

One other aspect that needs consideration for 480 and 960 kHz SSB is the ability to collocate the Type0-PDCCH CSS in the same slot as SSB. For unlicensed operation there are great benefits when Type0-PDCCH and PDSCH for SIB1 can be placed in the same slots as SSB. It allows gNB to use the same LBT for transmission for both SSB and PDCCH/PDSCH for SIB1. While multiplexing pattern 3 may enable this, we believe it is the general understanding that multiplexing pattern 1 should be prioritized for 480 and 960 kHz due to the fact the symbol durations are much shorter compared with FR1 or FR2-1.
FR1 SSB slot patterns were always consecutive, since it was possible for gNB to leverage few symbols in each slot for uplink transmission. Because the symbol and slot durations are so short, instead of relying on same slot uplink transmission, gNB and UE will need to utilize empty slots every few SSB slots for uplink (if needed). This created a non-consecutive SSB slot pattern for 120 kHz, and we propose a similar pattern for 480 and 960 kHz as well.
The issue is that for Type0-PDCCH CSS, the existing equations do not account for non-consecutive SSB slot placement. Therefore, if we use the existing Type0-PDCCH CSS formulation for 480 and 960 kHz case, it is not possible to collocate Type0-PDCCH and corresponding SSB in the same slot. An illustration of the Type0-PDCCH CSS mapping issue is shown in Figure 2.

 
[bookmark: _Ref83987823]Figure 2. Proposed SSB slot pattern for 480 kHz and 960 kHz illustrating the Type-0 PDCCH CSS mapping issue 
In order to resolve this issue, we simply need to update how index ‘i’ is incremented for PDCCH slot determination. Current equation used for determining monitoring slots is given by , where ‘i’ is the SSB index. The equation does not account for the slots where SSB cannot be transmitted. As illustrated in Figure 3, consider SSB transmission for 480 kHz with M= ½ and O = 0. Using the current equation for identifying the slot, at the interval where the slot pattern becomes non-contiguous, the UE will determine slot #8 will contain the PDCCH for SSBs with index 16 and 17. 


[bookmark: _Ref86932031]Figure 3. Illustration of SS#0 symbol positions for each SSB with M=0.5

The PDCCH monitoring slot equation can be modified as follows:
· For 480 kHz and 960 kHz: where  and  

The above equations assumed that SSB slot pattern for 480 kHz and 960 kHz is 8 SSB slots followed by 2 non-SSB slots. The following are the list of SSB slots, n, based on Proposal 1.
· For 480kHz and 960 kHz, n = {0,1,2,3,4,5,6,7, 10,11,12,13,14,15,16,17, 20,21,22, 23,24,25,26,27, 30,31,32,33,34,35,36,37}, {40,41,42,43,44,45,46,47, 50,51,52,53,54,55,56,57, 60,61,62,63,64,65,66,67, 70,71,72,73,74,75,76,77}.

Proposal 7:
· If a non-contiguous SSB slot pattern is supported for {SSB, Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz, the equation for determining the slot number for PDCCH monitoring is modified to allow colocation of Type-0 PDCCCH and the corresponding SSB.
· Support the following modified equation:
· For 480 kHz and 960 kHz: where  and  

[bookmark: _Ref68448194]TDRA allocation
For 480 kHz and 960 kHz, potential enhancements to TDRA allocation A and C need to account for the supported SSB pattern. Based on our analysis, the TDRA allocation A table does not need to be enhanced, since the following rows in Table 5.1.2.1.1-2 (TS 38.214) allows the placement of PDSCH in the first half and second half of the slot without overlapping with the reserved beam switching symbols (symbol #6 and #13). 
Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP
	Row index
	dmrs-TypeA
Position
	PDSCH
mapping type
	K0
	S
	L

	6
	2
	Type B
	0
	9
	4

	14
	2,3
	Type A
	0
	2
	4



An illustration of potential PDSCH placement within the slot that is multiplexed with SSB are shown in Figure 4. TDRA allocation A table is used when SSB/CORESET multiplexing pattern 1 is used. In such case, the potential PDSCH placement can coincide with SSB in FDM manner and can be multiplexed with PDCCH in TDM. In addition, the potential PDSCH placements also support 1 symbol gap for gNB beam switching. Based on this, we suggest to conclude that no enhancement for TDRA default allocation table A is needed.


[bookmark: _Ref86932006]Figure 4. Illustration of potential PDSCH allocation using TDRA default allocation table A

Proposal 8: 
· Conclusion:
· For 480 and 960 kHz, no need to enhance or modify TDRA allocation A table.
TDRA Allocation C table is used when SSB/CORESET multiplexing pattern 3 is used. The primary usage scenario for multiplexing pattern 3 is when SSB is FDM with PDCCH and PDSCH. Due to updates to the SSB pattern, the TDRA allocation C table (Row 6 in Table 5.1.2.1.1-5 in TS 38.314) can be updated to add an entry with S=11 and L =2 so that the PDSCH symbols do not overlap with PDCCH symbols and beam switching symbol #13 in the second half of the slot. An illustration of potential PDSCH placement within the slot that is multiplexed with SSB are shown in Figure 5.


[bookmark: _Ref86931997]Figure 5. Illustration of potential PDSCH allocation using TDRA default allocation table C

Table 5.1.2.1.1-5: Default PDSCH time domain resource allocation C
	Row index
	dmrs-TypeA
Position
	PDSCH
mapping type
	K0
	S
	L

	1 (Note 1)
	2,3
	Type B
	0
	2
	2

	2
	2,3
	Type B
	0
	4
	2

	3
	2,3
	Type B
	0
	6
	2

	4
	2,3
	Type B
	0
	8
	2

	5
	2,3
	Type B
	0
	10
	2

	6
	2,3
	Type B
	0
	11
	2

	7
	Reserved

	8
	2,3
	Type B
	0
	2
	4

	9
	2,3
	Type B
	0
	4
	4

	10
	2,3
	Type B
	0
	6
	4

	11
	2,3
	Type B
	0
	8
	4

	12
	2,3
	Type B
	0
	10
	4

	13 (Note 1)
	2,3
	Type B
	0
	2
	7

	14 (Note 1)
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	15 (Note 1)
	2,3
	Type A
	0
	0
	6

	16 (Note 1)
	2,3
	Type A
	0
	2
	6

	Note 1: The UE may assume that this PDSCH resource allocation is not used, if the PDSCH was scheduled with SI-RNTI in PDCCH Type0 common search space



Proposal 9: 
· Modify TDRA allocation C table to add S=11 and L =2.

Discussion on RA-RNTI Calculation
The current procedure of RA-RNTI computation is described in Section 5.1.3 of TS 38.321 from which the corresponding equation is excerpted and given by:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id.
In the equation, the index of the first slot of the PRACH occasion in a system frame, denoted as t_id, corresponds to PRACH SCS and has a range: 0 ≤ t_id < 80. In RAN1#104-e, it was identified that the current RA-RNTI calculation results in an overflow of RA-RNTI value for larger PRACH SCS (i.e., 480 kHz and 960 kHz). In particular, for SCS 960 kHz: 0 ≤ t_id < 640, and the resulting RA-RNTI exceeds the maximum provided by the current 16-bit RNTI. Taking into account configuration of PRACH RO described in Section 2.3, the following simple modification of RA-RNTI computation equation could be proposed:
· for PRACH SCS 480 kHz:
· ;
· for PRACH SCS 960 kHz:
· .
After summarizing for all possible PRACH SCS values (), the modified equation can be given by:
· 
We prefer this simple RA-RNTI equation modification over some other solutions, which propose to keep the existing RA-RNTI equation and introduce additional signalling in DCI scheduling RAR/MsgB for SCS 480 kHz and 960 kHz, because it minimizes an impact onto DCI size and design.
Proposal 10:
· RA-RNTI computation equation should be adjusted to avoid overflow in case of PRACH SCS 480 kHz and 960 kHz;
· Support the following modified equation for RA-RNTI computation:
· ,
· where t_id is based on the value of  specified in clause 5.3.2 of TS 38.211.

Remaining Aspects of DRS Design
In RAN1#106-e meeting, a big progress was made towards supporting DRS based on SSB transmission with SCS 120 kHz. In particular, DBTW lengths {0.5, 1, 2, 3, 4, 5} ms were agreed and the number of 64 candidate SSBs within a half-frame was taken as a working assumption. However, there are still some remaining aspects to be addressed. One of them is QCL relationship indication across SSBs. In Rel-16 NR-U, the parameter  was introduced so that the UE assumes SSBs are QCL-ed if a value of  is the same among SSBs. The parameter  can be indicated as part of PBCH payload. The number of actually transmitted SSBs within a DBTW cannot exceed . Similar approach could be applied to SS burst-based DRS with SCS 120 kHz for QCL indication: SSBs are QCL-ed if they have the same value of  where  is the candidate SSB index () and . In NR extension from 52.6 GHz up to 71 GHz, it is very unlikely to operate relying on a single Tx beam only or a small number of beams. Because of that, a possible set of  values could be defined as  or which would require 1 bit or 2 bits for indication, respectively.
To indicate , at least one bit from MIB is proposed for repurposing. A good candidate is the subCarrierSpacingCommon bit from MIB as long as SSB and RMSI always have the same SCS in NR extension from 52.6 GHz up to 71 GHz. One more bit could be repurposed to expand the set of possible values of  up to 4 entries. This could be achieved taking into account that the configuration of CORESET#0 for SCS combination {SSB, PDCCH} = {120, 120} kHz has only 8 of 16 entries used from the corresponding Table 13-8 in TS 38.213. Even with additional CORESET#0 configuration with 96 RBs, our design proposal with certain assumptions on sync/channel raster (see the Appendix for details) essentially allows 1 bit from pdcch-ConfigSIB1 in MIB to be repurposed for additional  values indication. Alternatively, the spare bit from PBCH payload may be used in addition to the subCarrierSpacingCommon bit from MIB to indicate one of four  values, e.g., .
Even in some unlicensed deployments the LBT operation may not be mandatory. To address this case, DBTW on/off indication should be available for gNB in NR extension from 52.6 GHz up to 71 GHz. Therefore, it’s proposed to reuse the approach from Rel-16 NR-U to DBTW on/off indication. In particular, if DBTW length is less or equal to the time duration occupied by  SSB candidates, then DBTW is assumed to be switched off. The DBTW length itself is signalled in SIB1 as in Rel-16 NR-U.
Proposal 11:
· For DRS based on SSBs with SCS 120 kHz:
·  is indicated in MIB
· At least the subCarrierSpacingCommon bit from MIB is reinterpreted to indicate 
· Consider 1 bit from pdcch-ConfigSIB1 in MIB to indicate  from the extended set, e.g., 
· Alternatively, the spare bit from PBCH payload could be used to indicate  in addition to the subCarrierSpacingCommon bit from MIB
· DBTW on/off is identified based on comparison of the DBTW length with the time duration occupied by transmission of  SSBs
· DBTW length is signalled in SIB1

For SSB SCS 480 kHz/960 kHz, LBT operation with DRS is deemed necessary at least for future compatibility with regulations in some geographic regions where currently LBT rules are not well defined though still mandated [3]. This implies supporting a larger number of SSB candidate positions than the current maximum of 64, i.e., . The placement of these SSB candidate positions is proposed in Proposal 2.
The larger number of SSB candidates () requires an additional bit to indicate the candidate SSB index. It’s proposed to reinterpret one bit from MIB, i.e., ssbSubcarrierSpacingCommon bit for indexing additional SSB candidates beyond 64.
The mechanism for indication of QCL relationship accross SSBs from Rel-16 NR-U is reused. To enable it, the parameter  is signalled in MIB. According to the CORESET#0 configuration, described in Section 2.2, at least one bit from the pdcch-ConfigSIB1 field would be available for  value indication. In this case, . The twofold expansion of the set of  values is possible if one additional bit from PBCH payload is used. The spare bit is a good candidate for this. Although RAN1 group is very cautious about touching the spare bit from PBCH payload, even in LTE the spare bit has been unused by the moment. Therefore, it seems this is good time for RAN1 to agree on using the spare bit for NR extension from 52.6 GHz up to 71 GHz. The 2-bit indication of  would result in a set of 4 values, e.g., as follows: .
For SCS 480 kHz  SSB candidates occupy less than 3 ms in time domain and for SCS 960 kHz they occupy less than 1.5 ms. Therefore, it’s proposed to avoid multiple values for DBTW length and assume only a single value for it, e.g., corresponding to  SSB candidates. Therefore, the signalling of DBTW length is not needed. Instead, the DBTW on/off state is explicitly signalled in SIB1.
Proposal 12:
· For DRS based on SSBs with SCS 480 kHz/960 kHz:
·  and SSB candidate slots are arranged according to Proposal 2
· One bit from MIB is used for indexing additional SSB candidates
· The subCarrierSpacingCommon bit from MIB is reinterpreted for this purpose
·  is indicated in MIB
· One bit from pdcch-ConfigSIB1 in MIB is repurposed to indicate at least 
· The spare bit from PBCH payload could be used to indicate  in addition to 1 bit from pdcch-ConfigSIB1 in MIB
· DBTW length is fixed and not signalled
· DBTW on/off is explicitly signalled in SIB1

Conclusions
In this contribution, we discussed issues related to initial access for extending NR up to 71 GHz. The following is a summary of theproposals:
Proposal 1: 
· Consider SSB pattern in a slot with 8 SSB containing slots, each slot with 2 SSB position, followed by 2 non-SSB carrying slots for 480 kHz and 960kHz. Supported value of n for 480/960kHz SSB slot pattern is 
· n = {0,1,2,3,4,5,6,7, 10,11,12,13,14,15,16,17, 20,21,22, 23,24,25,26,27, 30,31,32,33,34,35,36,37}, {40, 41,42, 43,44,45,46,47, 50,51,52,53,54,55,56,57, 60,61,62, 63,64,65,66,67, 70,71,72,73,74, 75,76,77}.
· The second set of n values could be used to enable larger number of candidate SSBs, i.e., 
Proposal 2: 
· Support 96 PRB CORESET for {SS/PBCH, PDCCH} equal to {480,480} and {960,960} kHz with = {1, 2}.
Proposal 3: 
· Support the following CORESET#0 RB offset values for {120, 120} kHzkHz for multiplexing patterns 1 and 3:
· For CORESET#0 with 24 RBs: [0] for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· For CORESET#0 with 48 RBs: [0], for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· For CORESET#0 with 96 RBs: [0] for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· Modify Table 13.8 in TS 38.213 to support the proposed RB offset when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz
Proposal 4: 
· Support the following CORESET#0 RB offset values for {480, 480}, {960, 960} kHz for multiplexing patterns 1 and 3:
· For CORESET#0 with 24 RBs: [0] for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· For CORESET#0 with 48 RBs: [0], for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· For CORESET#0 with 96 RBs: [0] for multiplexing pattern 1 and –20 if kssb =0 (-21 if kssb > 0) for multiplexing pattern 3.
· Support addition of a new table in 38.213 for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {480, 480} kHz or {960, 960} kHz. 
· Send an LS to RAN4 to consider raster design where RB offset [0] is sufficient for lower spectrum utilization.
Proposal 5:
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} SCS = {120, 120} kHz,
· use Table 13-12 in TS38.213 for multiplexing pattern 1.
· Note: Preference to exclude the rows corresponding to O=2.5 and O=7.5, but would be ok to leave them as is.
· use Table 13-15 in TS38.213 for multiplexing pattern 3.
Proposal 6: 
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz,
· Support O = {0, 2.5, 5, 7.5} for 480kHz (in case Lmax = 128)
· Support O = {0, 1.25, 5, 6.25} for 960kHz {in case Lmax = 128)
· Support same O values for DBTW on/off
· Remove entries for Y= [image: ]in the table
Proposal 7:
· If a non-contiguous SSB slot pattern is supported for {SSB, Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz, the equation for determining the slot number for PDCCH monitoring is modified to allow colocation of Type-0 PDCCCH and the corresponding SSB..
· Support the following modified equation:
· For 480 kHz and 960 kHz: where  and  
Proposal 8: 
· Conclusion:
· For 480 and 960 kHz, no need to enhance or modify TDRA allocation A table.
Proposal 9: 
· Modify TDRA allocation C table to add S=11 and L =2.
Proposal 10:
· RA-RNTI computation equation should be adjusted to avoid overflow in case of PRACH SCS 480 kHz and 960 kHz;
· Support the following modified equation for RA-RNTI computation:
· ,
· where t_id is based on the value of  specified in clause 5.3.2 of TS 38.211.
Proposal 11:
· For DRS based on SSBs with SCS 120 kHz:
·  
·  is indicated in MIB
· At least the subCarrierSpacingCommon bit from MIB is reinterpreted to indicate 
· Consider 1 bit from pdcch-ConfigSIB1 in MIB to indicate  from the extended set, e.g., 
· Alternatively, the spare bit from PBCH payload could be used to indicate  in addition to the subCarrierSpacingCommon bit from MIB
· DBTW on/off is identified based on comparison of the DBTW length with the time duration occupied by transmission of  SSBs
· DBTW length is signalled in SIB1
Proposal 12:
· For DRS based on SSBs with SCS 480 kHz/960 kHz:
·  and SSB candidate slots are arranged according to Proposal 2
· One bit from MIB is used for indexing additional SSB candidates
· The subCarrierSpacingCommon bit from MIB is reinterpreted for this purpose
·  is indicated in MIB
· One bit from pdcch-ConfigSIB1 in MIB is repurposed to indicate at least 
· The spare bit from PBCH payload could be used to indicate  in addition to 1 bit from pdcch-ConfigSIB1 in MIB
· DBTW length is fixed and not signalled
· DBTW on/off is explicitly signalled in SIB1

References
[1] [bookmark: _Ref68520482][bookmark: _Ref79071157][bookmark: _Ref83987365][bookmark: _Ref47259910][bookmark: _Ref20730972][bookmark: _Ref16193927][bookmark: _Ref6926730][bookmark: _Ref7107393][bookmark: _Ref521318726][bookmark: _Ref524340861][bookmark: _Ref510774888][bookmark: _Ref3884257]RAN1 Chair’s Notes. 3GPP TSG RAN WG1 Meeting #106-e. e-Meeting, August 16th – 27th, 2021.
[2] TR38.807 v16.0.0, “Study on requirements for NR beyond 52.6 GHz,” December, 2019.
[3] ARIB STD-T117, “Low Power Data Communication System / 60 GHz-band Wireless LAN for Very High Throughput Data Communications”, September 2016.
[4] R4-2113159, “On System Parameters in 60 GHz,”, Intel Corporation
[5] R4-2113953, “52.6-71 GHz System Parameters,” Ericsson.


Appendix
In RAN4, there were several options for channelization discussed. Among the various options, most of the discussions were centered around two proposals (or some minor variant of the two proposals) in [4] and [5]. One of the options is to define mostly define non-overlapping channels similar to what was done for NR-U in Rel-16. In order to maximize spectrum utilization and also support channels that maximize coexistence with IEEE 802.11ad/ay systems, additional channels are defined [4]. A conceptual illustration is shown in 6. Another approach for channelization is to support “floating” channelization in units of N kHz, e.g. N = 120 kHz [5]. This is a similar approach taken for licensed bands in FR1 and FR2.

[image: ]
[bookmark: _Ref83989698]Figure 6 Conceptual illustration of channelization for 60 GHz (figure not drawn to correct scale and portions)

In either approach, because of the number of RB for each channel and CORESET#0 size relationship, we believe RB offset 0 will support majority (if not all) the cases of channel and synchronization raster combinations. For this, we need to first have an estimate for the number of PRB for each channel bandwidth. If we assume 95% spectrum utilization, we estimate that the number of PRB available for each supported channel bandwidth will be given as follows:
Table 1 Number of PRB estimate for each channel bandwidth (with 95% spectrum utilization assumption)
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	-
	-
	-

	480
	
	66
	132
	264
	-

	960
	
	32
	66
	132
	166



Because supported CORESET#0 bandwidths are 24, 48, and 96 PRB. Supporting placement of 24 PRBs within 66 PRB for 120 kHz and 480 kHz, and 32 PRB for 960 kHz is relatively easy. If we assume RB offset of 0 between SSB and CORESET, then SSB needs to be placed within the occupied channel bandwidth such that there is at least (CORESET BW – SSB BW) number of PRBs after SSB within the occupied channel bandwidth. Figure 6 shows an illustration of relationship between SSB and CORESET#0 within the occupied channel bandwidth.
[image: ]
[bookmark: _Ref83990543]Figure 6 Illustration of relationship between SSB and CORESET#0 within the occupied channel bandwidth

If we assume RAN4 will also consider picking SSB raster entries such that SSB can be placed in the left edge of the channel bandwidth, then there will be in almost all cases even PRBs in the occupied channel bandwidth to support 24 and 48 PRB. For the wider channel bandwidths, it will be possible to support 96 PRB as well. 
If we assume 89% spectrum utilization, we estimate that the number of PRB available for each supported channel bandwidth will be given as follows:
Table 2 Number of PRB estimate for each channel bandwidth (with 89% spectrum utilization assumption)
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	62
	248
	-
	-
	-

	480
	-
	62
	124
	248
	-

	960
	-
	31
	62
	124
	155



If we assume 86.4% spectrum utilization, we estimate that the number of PRB available for each supported channel bandwidth will be given as follows:
Table 3 Number of PRB estimate for each channel bandwidth (with 86.4% spectrum utilization assumption)
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	60
	240
	-
	-
	-

	480
	-
	60
	120
	240
	-

	960
	-
	30
	60
	120
	150


Depending on how much SSB rasters are sub-sampled from the global GSCN entries, the required RB offset may slightly change. Based on our internal analysis, the following RB offset are sufficient to cover all proposals being considered in RAN4 channelization study.
Table 1 Minimum set of RB offset values required to support the CORESET#0 for each subcarrier spacing and CORESET#0 BW combination for 95% spectrum utilization 
	
	
	120 kHz
	480 kHz
	960 kHz

	Mux Pattern 1
	24 RB
	0
	0
	0

	
	48 RB
	0
	0
	0

	
	96 RB
	0
	0
	0

	Mux Pattern 3
	24 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0

	
	48 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0

	
	96 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0



Table 4 Minimum set of RB offset values required to support the CORESET#0 for each subcarrier spacing and CORESET#0 BW combination for 89% spectrum utilization 
	
	
	120 kHz
	480 kHz
	960 kHz

	Mux Pattern 1
	24 RB
	0
	0
	0, 2*

	
	48 RB
	0
	0, 2*
	0

	
	96 RB
	0
	0
	0

	Mux Pattern 3
	24 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0

	
	48 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0

	
	96 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0



Table 5 Minimum set of RB offset values required to support the CORESET#0 for each subcarrier spacing and CORESET#0 BW combination for 86.4% spectrum utilization 
	
	
	120 kHz
	480 kHz
	960 kHz

	Mux Pattern 1
	24 RB
	0
	0
	0, 3*

	
	48 RB
	0
	0, 3*
	0

	
	96 RB
	0
	0
	0

	Mux Pattern 3
	24 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0

	
	48 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0

	
	96 RB
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0
	-20 if kssb=0
-21 if kssb>0



Note*: This entry (RB offset of 2 or 3) may or may not be needed depending on how nested structure of channelization and GSCN selection is performed. Since the PRB estimate is higher for increasing spectrum utilization, RB offset of 3 can be used irrespective of spectrum utilization.
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