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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-e [1].
	Conclusion:
RAN1 will continue discussions to develop solutions for supporting DBTW

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 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

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.

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

Agreement:
For DBTW with 120kHz SCS (if supported), support DBTW lengths {0.5, 1, 2, 3, 4, 5} msec
· Note: this should be the same as Rel-16 NR-U DBTW lengths.
*
Agreement:
For ‘controlResourceSetZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz,
· Support the following set of parameters.
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 

	1 
	24
	2

	1 
	48
	1

	1 
	48
	2


· Note: the number of entries corresponding the same {mux pattern, number of RB, number of symbol} tuple (listed above) will depend on required RB offsets that needs to be supported based on channel and sync raster design.
· FFS: addition other set of parameters

Agreement:
Do not support PRACH length L=571, 1151 for 960kHz PRACH and at least L =1151 for 480kHz PRACH. 

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)




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
The working assumption on the max number of SSB candidates for SCS 120 kHz in a half-frame, i.e., , allows to reuse SSB candidate slot positions defined in FR2 for SCS 120 kHz (Case D). Therefore, we suggest to keep the same SSB pattern for 120 kHz in FR2-2.
Proposal 1:
· For SSB SCS 120 kHz, reuse Case D pattern for SSB candidate slot positions within a half-frame.
For SSB SCS 480 kHz/960 kHz, the SSB candidate slot pattern should take into account PRACH occasion placements in order to avoid collisions with them. According to the agreement from RAN1 #106-e, the starting PRACH slot is  for PRACH SCS 480kHz and  for SCS 960kHz when the number of PRACH slots within the reference slot is one and  for PRACH SCS 480kHz and  for SCS 960kHz when the number of PRACH slots within the reference slot is two. Taking the above design factor into account, we propose the SSB slot pattern shown in Figure 1, where 3 consecutive (potentially) SSB containing slots are followed by 1 slot that SSB cannot be transmitted on for 480 kHz, and 6 consecutive (potentially) SSB containing slots are followed by 2 slot that SSB cannot be transmitted on for 960 kHz.
[image: ]
[bookmark: _Ref68623733]Figure 1: Proposed SSB slot pattern for SCS 480 kHz/960 kHz 
Proposal 2: 
· Consider SSB pattern in a slot with 3 SSB containing slots, each slot with 2 SSB position, followed by 1 non-SSB carrying slot for 480 kHz and 6 SSB carrying slots followed by 2 non-SSB carrying slots for 960kHz.
· For 480kHz and 960kHz SCS based SSB, first symbols of the candidate SSB have indexes {2,9} + 14×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For 480kHz, n = {0,1,2, 4,5,6, 8,9,10, 12,13,14, 16,17,18, 20,21,22, 24,25,26, 28,29,30, 32,33,34,  36,37,38, 40,41}, {42, 44,45,46, 48,49,50, 52,53,54, 56,57,58, 60,61,62, 64,65,66, 68,69,70, 72,73,74, 76,77,78, 80, 81, 82, 84}.
· The second set of n values could be used to enable larger number of candidate SSBs, i.e., 
· For 960kHz, n = {0,1,2,3,4,5, 8,9,10,11,12,13, 16,17,18,19,20,21, 24,25,26,27,28,29, 32,33,34,35,36,37, 40,41}, {42,43,44,45, 48,49,50,51,52,53, 56,57,58,59,60,61, 64,65,66,67,68,69, 72,73,74,75,76,77, 80,81,82,83}. 
· 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 
In US unlicensed operation, communication device has a special clause for devices operating with bandwidths smaller 100 MHz. More specifically, “The 500 mW peak transmitter output limit applies to transmitters with an emission bandwidth of at least 100 MHz and is reduced for systems that employ narrower bandwidths.” “Transmitters with an emission bandwidth of less than 100 MHz must limit their peak transmitter conducted output power to the product of 500 mW times their emission bandwidth divided by 100 MHz.” [2].
Because of this it is critical to at least support CORESET bandwidth that are able to reach 100 MHz, so that transmission power isn’t negatively penalized. For 120kHz cases, 48 PRB CORESET only occupy 69 MHz, and falls short from the minimum 100 MHz threshold. Therefore, we suggest to also agree to support 96 PRB CORESET for CORESET multiplexing pattern 1. In case of CORESET multiplexing pattern 3, SSB and CORESET are FDM and use of 48 PRB CORESET effectively yields bandwidth of 97 MHz. While it is still short from 100 MHz, the power penalty is somewhat negligible. So while supporting 96 PRB for 120 kHz cases is not essential for transmit power perspective, given that time domain resources for PDSCH for SIB1 in case of multiplexing pattern 3 can be limiting, we think there is still value in supporting 96 PRB CORESET options.
The 480 kHz and 960 kHz subcarrier spacing are intended to be used to support wide system bandwidths. Therefore, we think there is value in providing 96 PRB CORESET options for 480 and 960 kHz cases as well.
Proposal 3: 
· Support 96 PRB CORESET for {SS/PBCH, PDCCH} equal to {120,120}, {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, we believe {0} RB offset for all multiplexing pattern 1 entries for {120, 120} kHz, {480, 480} kHz, and {960, 960} kHz is sufficient with the only exception to 48 PRB entries of {120, 120} kHz case.  Depending on how GSCN entries are down-selected and re-used across different channel bandwidth cases, the SSB placement within a 100 MHz channel bandwidth with 120 kHz could require higher RB offset in order to place a 48 PRB CORESET within the occupied channel bandwidth of the 100 MHz channel. It should be noted that support of RB offset value of 1 is strictly not required, as it can be circumvented by an additional GSCN raster entry or alternatively by not supporting multiplexing pattern 3 for a few of the other channel bandwidth cases. The latter case may resolve the RB offset value of 1 requirement, as we assumed same GSCN raster entries are re-used for supporting both mux pattern 1 and 3 across various overlapping bandwidths. If mux pattern 3 support is de-prioritized and not required for every single channel bandwidth, then it is possible to optimize the RB offset values to only have value of 0. 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
	1
	[1]

	3
	1
	48
	 2
	0

	4
	1 
	48
	2
	[1]

	5
	1 
	96
	1
	0

	6
	1
	96
	2
	0

	7
	3 
	24
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	8
	3 
	48
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	9
	3 
	96
	2
	-20 if  kSSB = 0
-21 if kSSB > 0

	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



It should be noted that for 480 and 960 kHz cases, we expect equal or less than 8 entries are needed for CORESET#0 configuration, even when multiplexing pattern 3 is supported and even when 96 PRB cases are supported. This should allow RAN1 to utilize 1 bit from CORESET#0 configuration for other purposes.
Observation 1:
· For 480 and 960 kHz cases, even if 96 PRB CORESETs and multiplexing pattern 3 CORESETs are considered, it is possible to utilize 1 MSB bit from CORESTE#0 configuration field for other purposes.

Proposal 4: 
· Support the following CORESET#0 RB offset values for {120, 120} kHz, {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.
· FFS: inclusion of RB offset of [1]
· 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
· 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. 


SearchSpaceZero Configuration  
As seen in Figure 1, for 480 kHz, 48 SSB are contained in a 1ms subframe, and 128 SSB can be contained within 2.75 msec. Since SSBs can be placed anywhere within the 2.75 msec for 480kHz, in order to provide non-overlapping placement of the Type0-PDCCH CSS, the O value will need to be 2.75. In case SSBs are placed in the second half radio frame, O value can be set to 7.75. Similarly, for 960 kHz, 96 SSB are contained in a 1 msec subframe, and 128 SSB are contained within 1.5 msec. Following the same logic, O values (other than 0 and 5) can be 1.5 and 6.5.
The proposed set of O values for PDCCH monitoring occasions for Type-0 PDCCH CSS for 480 kHz are {0, 2.75, 5, 7.75} and for 960 kHz are {0, 1.5, 5, 6.5}. 
Proposal 5: 
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz,
· Support O = {0, 2.75, 5, 7.75} for 480kHz (in case Lmax = 128)
· Support O = {0, 1.5, 5, 6.5} for 960kHz {in case Lmax = 128)

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.
[image: ]
[bookmark: _Ref83987823]Figure 2. Illustration of SS#0 symbol positions for each SSB with M=0.5
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 2, consider SSB transmission for 480 kHz with M= ½ and O = 0. Using the current equation for identifying the slot, the UE will determine slot #3 will contain the PDCCH for SSBs with index 6 and 7. 
The PDCCH monitoring slot equation can be modified as follows:
· For 480 kHz: where  and  
· For 960 kHz: where  and  

The above equations assumed that SSB slot pattern for 480 kHz is 3 SSB slots followed by 1 non-SSB slots and for 960 kHz is 6 SSB slots followed by 2 non-SSB slots. The following are the list of SSB slots, n, based on Proposal 2.
· For 480kHz, n = {0,1,2, 4,5,6, 8,9,10, 12,13,14, 16,17,18, 20,21,22, 24,25,26, 28,29,30, 32,33,34,  36,37,38, 40,41}, {42, 44,45,46, 48,49,50, 52,53,54, 56,57,58, 60,61,62, 64,65,66, 68,69,70, 72,73,74, 76,77,78, 80, 81, 82, 84}.
· For 960kHz, n = {0,1,2,3,4,5, 8,9,10,11,12,13, 16,17,18,19,20,21, 24,25,26,27,28,29, 32,33,34,35,36,37, 40,41}, {42,43,44,45, 48,49,50,51,52,53, 56,57,58,59,60,61, 64,65,66,67,68,69, 72,73,74,75,76,77, 80,81,82,83}. 
Proposal 6:
· The equation for determining the slot number for PDCCH monitoring is modified to account for the non-contiguous numbering of the SSB slot pattern for {SSB, Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz.
· Support the following modified equation:
· For 480 kHz: where  and  
· For 960 kHz: where  and  
[bookmark: _Ref68448194]
Remaining Aspects of RACH Occasion Configuration and PRACH Format
As SCS 480 kHz was agreed for initial access, it’s assumed that SCS 480 kHz can be applied to PRACH for initial access. The corresponding PRACH Formats A1~A3, B1~B4, C0, and C2 with sequence length L=139 are also agreed. The remaining aspect is the support of larger sequence length, i.e., L=571. For SCS 480 kHz, L=571 results in RACH allocation bandwidth that fits within the min channel bandwidth of 400 MHz. This can be used to avoid peak power reduction mandated for fixed outdoor equipment by the US regulation. More specifically, “The 500 mW peak transmitter output limit applies to transmitters with an emission bandwidth of at least 100 MHz and is reduced for systems that employ narrower bandwidths.” “Transmitters with an emission bandwidth of less than 100 MHz must limit their peak transmitter conducted output power to the product of 500 mW times their emission bandwidth divided by 100 MHz.” The corresponding excerpt from TR38.807 is provided below [2].
Table 1. Excerpt from TR38.807
	Frequency band [GHz]
	Power/Magnetic Field Requirements
	Purpose/Node Placement requirements
	Additional Notes

	57 – 71
	Max avg. EIRP (82 – 2N) dBm
Max peak EIRP (85 – 2N) dBm.
N = max(0, 51 dBi – antenna-gain)

If emission-BW is less than 100 MHz, max peak conducted output power is {500mW × emission-BW / 100MHz} [Note 1]
Otherwise, max peak conducted output power is 500mW
	Fixed outdoor equipment
	Unlicensed.


	Note 1:	Emission bandwidth is defined as the instantaneous frequency range occupied by a steady state radiated signal with modulation, outside which the radiated power spectral density never exceeds 6 dB below the maximum radiated power spectral density in the band, as measured with a 100kHz resolution bandwidth spectrum analyzer. The center frequency must be stationary during the measurement interval, even if not stationary during normal operation (e.g., for frequency hopping devices). Peak transmitter conducted output power shall be measured with an RF detector that has a detection bandwidth that encompasses the 57-71GHz band and that has a video bandwidth of at least 10MHz.



To be able to use the full allowed power for PRACH transmission with SCS 480 kHz, it’s proposed to support the PRACH preamble formats A1~A3, B1~B4, C0, C2 for  in case of PRACH SCS 480 kHz.
Proposal 7:
· Support PRACH formats A1~A3, B1~B4, C0, C2 for  with SCS 480 kHz, i.e., .

One of the FFS points remaining from the last RAN1 meeting is the support of time gaps between consecutive RACH occasions (ROs). Although the necessity of gaps is still under discussion, the introduction of gaps may impact the design and specification in RAN1 especially taking into account the latest agreements on PRACH configuration. At the same, the gaps between ROs could be emulated at gNB by means of configuring PRACH with a large number of repetitions. In this case, some of the repetitions could be skipped by gNB and serve as a gap in order to, e.g., switch Rx beams.
Observation 2:
· If gaps between consecutive ROs are necessary, gNB is able to configure PRACH with a large number of repetitions where some extra repetitions may be skipped and, thus, serve as gaps between ROs.

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 2.2, 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:
· 
Proposal 8:
· 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 SSB positions within NR slot and SSB slot positions within a half-frame. As we proposed in one of the previous sections, Case D pattern from FR2 for SCS 120 kHz is reused for this purpose. Another aspect 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.
One other thing remained is licensed vs. unlicensed indication. The availability of this indication in MIB potentially allows to have different sizes of DCI 1_0 scrambled with SI-RNTI in licensed and unlicensed deployments. However, the opportunity to repurpose one more bit from PBCH payload is very limited especially if the companies are not willing to reuse such bits as the spare bit or a bit from pdcch-ConfigSIB1. Because of that, it’s proposed to avoid the licensed vs. unlicensed indication in MIB and align the sizes of DCI 1_0 scrambled with SI-RNTI between licensed and unlicensed operation modes.
Proposal 9:
· For DRS based on SSBs with SCS 120 kHz:
·  and reuse Case D slot pattern for placement of SSB candidates 
·  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
· Licensed vs. unlicensed operation is not signalled in MIB
· Align sizes of DCI 1_0 scrambled with SI-RNTI between licensed and unlicensed modes of operation

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.
For licensed vs. unlicensed operation, the same principle, as for SSB SCS 120 kHz, is proposed for SSB SCS 480 kHz/960 kHz. In particular, there is no signalling of licensed vs. unlicensed operation in MIB and the sizes of DCI 1_0 scrambled with SI-RNTI are aligned between licensed and unlicensed operation modes.
Proposal 10:
· 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
· Licensed vs. unlicensed operation is not signalled in MIB
· Align sizes of DCI 1_0 scrambled with SI-RNTI between licensed and unlicensed modes of operation

Conclusions
In this contribution, we discussed issues related to initial access for extending NR up to 71 GHz. The following is a summary of the observation and proposals:
Observation 1:
· For 480 and 960 kHz cases, even if 96 PRB CORESETs and multiplexing pattern 3 CORESETs are considered, it is possible to utilize 1 MSB bit from CORESTE#0 configuration field for other purposes.
Observation 2:
· If gaps between consecutive ROs are necessary, gNB is able to configure PRACH with a large number of repetitions where some extra repetitions may be skipped and, thus, serve as gaps between ROs.

Proposal 1:
· For SSB SCS 120 kHz, reuse Case D pattern for SSB candidate slot positions within a half-frame.
Proposal 2: 
· Consider SSB pattern in a slot with 3 SSB containing slots, each slot with 2 SSB position, followed by 1 non-SSB carrying slot for 480 kHz and 6 SSB carrying slots followed by 2 non-SSB carrying slots for 960kHz.
· For 480kHz and 960kHz SCS based SSB, first symbols of the candidate SSB have indexes {2,9} + 14×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For 480kHz, n = {0,1,2, 4,5,6, 8,9,10, 12,13,14, 16,17,18, 20,21,22, 24,25,26, 28,29,30, 32,33,34,  36,37,38, 40,41}, {42, 44,45,46, 48,49,50, 52,53,54, 56,57,58, 60,61,62, 64,65,66, 68,69,70, 72,73,74, 76,77,78, 80, 81, 82, 84}.
· The second set of n values could be used to enable larger number of candidate SSBs, i.e., 
· For 960kHz, n = {0,1,2,3,4,5, 8,9,10,11,12,13, 16,17,18,19,20,21, 24,25,26,27,28,29, 32,33,34,35,36,37, 40,41}, {42,43,44,45, 48,49,50,51,52,53, 56,57,58,59,60,61, 64,65,66,67,68,69, 72,73,74,75,76,77, 80,81,82,83}. 
· The second set of n values could be used to enable larger number of candidate SSBs, i.e., 
Proposal 3: 
· Support 96 PRB CORESET for {SS/PBCH, PDCCH} equal to {120,120}, {480,480} and {960,960} kHz with = {1, 2}.

Proposal 4: 
· Support the following CORESET#0 RB offset values for {120, 120} kHz, {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.
· FFS: inclusion of RB offset of [1]
· 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
· 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. 
Proposal 5: 
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz,
· Support O = {0, 2.75, 5, 7.75} for 480kHz (in case Lmax = 128)
· Support O = {0, 1.5, 5, 6.5} for 960kHz {in case Lmax = 128)
Proposal 6:
· The equation for determining the slot number for PDCCH monitoring is modified to account for the non-contiguous numbering of the SSB slot pattern for {SSB, Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz.
· Support the following modified equation:
· For 480 kHz: where  and  
· For 960 kHz: where  and  
Proposal 7:
· Support PRACH formats A1~A3, B1~B4, C0, C2 for  with SCS 480 kHz, i.e., .
Proposal 8:
· 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 9:
· For DRS based on SSBs with SCS 120 kHz:
·  and reuse Case D slot pattern for placement of SSB candidates 
·  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
· Licensed vs. unlicensed operation is not signalled in MIB
· Align sizes of DCI 1_0 scrambled with SI-RNTI between licensed and unlicensed modes of operation
Proposal 10:
· 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
· Licensed vs. unlicensed operation is not signalled in MIB
· Align sizes of DCI 1_0 scrambled with SI-RNTI between licensed and unlicensed modes of operation
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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 Figure 3. 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 3 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 2 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 4 shows an illustration of relationship between SSB and CORESET#0 within the occupied channel bandwidth.
[image: ]
[bookmark: _Ref83990543]Figure 4 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. 
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 3 Minimum set of RB offset values required to support the CORESET#0 for each subcarrier spacing and CORESET#0 BW combination
	
	
	120 kHz
	480 kHz
	960 kHz

	Mux Pattern 1
	24 RB
	0
	0
	0

	
	48 RB
	0
	0, 1*
	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 1) may or may not be needed depending on how nested structure of channelization and GSCN selection is performed.
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