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1. Introduction
In this contribution, we discuss and provide views on SS/PBCH block, initial BWP, and PRACH, to support NR in high frequency range from 52.6 GHz to 71 GHz (simply denoted as “FR2-2” hereafter).

2. SS/PBCH block
· Discovery transmission burst window (DBTW)
	Working assumption: (RAN1#106-e)
For 120kHz SSB, the number of candidates SSBs in a half frame is 64.

Agreement: (RAN1#106bis-e)
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.



The above working assumption made in RAN1#106-e can be confirmed since in RAN1#106bis-e, RAN1 agreed not to support any other values of ‘n’ than ones supported for 120 kHz SCS in Rel-15.

Proposal #1: Confirm the following working assumption made in RAN1#106-e.
· For 120kHz SSB, the number of candidates SSBs in a half frame is 64.

	Working assumption: (RAN1#106bis-e)
Support DBTW for 120 kHz.
· FFS: Support for 480 kHz and 960 kHz



Once the working assumption (made in RAN1#106-e) for 64 candidate SSBs with 120 kHz is confirmed, the above working assumption also can be confirmed. Furthermore, for 480 kHz and 960 kHz, we prefer to support 64 candidate SSB positions (same as in 120 kHz) to have a unified design for all SCSs and to avoid optimization of DBTW for optional SCSs.

Proposal #2: Confirm the following working assumption made in RAN1#106bis-e.
· Support DBTW for 120 kHz.
Proposal #3: If DBTW is supported for 480 kHz and 960 kHz SSB, the number of candidates SSBs in a half frame is 64 for all SCSs in FR2-2.

	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 



In Rel-16 NR-U, 2 bits (i.e., subCarrierSpacingCommon and LSB of ssb-SubcarrierOffset) in MIB were re-purposed to indicate one out of 4 candidate (=Q) values (i.e., {1, 2, 4, 8}). In order to provide better flexibility on choosing Q values from network perspective, instead of 2 values, we prefer to indicate 4 values (i.e., {8, 16, 32, 64}) for Q in MIB. Regarding which 2 bits in MIB can be repurposed to indicate Q values, we suggest to use subCarrierSpacingCommon and spare bit, which does not require any change for CORESET#0 and type0-PDCCH CSS set configurations.

Proposal #4: Total of 4 states (i.e., {8, 16, 32, 64}) of  values are supported by using 2 bits in MIB of the followings.
· subCarrierSpacingCommon
· spare-bit (not the Msg Extension bit)

In addition, if Q value less than 64 can be indicated, how to indicate actually transmitted SSBs via ssb-PositionsInBurst in SIB1 and also in ServingCellConfigCommon needs to be discussed. In Rel-15 NR FR2, ssb-PositionsInBurst in SIB1 is composed of two bitmaps where one bitmap (i.e., groupPresence) indicates the presence of each 8-SSB group and the other bitmap (i.e., inOneGroup) indicates the presence of each SSB in a group.
First of all, for signanling of ssb-PositionsInBurst in SIB1, following the similar approach in NR-U, UE may expect a bit at groupPresence corresponding to a SS/PBCH block index k (>=Q) is set to 0. For instance, if Q=32, UE expects groupPresence is set to XXXX0000 (where X=0 or 1). Alternatively, the way to construct a group can be changed depending on Q value. For instance, if Q=16, each bit of groupPresence and inOneGroup (in total 16 bits) can correspond to each of SS/PBCH block index 0 to 15.
Next, for signanling of ssb-PositionsInBurst in ServingCellConfigCommon, 64-bit full bitmap is used in Rel-15. In this case, the k-th bit in the bitmap is set to 0, where k > Q. For instance, if Q=32, UE expects the k-th bit in the bitmap is set to 0, where k > 32.

Proposal #5: The bit-width of ssb-PositionsInBurst in SIB1 and ServingCellConfigCommon is kept the same as in Rel-15 (i.e., 16-bit bitmap in SIB1 and 64-bit bitmap in ServingCellConfigCommon).
· For ssb-PositionsInBurst in SIB1, if  is indicated as 64, the same method with Rel-15 is applied. If  is indicated as less than 64,
· Alt 1: UE expects a bit at groupPresence corresponding to a SS/PBCH block index k (≥ Q) is set to 0.
· Alt 2: A bit in 16-bit bitmap corresponds to N (= max {Q/16, 1}) SS/PBCH block index(es).
· For ssb-PositionsInBurst in ServingCellConfigCommon, UE expects that the k-th bit in the bitmap is set to 0, where k > Q.

	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.



For time domain pattern of SS/PBCH block with 480/960 kHz SCS, for exact values of ‘n’, consecutive integer values would suffice since the time duration for 64 SS/PBCH blocks for 480/960 kHz is short enough (i.e., less than or equal to 1 msec) and the gap for UL control channel is not required.

Proposal #6: For 480/960 kHz SSB, 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 (as per agreement in RAN1#106-e), and values of ‘n’ are consecutive integers (i.e., n = 0, 1, 2, …, 31), which is ALT C of agreement in RAN1#106bis-e.

For configuration of Type0-PDCCH CSS set, the following Table 13-12 can be used for the starting point not only for 120 kHz SCS but also for 480/960 kHz.

Table 13-12: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR2
	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



	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
	[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 X
	1
	1
	0

	3
	2.5 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
	2.5 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
	7.5 5 + X
	1
	1
	 0

	10
	7.5 5 + X
	2
	1/2
	 {0, if [image: ] is even}, {7, if [image: ] is odd}

	11
	7.5 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






Especially for O values, considering that time span corresponding to 64 SS/PBCH block transmission is around 1 and 0.5 msec for 480 and 960 kHz SCS respectively, 2.5 msec offset from half-frame boundary seems to be quite large. Therefore, we can consider reducing O values for 480/960 kHz by applying X=1.25 for 480 kHz and X=0.625 for 960 kHz.

Proposal #7: Reuse Table 13-12 in TS 38.213 specification for type0-PDCCH CSS set configuration with 120/480/960 kHz, except for O values for 480/960 kHz.
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz, in the table of agreement in RAN1#106bis-e
· X=1.25 for 480 kHz and X=0.625 for 960 kHz, regardless of whether DBTW is enabled or disabled
· Y =  as in Rel-15

3. 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) 

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


In RAN1#106-e meeting [1], it was agreed that the reference slot SCS is remained as 60 kHz and 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 for 480 and 960kHz PRACH. And it was concluded in RAN1#106bis-e meeting [2] that a gap between consecutive ROs for 480 kHz and 960 kHz is not supported. Therefore, the remaining issues are a confirmation of  values when number of PRACH slot is a reference slot is 1 or 2. 
In order to reuse the PRACH configuration table for FR2 as much as possible, and keep the design principle that ensure the PRACH slots are sufficiently spread in time-domain to alleviate processing load, it is preferred to confirm the tentative  value agreed in the RAN1#106bis-e meeting. In other words, for 480 and 960 kHz PRACH,  for 480 kHz and  for 960 kHz PRACH when number of PRACH slots in a reference slot is 1, and  for 480 kHz and  for 960 kHz PRACH when the number of PRACH slots in a reference slot is 2.

Proposal #8: For 480 and 960 kHz PRACH,  for 480 kHz and  for 960 kHz PRACH when number of PRACH slots in a reference slot is 1, and  for 480 kHz and  for 960 kHz PRACH when the number of PRACH slots in a reference slot is 2.

The RA-RNTI associated with the PRACH occasion in which the random access preamble is transmitted, is computed as:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
· 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)
· f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8)
· ul_carrier_id is the UL carrier used for preamble transmission (0 for NUL carrier, and 1 for SUL carrier)
Since the existing RA-RNTI was designed for a 10ms window, it should be noted that the number of slots in the 480 kHz and 960 kHz subcarrier spacing is too large to cover all slots with the existing RNTI (i.e., it exceeds the range that can be expressed by 16-bits). However, it was agreed in RAN1#106-e meeting [1] that the reference slot SCS is remained as 60 kHz and 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 120 kHz PRACH in FR2 is supported for 480 and 960 kHz PRACH. Therefore the existing RA-RNTI equation could be reused by reinterpreting the slot indexes t_id based on a new specific subcarrier spacing as the slot indexes of 120 kHz SCS (e.g., floor(t_id/n) where n=4 for 480 kHz SCS and n=8 for 960 kHz). Note that the same rule can be also applied to MsgB-RNTI.

Proposal #9: Reuse the existing RA-RNTI/MSGB-RNTI equation by reinterpreting the slot indexes t_id based on a new specific subcarrier spacing as the slot indexes of 120 kHz SCS (e.g., floor(t_id/n) where n=4 for 480 kHz SCS and n=8 for 960 kHz).

In the case of mapping RA-RNTI to actual 480/960kHz PRACH slot, the existing RA-RNTI equation associated with the PRACH occasion is needed to be modified. The value range of t_id in the above calculation is assumed that a 10ms RAR window and the maximum SCS of 120 kHz (i.e., 80 slots in a frame). However, the number of slots in a frame is 320 slots and 640 slots for 480 kHz and 960 kHz, respectively and if a larger subcarrier spacing is introduced in future releases, the number of slots in a frame is likely to be increased. Hence, in the case of mapping RA-RNTI to actual 480/960 kHz PRACH slot, the RAR window segmentation together with DCI indication can be considered:
· Divide the RAR window for RA-RNTI (or msg2 window for MSGB-RNTI) into N sub-periods (where each sub-period is 80 slots using the used SCS) + signal the sub-period index using the DCI that schedules the MSG2/MSGB.

Proposal #10: In the case of mapping RA-RNTI to actual 480/960 kHz PRACH slot, the RAR window segmentation as well as DCI indication can be considered:
· Divide the RAR window for RA-RNTI (or msg2 window for MSGB-RNTI) into N sub-periods (where each sub-period is 80 slots using the used SCS) + signal the sub-period index using bit-field with ceiling{log2(N)} bits in the DCI that schedules the MSG2/MSGB.

Meanwhile, considering the number of slots increased compared to 120 kHz in 480/960 kHz SCS and the possibility of introducing a larger subcarrier spacing in the future release, it may be useful to use modulo operation together with DCI indication for the forward compatibility. However, we would like to point out some incomplete aspects of the proposed formula in the list of options from the last meeting discussion. When identify RA-RNTI between UEs by a combination of modulo operation and DCI to the legacy RA-RNTI formula, the following two points should be considered:
1) Valid RA-RNTI values start from 1 (not 0)
2) 
For example, the formulas for RA-RNTI and RA-indication in Option 4 from the list of options in previous meeting can be modified as below:
	· Original Option 4)
· Segment the PRACH into N segments
· 
· In DCI: 
· Modified Option 4)
· Segment the PRACH into N segments
· 
· 
· 
· 


The first "1+" was placed outside modulo formula in the RA-RNTI formula and deleted the first "1+" in the RA-indication formula from the original formula. The formula for MSGB-RNTI and RA-indication-MSGB together with  (e.g., M=15, K=14) is also added to exclude reserved/predefined RNTI value such as the RNTI values FFF3 from FFFF and. In addition,  is used as an offset value for MSGB-RNTI outside modulo operation since RA-RNTI may have a value up to. 2-step RACH and 4-step RACH can be distinguished at RNTI level by the modified RA-RNTI and/or MSGB-RNTI formulas as in Legacy Rel-16 operation, and the exact RNTI value can be obtained through the RA-indication field.

Proposal #11: If the modulo operation is adopted instead of the RAR window segmentation method to calculate RA-RNTI for 480/960 kHz PRACH, the following aspects should be considered: 1) valid RNTI value range (starting from 1 and not from 0) and 2) offset value for MSGB-RNTI to be separated from RA-RNTI.

4. Conclusions
In this contribution, we discussed SS/PBCH block, initial BWP, and PRACH to support NR in high frequency range (FR2-2) from 52.6 GHz to 71 GHz, and the followings were proposed.
Proposal #1: Confirm the following working assumption made in RAN1#106-e.
· For 120kHz SSB, the number of candidates SSBs in a half frame is 64.
Proposal #2: Confirm the following working assumption made in RAN1#106bis-e.
· Support DBTW for 120 kHz.
Proposal #3: If DBTW is supported for 480 kHz and 960 kHz SSB, the number of candidates SSBs in a half frame is 64 for all SCSs in FR2-2.
Proposal #4: Total of 4 states (i.e., {8, 16, 32, 64}) of  values are supported by using 2 bits in MIB of the followings.
· subCarrierSpacingCommon
· spare-bit (not the Msg Extension bit)
Proposal #5: The bit-width of ssb-PositionsInBurst in SIB1 and ServingCellConfigCommon is kept the same as in Rel-15 (i.e., 16-bit bitmap in SIB1 and 64-bit bitmap in ServingCellConfigCommon).
· For ssb-PositionsInBurst in SIB1, if  is indicated as 64, the same method with Rel-15 is applied. If  is indicated as less than 64,
· Alt 1: UE expects a bit at groupPresence corresponding to a SS/PBCH block index k (≥ Q) is set to 0.
· Alt 2: A bit in 16-bit bitmap corresponds to N (= max {Q/16, 1}) SS/PBCH block index(es).
· For ssb-PositionsInBurst in ServingCellConfigCommon, UE expects that the k-th bit in the bitmap is set to 0, where k > Q.
Proposal #6: For 480/960 kHz SSB, 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 (as per agreement in RAN1#106-e), and values of ‘n’ are consecutive integers (i.e., n = 0, 1, 2, …, 31), which is ALT C of agreement in RAN1#106bis-e.
Proposal #7: Reuse Table 13-12 in TS 38.213 specification for type0-PDCCH CSS set configuration with 120/480/960 kHz, except for O values for 480/960 kHz.
· For ‘searchSpaceZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz, in the table of agreement in RAN1#106bis-e
· X=1.25 for 480 kHz and X=0.625 for 960 kHz, regardless of whether DBTW is enabled or disabled
· Y =  as in Rel-15
Proposal #8: For 480 and 960 kHz PRACH,  for 480 kHz and  for 960 kHz PRACH when number of PRACH slots in a reference slot is 1, and  for 480 kHz and  for 960 kHz PRACH when the number of PRACH slots in a reference slot is 2.
Proposal #9: Reuse the existing RA-RNTI/MSGB-RNTI equation by reinterpreting the slot indexes t_id based on a new specific subcarrier spacing as the slot indexes of 120 kHz SCS (e.g., floor(t_id/n) where n=4 for 480 kHz SCS and n=8 for 960 kHz).
Proposal #10: In the case of mapping RA-RNTI to actual 480/960 kHz PRACH slot, the RAR window segmentation as well as DCI indication can be considered:
· Divide the RAR window for RA-RNTI (or msg2 window for MSGB-RNTI) into N sub-periods (where each sub-period is 80 slots using the used SCS) + signal the sub-period index using bit-field with ceiling{log2(N)} bits in the DCI that schedules the MSG2/MSGB.
Proposal #11: If the modulo operation is adopted instead of the RAR window segmentation method to calculate RA-RNTI for 480/960 kHz PRACH, the following aspects should be considered: 1) valid RNTI value range (starting from 1 and not from 0) and 2) offset value for MSGB-RNTI to be separated from RA-RNTI.

5. References
RAN1#106-e Chairman’s note
RAN1#106bis-e Chairman’s note

image3.wmf
i


image4.wmf
i


image5.wmf
CORESET

symb

N


image1.wmf
O


image2.wmf
M


