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1. Introduction
In this contribution, we provide discussions on initial access aspects of supporting NR from 52.6GHz to 71 GHz. Issues in WID scope and under discussion in RAN1 e-Meetings are summarized as the follows [1] [2]:
· SSB aspects: supported numerology, mixed numerology between SSB and CORESET#0, initial access support for additional numerology, SSB resource pattern, SSB and CORESET#0 multiplexing, and CORESET#0 configuration.
· PRACH aspects: PRACH sequence length, supported numerology and format, RACH occasion resources, RA preamble ID calculation, and short signal exception for PRACH


2. SSB aspects
2.1. DRS related aspects
Issue: whether to support DBTW in FR2-2 operation

In RAN1 104bis-e agenda 8.2.6, it has been agreed that Contention Exempt Short Control Signaling (CESCS) rules can be applicable to the transmission of SS/PBCH block. The CESCS regulation requires at most 10ms transmission time within 100ms duration. For SSB of 120 kHz SCS, it costs about 2.29ms to transmit 64 SSBs within maximum COT of 5ms. Considering the default 20ms periodicity, more than 10% time is used for SSB transmission, which violates the CESCS regulation requirements. For SSB of 480 or 960 kHz, purely depending on CESCS rules is not sufficient, e.g., LBT is mandatory according to some countries regulations where the CESCS rules cannot be applied. Hence, for SSB with 120 or 480 or 960 kHz SCS, LBT is needed for unlicensed band and thus DBTW is beneficial, e.g., enabling utilization of Q for multiple SSB transmission opportunities.

Proposal 1: Adopt DBTW for SSB with 120 or 480 or 960 kHz SCS in FR2-2 operation.

Issue: indication of candidate SSB index, Q, and DBTW enabled/disabled vs. available MIB payload bit

In Rel-16 NR-U, whether DBTW is enabled is not indicated by MIB. The UE implicitly determines whether DBTW is enabled by comparing the candidate SS/PBCH index with DBTW length, after decoding SIB1. Before decoding SIB1, the UE assumes that DBTW is enabled and the DBTW length is the default value 5ms. The same mechanism can be reused in Rel-17 and thus no MIB payload bit is used for DBTW enabled/disabled indication.

On the other hand, indication of candidate SSB index for  (e.g., 128) requires 7 bits. Basically, this means one MIB payload bit is needed for  indication, together with other 6 bits. In addition, one or two MIB payload bits are required for Q related information. For example, it was proposed to use two bits for indication four Q values, e.g., {8, 16, 32, 64}. Currently, two MIB payload bits can be repurposed from the bit for subCarrierSpacingCommon indication and the LSB for ssb-SubcarrierOffset indication. Then, the problem is one more MIB payload bit is needed for  and Q indication (3 bits) than that can be repurposed (2 bits).

Since it is not preferable to use the reserved bit in MIB and it is difficult to repurpose other MIB payload bits, compressing information for Q related indication could be a solution to the above problem. More specifically, only one MIB payload bit (instead of two bits) is used to indicate Q’ = {8, 32}, where Q’ = 8 for Q = {8, 16} and Q’ = 32 for Q = {32, 64}. That is, only a part of Q information (1 bit out of 2 bits) is indicated by MIB. The complete Q information can be indicated by SIB1 or can be obtained by combining Q’ and the remained 1 bit that is indicated by SIB1.  Before decoding SIB1, the UE makes QCL assumption based on the indicated Q’ value. Although for some cases, the UE may need to perform extra PDCCH blind decoding, it can work from specification point of view. The obvious benefit is that no extra MIB payload bit is required.

Proposal 2: One MIB payload bit is used for indication of candidate SSB index for . Another MIB payload bit indicates Q related information. DBTW enabled/disabled is not explicitly indicated via MIB. These two bits are repurposed from the bit for subCarrierSpacingCommon indication and the LSB for ssb-SubcarrierOffset indication.


2.2. SSB resource pattern
[bookmark: _Hlk83195923]The following agreement on the new SSB pattern for 480kHz and 960kHz SCS has been achieved in RAN1 106-e: 
	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.




Issue: to determine values of n

In the previous meeting, the new SSB pattern within a slot for 480kHz and 960kHz SCS has been determined. The consequent work will be determining n values. Based on the same reason for n values of SSB pattern Case D in Rel-15/Rel-16 (e.g., to accommodate UL transmissions, some slots are not allocated with SSBs), in Rel-17 gap slots between SSB slots are needed and thus values of n should be non-contiguous.

In addition, it is predicted that more symbols are required for the UL-to-DL/DL-to-UL switching time of 480kHz or 960kHz SCS. Reflecting this requirement on the gap slots design, more gap slots (than that of 120kHz SCS, i.e., 2 slots) should be considered for 480kHz or 960kHz SCS. Thus, it is natural to consider 3 slots or 4 slots.

Observation 1: The value range of n should be designed such that 64 SS/PBCH blocks and/or 128 candidate SS/PBCH blocks can be accommodated. Non-contiguous n values should be considered where the slots without SS/PBCH blocks are reserved for UL transmissions.

A possible option with 4 gap slots for operation without shared spectrum channel access is 
  A possible option with 4 gap slots for operation with shared spectrum channel access is 





Proposal 3: Non-contiguous values of n with 3 or 4 gap slots between SSB slots should be considered. 


2.3.  Multiplexing SSB and COREST 0
The following agreement on CORESET0 design for 480kHz and 960kHz SCS has been achieved in RAN1 106-e: 

	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




With respect to CSS design, the common understanding is to discuss the following table and ‘O’ values separately, based on reusing Table 13-12 in Rel-16 TS38.213.
	Number of search space sets per slot
	[image: ]
	First symbol index

	1
	1
	0

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

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

	1
	2
	0




Issue: the third row should be kept or deleted

One main discussion point is whether to remove the third row in the table. The reason for removing the third row is such configuration is useless if beam switching gaps are required, e.g., it is impossible to complete two times of beam switching between PDCCH0-PDCCH0 or PDCCH0-SSB. The potential beam switching problem lies in gNB side but not in UE side. The UE only need to monitor the PDCCH0 associated to the detected SSB.

We think two cases (O > 0 and O = 0) should be separately analyzed as follows, where it is found that the third row should be modified rather than simply kept or removed.
· For O > 0, the first SSB (with even index) and the first PDCCH0 associated to the first SSB, and the second SSB (with odd index) and the second PDCCH0 associated to the second SSB, are located within different slots. To cope with the potential requirement of beam switching gaps, gap symbol(s) can be introduced between the first PDCCH0 and the second PDCCH0.

[image: ]


· For O = 0, the first SSB (with even index) and the first PDCCH0 associated to the first SSB, and the second SSB (with odd index) and the second PDCCH0 associated to the second SSB, are located within a slot. That is, since it is not possible to introduce gaps, the first PDCCH0 has to be allocated to symbol #0 and the second PDCCH0 has to be allocated to symbol #1. Although such configuration leads to limited scheduling flexibility if beam switching gaps are necessary, scheduling is still possible, e.g., the gNB only transmits either the first SSB and the first PDCCH0, or the second SSB and the second PDCCH0. For a gNB of higher capability where beam switching gaps are not needed, such configuration without reducing scheduling flexibility is useful as in Rel-15/Rel-16. Another alternative solution is to modify the configuration such that there is no other PDCCH0/SSB consecutively next to the PDCCH0 and SSB with the same beam. For example, configuration like {1, if [image: ] is even}, {8, if [image: ] is odd} and {6, if [image: ] is even}, {13, if [image: ] is odd}.

[image: ]


In summary, considering the possible more stringent beam switching requirement in addition to MIMO TAE, it is better to introduce gaps between PDCCH0/SSB transmitted in different beams. For O > 0, 1 or 2 symbols gap can be simply inserted between two consecutive PDCCH0s. For O = 0, simply inserting gap symbols is not possible but there are two alternative solutions. The first alternative is to keep the configuration unchanged, where the scheduling flexibility is limited but the configuration is still valid. The second alternative is to modify the configuration to, e.g., {1, if [image: ] is even}, {8, if [image: ] is odd}.

Proposal 4: For Type0-PDCCH CSS set configuration rows where the first symbol index is given by {0, if i is even}, {, if i is odd}, the configuration rows should be modified such that gap symbols between different beams can be supported.

Issue: to determine ‘O’ values for 480kHz SCS and 960kHz SCS

The following FFS was summarized in the FL summary during the previous meeting. We think resolving this FFS would be good start point for discussion.
· FFS: supported values of ‘O’
· For the support values of ‘O’ (as part of supported combination of {‘O’, number of SS per slot, M, first symbol index} tuple consider at least the following alternatives:
· Alt 1:
· Adopt same Table 13-12 for 120/480/960 kHz SCS
· Alt 2:
· Adopt same Table 13-12 for 120 kHz SCS. For 480 and 960 kHz, re-interpret offsets as O = O’/X1 and O = O’/X2, respectively, where O’ are values of O from Table 13-12.
· FFS for X1 and X2
· FFS on whether it applied to all O’ values or some subset of O’ values
· [bookmark: _Hlk83185410]Alt 3: O is from the set {0, 5, 2.5, 5+2.5} for 120 kHz, {0, 5, 2.5/X1, 5+2.5/X1} for 480 kHz, and {0, 5, 2.5/X2, 5 + 2.5/X2} for 960 kHz. 
· FFS for X1 and X2

Values 0 and 5 are for half frame operation and thus should be SCS agnostic. The value 2.5 is mainly used for consecutive transmission of SSB burst in Rel-15/Rel-16, e.g., for 240 kHz SCS, the SSB burst duration is roughly 2.5ms. The value 7.5 is complex, e.g., 5 + 2.5, where 5 counts for half frame operation and 2.5 counts for consecutive burst transmission.

In Rel-17, values 0 and 5 should be kept the same but values 2.5 and 7.5 should be modified for 480kHz SCS and 960kHz SCS. Accordingly, Alt 3 seems to be the most reasonable one among the three alternatives, except for the modification of 2.5/X1 or 2.5/X2. Instead, we think it is better to adopt modifications such as {0, 5, X5, 5+ X5} for 480 kHz, and {0, 5, X6, 5 + X6} for 960 kHz, where X5 and X6 stand for durations that count for consecutive transmission of SSB burst of 480kHz SCS and 960kHz SCS, respectively. This is because, the durations should be computed based on the value range of n which is not determine yet, e.g., the durations might not be 2.5ms, e.g., longer or shorter than 2.5ms.

Proposal 5: ‘O’ is from the set {0, 5, X5, 5+ X5} for 480 kHz, and {0, 5, X6, 5 + X6} for 960 kHz, where X5 and X6 stand for durations that count for consecutive transmission of SSB burst of 480kHz SCS and 960kHz SCS, respectively.

3. PRACH aspects
3.1. Sequence length and numerology
The following agreement on the new SSB pattern for 480kHz and 960kHz SCS has been achieved in RAN1 106-e: 

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




Issue: whether to support L = 571 for 480 kHz SCS PRACH

Regarding 480 kHz and/or 960 kHz SCS PRACH, a remained issue is whether L = 571, 1151 is necessary for 480 and/or 960 kHz PRACH SCS. For PRACH SCS 120kHz, under the 23dBm/MHz PSD constraint, the maximum transmission power of L = 139 is 35.2 dBm, which is about 5dB less than the 40 dBm EIRP limit. As shown in Table 1, introducing L = 571, 1151 can fully exploit the EIRP budget. For PRACH SCS 480 or 960kHz if supported, reusing L = 139 is sufficient from the EIRP/PSD perspective. L = 571, 1151 results in much more required frequency resource for PRACH, where we cannot see the necessity.

Table 1. Maximum transmit power under PSD constraint
	SCS (kHz)
	
	BW (MHz)
	Max TX power
(dBm)

	120
	139
	16.7
	35.2

	
	571
	68.5
	41.4

	
	1151
	138.1
	44.4

	480
	139
	66.7
	41.2

	
	571
	274.1
	47.4

	
	1151
	552.5
	50.4

	960
	139
	133.4
	44.3

	
	571
	548.2
	50.4

	
	1151
	1105
	53.4




Proposal 6: Only support L = 139 for PRACH with 480kHz and 960 kHz SSB SCS.


3.2.  RACH occasion resources
The following agreement has been achieved in RAN1 105-e meeting:
	Agreement:
· For 480 and 960kHz PRACH:
· The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index,  , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.
Agreement:
For 480 and 960kHz PRACH:
· At least the same RO density in time domain (i.e. number of specified RO per reference slot according the PRACH configuration index) as for 120kHz PRACH in FR2 is supported
· FFS: Support gap between consecutive ROs in time domain and the details to derive the gap
Agreement:
For 480 and 960kHz PRACH,
· When a PRACH slot can contain all time domain PRACH occasions corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching,
· and when number of PRACH slots in a reference slot is 1,
·   for 480kHz and  for 960kHz PRACH
· and when the number of PRACH slots in a reference slot is 2,
·  for 480kHz and  for 960kHz PRACH 
· FFS:  values, when a PRACH slot cannot contain all time domain PRACH occasions, corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching.
· [bookmark: _Hlk82785162]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)
· FFS: whether and how to account for beam switching gap in RO configuration (if needed)




Proposal 7: Gaps between consecutive ROs should be supported at least for LBT purposes.

Issue:  values if the gaps are introduced, or if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation); whether and how to account for beam switching gap in RO configuration

Considering gaps between consecutive ROs are supported, for some PRACH configuration indexes, the ROs would span more than one PRACH slot as shown in Figure 1. To cope with this issue, there are two general options:
· Option 1: No specification change. ROs that spanning multiple PRACH slots are either allowed or can be avoided by configuration choice. 
· Option 2:  Add one more PRACH slot to distribute the ROs and gaps.

With respect to the case allowing multiple PRACH slots spanning in option 1, the last RO would be in a slot after the configured PRACH slot, where the slot might be used for other transmissions, e.g., DL transmissions. Without specification change, the last RO is determined as invalid and thus practical RO density is reduced. With respect to the case where multiple PRACH slots spanning is avoided by configuration choice, one obvious drawback is limitation of configuration flexibility. Thus, we believe option 2 is needed although it requires some specification efforts. Several detailed implementations can be considered such as listed below:
· Alt. 0: Invalidate the last RO (option 1)
· Alt. 1: ROs other than the last RO is placed in the PRACH slot; the last RO is placed at the end of the additional PRACH slot
· Alt. 2: the first RO is placed at the end of the additional PRACH slot and ROs are allocated in ascending order
· Alt. 3: the first RO is placed at the end of the PRACH slot and ROs are allocated in descending order
· Alt. 4: the first RO is placed at the beginning of the additional PRACH slot and ROs are allocated in ascending order

[image: ]
Figure 1: Solution alternatives when ROs would span multiple PRACH slots

Since anyway the additional PRACH slot is needed for each alternative except for Alt. 0, the alternative minimizing specification efforts (e.g., Alt. 4) is preferred. Required specification changes would be   where if   for 480 and 960 kHz SCS, respectively. Otherwise, if   for 480 and 960 kHz SCS, respectively.

Proposal 8: A starting symbol index of a PRACH occasion is given by  If non-zero duration gaps are configured between consecutive ROs and the ROs would span multiple PRACH slots,  for 480 and 960 kHz SCS, respectively. Otherwise,  for 480 and 960 kHz SCS, respectively.

3.3.  RA-RNTI calculation
Issue: RA-RNTI calculation for 480/960kHz SCS PRACH

In Rel-16 specification on RA-RNTI calculation:

	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
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8], f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).



If higher PRACH SCS (e.g., 480kHz) is introduced, a directly modified equation could be:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 320 × f_id + 14 × 320 × 8 × ul_carrier_id (0, 1)  (Eq. 2)
However, the range of RA-RNTI becomes [1, 71680] and 16 bits are not sufficient to express all the possible values. A further modification could be adding a mod(X, 65536) function in the equation, which is still problematic due to that the computed RA-RNTI might corresponds to different PRACH occasions. 

Under the assumption of unchanged RO density, one may consider that unique RA-RNTI values not exceeding 65536 can be generated for all the PRACH occasions even without modifications on the formula. However, we found that is impossible according to our calculations: it is observed that in some rows of this table, PRACH occasions of different frequency-time domain allocations result in the same RA-RNTI value. For instance, consider PRACH Config. Index #12 in the table for FR2, where ROs exist in only two 60kHz reference slot per frame. Calculation results attached in the zip file show that 43 repeated RA-RNTI values are found, each RA-RNTI value corresponding to different combinations of s_id, t_id, f_id, and ul_carrier_id. Hence, modifications on the equation or the table or other aspect enhancements are required.

[bookmark: _GoBack]Observation 2: To accommodate 480kHz and/or 960kHz PRACH SCS, even RO density per reference slot is not changed, modification of specification related to RA-RNTI calculation is required.

To accommodate 480kHz and/or 960kHz PRACH SCS, there might be following potential solutions:
· Alt-1: Assuming RO density per reference slot is unchanged, without modifying the formula and definition of s_id. Modify the definition of t_id as the slot index referring to 120kHz SCS.
· Alt-2: Modify the definition of t_id as logical slot index and modify the formula if required. 
· Alt-3: The RA-RNTI calculation is aided by DCI bits indication, on the top of the formula without modification.

Among the alternatives, the specification impact/effort of Alt-1 seems to be minimized, e.g., only definition of t_id needs to be modified. Alt-2 has more flexibility and is easier to be extended in the future (e.g., can be adopted when the RO density is changed). Idea of Alt-3 is simple and flexible, but more specification efforts are expected. Thus, for the current WI, Alt-1 could be a proper choice.

Proposal 9: Assuming RO density per reference slot is unchanged, without modifying the formula and definition of s_id. Modify the definition of t_id as the slot index referring to 120kHz SCS.

4. Conclusion
[bookmark: _References]In this contribution, we provide the following observations and proposals:

Observation 1: The value range of n should be designed such that 64 SS/PBCH blocks and/or 128 candidate SS/PBCH blocks can be accommodated. Non-contiguous n values should be considered where the slots without SS/PBCH blocks are reserved for UL transmissions.

Observation 2: To accommodate 480kHz and/or 960kHz PRACH SCS, even RO density per reference slot is not changed, modification of specification related to RA-RNTI calculation is required.

Proposal 1: Adopt DBTW for SSB with 120 or 480 or 960 kHz SCS in FR2-2 operation.

Proposal 2: One MIB payload bit is used for indication of candidate SSB index for . Another MIB payload bit indicates Q related information. DBTW enabled/disabled is not explicitly indicated via MIB. These two bits are repurposed from the bit for subCarrierSpacingCommon indication and the LSB for ssb-SubcarrierOffset indication.

Proposal 3: Non-contiguous values of n with 3 or 4 gap slots between SSB slots should be considered. 

Proposal 4: For Type0-PDCCH CSS set configuration rows where the first symbol index is given by {0, if i is even}, {, if i is odd}, the configuration rows should be modified such that gap symbols between different beams can be supported.

Proposal 5: ‘O’ is from the set {0, 5, X5, 5+ X5} for 480 kHz, and {0, 5, X6, 5 + X6} for 960 kHz, where X5 and X6 stand for durations that count for consecutive transmission of SSB burst of 480kHz SCS and 960kHz SCS, respectively.

Proposal 6: Only support L = 139 for PRACH with 480kHz and 960 kHz SSB SCS.

Proposal 7: Gaps between consecutive ROs should be supported at least for LBT purposes.

Proposal 8: A starting symbol index of a PRACH occasion is given by  If non-zero duration gaps are configured between consecutive ROs and the ROs would span multiple PRACH slots,  for 480 and 960 kHz SCS, respectively. Otherwise,  for 480 and 960 kHz SCS, respectively.

Proposal 9: Assuming RO density per reference slot is unchanged, without modifying the formula and definition of s_id. Modify the definition of t_id as the slot index referring to 120kHz SCS.


5. References
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Appendix: related agreements
general
Agreement:
Send an LS to RAN4 to get input on gap required for gNBs and UEs for beam switching and for UL/DL and DL/UL switching.

DRS aspects
Agreement:
For an unlicensed band that requires LBT, further study whether/how to support discovery burst (DB) and discovery burst transmission window (DBTW) at least for 120 kHz SSB SCS
· If DB supported 
· FFS: What signals/channels are included in DB other than SS/PBCH block
· If DBTW is supported
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· The following points are additionally FFS:
· How to indicate candidate SSB indices and QCL relation without exceeding limit on PBCH payload size
· Details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· Whether or not to support DBTW for SSB SCS(s) other than 120 kHz if other SSB SCS(s) are supported

Agreement:
· For operation with shared spectrum channel access of NR 52.6 – 71 GHz, support discovery burst (DB) and define the DB same as in Rel-16 37.213 Section 4.0
· FFS: Support discovery burst transmission window (DBTW) at least for SSB with 120 kHz SCS with the following requirements
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· FFS: applicability of DBTW design for 120kHz to SSB with 480kHz and 960kHz SCS
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· FFS: details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· FFS: details of how to inform UEs of the configuration of DBTW

Agreement:
FFS: Support DBTW at least for 120kHz 
· FFS whether DBTW will be applicable for 480/960 kHz SSB SCS 
· If DBTW is supported for 480/960kHz SSB: 
· For the case agreed in RAN1 #104bis-e where 480/960 kHz SSB location and SCS are explicitly provided to the UE (non-initial access), indication of DBTW configuration (e.g. enable/disable of DBTW,  , and DBTW length) are supported by dedicated signaling.
· For 120kHz SSB, support mechanism to distinguish at least the following scenarios: 
· Case 1) (Unlicensed with LBT off) + DBTW disabled
· Case 2) (Unlicensed with LBT on) + DBTW enabled
· Case 3) (Unlicensed with LBT on) + DBTW disabled
· Case 4) (Licensed) + DBTW disabled
· FFS: Whether/how LBT on/off is indicated in MIB 
· If not indicated in MIB, then FFS whether/how the UE determines different sizes of DCI 1_0 with CRC scrambled by SI-RNTI
· FFS: whether any case(s) can be combined for DBTW signaling design and how to handle implications to DCI 1_0 size ambiguity if is not distinguished in signaling
· FFS: whether all above cases need an explicit indication
· FFS: Whether a single indication can be used for combination of more than one cases
· For 120 kHz SSB, enable/disable of DBTW is indicated by one or more of the following methods: 
· Option 1) signaling in MIB 
· Option 1-1) disabling DBTW is jointly coded with 
· Option 1-2) indicated by other bit fields in MIB
· FFS: among options 1-1 and 1-2
· Option 2) distinct GSCN used by the SSB
· Option 3) By comparing the value of   in MIB and DBTW length after UE reads SIB1 or by comparing the value of   in MIB and default DBTW length of 5 ms before UE reads SIB1.
· FFS: whether to support option 1, 2, 3, or any combination of the options.
· Note: enable/disable signaling of DBTW by MIB or GSCN does not preclude other signaling methods

Agreement:
If DBTW is supported,
· Working assumption: MIB signaling to support
· Alt A) indication of  at least for 120kHz SSB 
· In this case, the total number of values of  to not exceed 4
· Alt B) Explicit indication of SSB index and/or SSB candidate location 
· FFS on the details of signaling
· FFS between Alt A, or B, or supporting both
· Supported DBTW lengths 
· Alt 1) 0.5, 1, 2, 3, 4, 5 msec 
· Note: same as Rel-16 FR1 NR-U
· Alt 2) maximum 5 msec 
· FFS other values
· FFS between Alt 1 and 2
· Number of candidate positions when DBTW is enabled 
· For 120kHz SSB 
· FFS between 64 or 80
· If DBTW is additionally supported for 480/960kHz SSB 
· FFS between 64 or 128

Conclusion:
RAN1 will continue discussions to develop solutions for supporting DBTW

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.

SSB aspects
Agreement:
Whether or not to support 240 kHz, 480kHz and 960kHz SCS for SSB and the conditions under which SSB for 240 kHz, 480 kHz and 960 kHz may be supported will be decided no later than RAN1#104bis-e.
Agreement:
For 480 kHz and 960 kHz SSB SCS (if agreed)
· Study further on reserving symbol gap between SSB positions with different SSB index (and possibly between SSB position and other signal/channels)
· FFS: whether symbol gap is needed for only 960 kHz or both 480 and 960 kHz.
· Study further on reserving gap for UL/DL switching within the pattern accounting possibility for reserving UL transmission occasions in the SSB pattern
· Study should account for inputs from RAN4

Agreement:
For the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB
· Note: Strive to minimize specification impact due to the new SCS for SSB

Agreement:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For carrier frequencies within 52.6 GHz to 71GHz, support at least 𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· Other values of n (if any) are FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB

Agreement:
For 480kHz/960kHz SSB, select one of the following alternatives:
· ALT 1) First symbols of the candidate SSB have index {X, Y} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame
· value of X and Y are identical for 480kHz and 960kHz
· FFS: exact value of X and Y
· ALT 2) First symbols of the candidate SSB have index {4, 8, 16,20} + 28*n, where index 0 corresponds to the first symbol of the first slot in a half-frame
· Values of n for 480kHz and 960kHz for ALT 1 and 2
· FFS: whether number of values for ‘n’ depend on LBT operation (i.e. LBT vs no-LBT)
· FFS: exact values of ‘n’ for each SCS
· Values of ‘n’ for one mode of operation shall be strictly a subset of values for another mode of operation, if two mode of operation exist for number of candidate SSBs
· FFS: whether values of ‘n’ shall not be all consecutive integer values (i.e. non-candidate SSB slots are positioned every few candidate SSB slots)

Agreement:
For the case agreed in RAN1 #104bis-e where 480/960 kHz SSB location and SCS are explicitly provided to the UE (non-initial access) 
· Support configuring CORESET#0/Type0-PDCCH for the purpose of ANR/PCI confusion detection by down selecting from the following two alternatives
· Alt 1) Using dedicated signaling
· Alt 2) Using configuration in MIB
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.

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.

Type0-PDCCH aspects
Agreement:
For CORESET#0 and Type0-PDCCH search space configured in MIB:
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz
· Support at least SSB and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, number of symbols (duration of CORESET#0) that are supported in Rel-15/16 for {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS = {120, 120} kHz.
· FFS: Supporting additional values
· FFS: Supported values for SSB to CORESET#0 offset RBs
· If 480kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz
· If 960 kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {960, 960} kHz
· If 240 kHz SSB SCS is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {240, 120} kHz
· FFS: any other combinations between one of SSB SCS (120, 240, 480, 960) and one of CORESET#0 SCS (120, 480, 960)
· FFS: initial timing resolution based on low SCS (120 kHz) and its impact on the performance of higher SCS (480/960 kHz)

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

PRACH aspects
Agreement:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, 
· if 480kHz and/or 960 kHz SSB SCS is agreed to be supported, support 480 and/or 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.
· FFS: support of sequence length L = 571, 1151
· FFS: Support of 480 and/or 960 kHz PRACH SCS for initial access use cases, if 480 and/or 960 kHz SSB SCS is agreed to be supported for initial access

Agreement:
If 480 and/or 960 kHz PRACH SCS is supported, RAN1 should study whether or not the current RA-RNTI calculation and PRACH identification in RAR correctly provides unique identification of PRACH.
Agreement:
· PRACH configuration for 480/960 kHz SCS (if agreed)
· The minimum PRACH configuration period is 10 ms (as in FR2)
· For RO configuration for PRACH with 480/960kHz SCS,
· FFS: details of how to configure the 480/960 kHz PRACH ROs using [60 or 120 kHz] reference slot considering at least: 
· location of 480/960 kHz PRACH slot per reference slot
· location of duration containing 480/960khz PRACH slot pattern within 10ms
· potential impact to RA-RNTI calculation

Agreement:
For 480kHz and 960kHz PRACH, 
· Down-select among option 1 and 2
· Option 1) 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.
· FFS: supported values of the starting PRACH slot index  within reference slot and whether or not the ROs for a given PRACH configuration can span more than one PRACH slot if gaps between consecutive ROs are supported for LBT and/or beam switching purposes
· Option 2) Each 120kHz RO corresponds to 4 and 8 candidate RO positions for 480kHz and 960kHz PRACH, respectively. Information about the number and locations of 480/960kHz candidate RO(s) are configured or pre-selected within each 120kHz RO. The reference 120kHz RO is determined by the current PRACH configuration method in Rel-15/16 specification.
· Following alternatives are considered on PRACH density
· ALT 1) At least the same density (i.e. number of PRACH slots per reference slot) as for 120kHz PRACH in FR2 is supported
· FFS: support for higher PRACH slot density (number of PRACH slots per reference slot) 
· ALT 2) at least the same RO density (i.e. number of RO per reference slot) as for 120kHz PRACH in FR2 is supported 
· FFS: support for higher RO density
· An “example” illustration of PRACH slots for 480/960kHz is shown below:
[image: ]
· FFS: whether and how to account for LBT in RO configuration (if needed)
· FFS: whether and how to account for beam switching gap in RO configuration (if needed)

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:
· The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index,  , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.

Agreement:
For 480 and 960kHz PRACH:
· At least the same RO density in time domain (i.e. number of specified RO per reference slot according the PRACH configuration index) as for 120kHz PRACH in FR2 is supported
· FFS: Support gap between consecutive ROs in time domain and the details to derive the gap

Agreement:
For 480 and 960kHz PRACH,
· When a PRACH slot can contain all time domain PRACH occasions corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching,
· and when number of PRACH slots in a reference slot is 1,
·   for 480kHz and  for 960kHz PRACH
· and when the number of PRACH slots in a reference slot is 2,
·  for 480kHz and  for 960kHz PRACH 
· FFS:  values, when a PRACH slot cannot contain all time domain PRACH occasions, corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching.
· FFS: whether to allow for additional  values if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation)

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:
· The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index,  , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.

Agreement:
For 480 and 960kHz PRACH:
· At least the same RO density in time domain (i.e. number of specified RO per reference slot according the PRACH configuration index) as for 120kHz PRACH in FR2 is supported
· FFS: Support gap between consecutive ROs in time domain and the details to derive the gap

Agreement:
For 480 and 960kHz PRACH,
· When a PRACH slot can contain all time domain PRACH occasions corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching,
· and when number of PRACH slots in a reference slot is 1,
·   for 480kHz and  for 960kHz PRACH
· and when the number of PRACH slots in a reference slot is 2,
·  for 480kHz and  for 960kHz PRACH 
· FFS:  values, when a PRACH slot cannot contain all time domain PRACH occasions, corresponding to a PRACH Config. Index in Table 6.3.3.2-4 of 38.211 including gap(s) between consecutive PRACH occasions (if supported) to account for LBT and/or beam switching.
· FFS: whether to allow for additional  values if the maximum that can be configured for the number of FD RO’s is less than 8 (due to BW limitation)
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