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1. Introduction
In this contribution, we would like to present some discussions about RO configuration and RA-RNTI. Some relevant agreements in previous RAN1 meetings are listed in the Appendix.
2. Discussion
[bookmark: _Hlk60833317]2.1 RO configuration
As indicated in the WID[1], for RO configuration, non-consecutive ROs in time domain should be studied. 
	· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum.


It was discussed in NR-U, considering that LBT for a PRACH transmission for a UE may fail due to the previous PRACH transmission from another UE in same PRACH slot. For NR-U, only 15 kHz and 30 kHz SCS are supported. For FR2-2 (52.6~71GHz), the SCS of PRACH is 120/480/960 kHz. For 120/480/960 kHz SCS, since the duration of LBT could be longer in terms of the number of symbols than that for 15kHz or 30kHz SCS, the potential blocking issue might be severer. For example, when the SCS of PRACH is 120/480/960 kHz, the LBT for a PRACH transmission may fail due to any one of previous 2 or more PRACH transmissions from other UEs. Therefore, for FR2-2, it would be necessary to support non-consecutive ROs in time domain (i.e., support gaps between consecutive ROs in time domain). Meanwhile, the gap between ROs is also beneficial for beam switching at the high frequency. 
In the last meeting, the following agreement was made for RO configuration. Two options were identified for down selection.
	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)


Considering the gap between ROs discussed above, Option 2) supports the gap by nature. For Option 1), some simple methods could be adopted to support the gap. For example, configurable number of symbols between consecutive ROs could be reserved as a gap. 
As for down selection among Option 1) and Option 2), since Option 1) is more aligned with the RO configuration framework in Rel-15/16 than Option 2), if it supports the gap, it is slightly preferred. 
[bookmark: OLE_LINK1]Proposal 1: For 480kHz and 960kHz PRACH, support gaps between consecutive ROs in time domain. 
· If Option 1) supports gaps between consecutive ROs, it is preferred because it is more aligned with the legacy PRACH configuration framework than Option 2).
· If Option 1) does not support gaps between consecutive ROs, Option 2) is preferred because it supports the gaps by nature.
[bookmark: _Hlk78730858]In the agreement above, another discussion point is regarding PRACH density. Without assumption of PRACH configuration framework, we do not see the essential differences between the two alternatives. In our understanding, it could be concluded after discussion on gaps between consecutive ROs and down selection of the two options. For example, if Option 1) is selected and it supports the gaps, or if Option 2) is selected, it will be straightforward and preferred to adopt Alt 2) for further discussion on higher PRACH density. Otherwise (i.e., if Option 1) is selected and it does not support the gaps), there would be no difference between the baseline of the two alternatives and either of the two is fine for way forward. 
Observation 1: For PRACH density, without assumption on PRACH configuration framework, there seems no essential difference between the two alternatives. It could be concluded after discussion on gaps between consecutive ROs and down selection of the two options for PRACH configuration.
Proposal 2. For PRACH density, if gaps between consecutive ROs are supported (by Option 1) or Option 2)), adopt Alt 2) for further discussion on higher density. Otherwise, it is fine to adopt Alt 1) or Alt 2), because there would be no difference between the baseline of the two alternatives.
2.2 RA-RNTI
As aforementioned, the PRACH configuration and the PRACH density for 480/960 kHz SCS is subject to down-selection. In this section, we share some further discussions on the potential impact on RA-RNTI calculation.
According to TS 38.321, RA-RNTI for 4-step RACH and MSGB-RNTI for 2-step RACH are calculated as follows:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id.
MSGB-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2.
These equations cannot be directly reused for 480/960kHz PRACH. If 480 and/or 960 kHz PRACH SCS is supported, the value range of t_id will be extended. As t_id is the index of the first slot of the RO in a system frame (10ms), it can take the maximum value 79 in case of 120kHz PRACH SCS. If 480kHz (or 960kHz) PRACH SCS is supported, the maximum value of t_id becomes 319 (or 639). Due to the much larger t_id, the calculated RA-RNTI or MSGB-RNTI can be out of the range of 16-bit RNTI (65535). For example, if the above equation is used to calculate RA-RNTI and the value ranges of the other parameters (except t_id) are not changed, then the calculated RA-RNTI values can be up to 71680 and 143360 for 480kHz and 960kHz respectively. For either 480kHz or 960kHz, the calculated RA-RNTI value can be out of the range of 16-bit RNTI. The case of 960kHz PRACH SCS is further shown in Figure 1. Wherein RA-RNTI values for both RO1 and RO2 are out of the range of 16-bit RNTI. 


Figure 1. An example showing the RA-RNTI issue for 960kHz SCS
Also, whether SUL or 2-step RACH is supported will have an impact on the maximum value of RA-RNTI and MSGB-RNTI. Although whether to support SUL or 2-step RACH for 52.6~71GHz has not been determined, Table 1 provides an analysis on whether RA-RNTI/MSGB-RNTI is out of the range for all the potential assumptions. According to the calculation, RA-RNTI/MSGB-RNTI will be out of the range for most of the cases. 
Table 1. RA-RNTI/MSGB-RNTI subjected to SUL and 2-step RACH
	
	2-step RACH not supported
	2-step RACH supported

	SUL not supported
	480kHz: 
RA-RNTI within the range

960kHz: 
RA-RNTI out of the range
	480kHz: 
RA-RNTI within the range, 
MSGB-RNTI out of the range

960kHz: 
RA-RNTI out of the range, 
MSGB-RNTI out of the range

	SUL supported
	480kHz: 
RA-RNTI out of the range 

960kHz: 
RA-RNTI out of the range
	480kHz: 
RA-RNTI out of the range, 
MSGB-RNTI out of the range

960kHz: 
RA-RNTI out of the range, 
MSGB-RNTI out of the range


To address the out-of-range issue, one alternative can be putting some constraints onto the RO configuration such that a RO is not allowed to occur in a slot corresponding to an out-of-range RA-RNTI/MSGB-RNTI. However, it has some limitations on the RO configuration flexibility since only a small portion of slots in a system frame can be used for RO. Another alternative can be obtained by redefining t_id and using additional DCI signaling. This is explained also based on Figure 1. When calculating RA-RNTI/MSGB-RNTI, t_id is numbered from 0 to I1, and every I2+1 slots correspond to the same t_id. By this way, the maximum value of t_id can be reduced such that RA-RNTI/MSGB-RNTI will not be out of the range. To further distinguish the slots with the same t_id, DCI scheduling RAR is used to indicate a local index 0~I2 among these slots. By using the combination of RA-RNTI/MSGB-RNTI and DCI indication, a RO with 480/960 kHz SCS can be uniquely identified.
Proposal 3: For 480kHz and 960kHz PRACH, the following should be considered to uniquely identify a RO:
· When calculating RA-RNTI, t_id is determined in a way that more than one slot can have the same t_id; and
· DCI scheduling RAR indicates the local index among the slots having the same t_id.
3. Conclusion
According to the discussions above, we have the following proposals.
Proposal 1: For 480kHz and 960kHz PRACH, support gaps between consecutive ROs in time domain. 
· If Option 1) supports gaps between consecutive ROs, it is preferred because it is more aligned with the legacy PRACH configuration framework than Option 2).
· If Option 1) does not support gaps between consecutive ROs, Option 2) is preferred because it supports the gaps by nature.
Observation 1: For PRACH density, without assumption on PRACH configuration framework, there seems no essential difference between the two alternatives. It could be concluded after discussion on gaps between consecutive ROs and down selection of the two options for PRACH configuration.
Proposal 2. For PRACH density, if gaps between consecutive ROs are supported (by Option 1) or Option 2)), adopt Alt 2) for further discussion on higher density. Otherwise, it is fine to adopt Alt 1) or Alt 2), because there would be no difference between the baseline of the two alternatives.
Proposal 3: For 480kHz and 960kHz PRACH, the following should be considered to uniquely identify a RO:
· When calculating RA-RNTI, t_id is determined in a way that more than one slot can have the same t_id; and
· DCI scheduling RAR indicates the local index among the slots having the same t_id.

Appendix: relevant agreements
	RAN1#104-e[2]
	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.
R1-2102073	[Draft] LS on beam switching gap for 60 GHz band	Intel Corporation
Decision: The draft LS is endorsed. Final LS is approved in R1-2102202.

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 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 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 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 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.

	RAN1#104bis-e[3]
	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:
· 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

	RAN1#105-e[4]
	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)
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