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1. Introduction
In this contribution, we would like to present some discussions about the potential impact on RA-RNTI calculation for 480 and 960kHz PRACH. Some relevant agreements in previous RAN1 meetings are listed in the Appendix.
2. Discussion
During the previous meetings, some agreements on 480 and 960kHz PRACH have been achieved. Although the RO configuration has not been fully determined, we share some 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 1: When calculating RA-RNTI for 480kHz and 960kHz PRACH, the following should be considered to uniquely identify a RO:
· 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 proposal.
Proposal 1: When calculating RA-RNTI for 480kHz and 960kHz PRACH, the following should be considered to uniquely identify a RO:
· 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[1]
	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[2]
	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[3]
	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)

	RAN1#106-e[4]
	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)

	RAN1#106-e[5]
	Conclusion:
Do not support gap between consecutive ROs for 480kHz and 960kHz
Agreement:
Additionally, support PRACH length L=571 for 480kHz
 Agreement:
Support 120 kHz and 480 kHz subcarrier spacing for initial UL BWP for PCell.
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