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1 Introduction
The maximum value of the ra-ResponseWindow is limited to 10ms in Rel-15 [1]. During the NR-U SI there have been proposals to extend the value of ra-ResponseWindow, because it is expected that the network might require more time to transmit the RAR when the random access procedure is performed in unlicensed spectrum, due to potential LBT failures.
The maximum value of ra-ResponseWindow influences the range of RA-RNTI values that can be supported, and therefore the RA-RNTI formula has to be updated.
The ra-ResponseWindow range and corresponding changes to RA-RNTI formula have been discussed in email discussion [4], and the following agreement has been made in RAN2#105bis [5]:
	R2 assumes the maximum RAR window size is extended to [20] ms



However, the new RA-RNTI formula has not been agreed yet. In this contribution, we present an updated RA-RNTI formula that allows the extension of RAR-window without increasing the RA-RNTI space.
2 Discussion
The formula for RA-RNTI in Rel-15 is specified in 38.321 as [2]:
	The RA-RNTI associated with the PRACH 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 specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < 80), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).



We note that the t_id in the RA-RNTI represents the slot index in a system frame and the range depends on the subcarrier spacing (SCS). For example, for 15 kHz SCS, the range of t_id is {0-9}; for 30 kHz SCS, the range of t_id is {0-19} and so on. The range {0-79} is for 120 kHz SCS. This means that some RA-RNTI values cannot be valid for certain SCS. For example, for SCS = 15 kHz, the t_id’s {10-79} cannot be used as input to the RA-RNTI calculation, therefore the corresponding RA-RNTIs will be unused. For SCS = 30 kHz, the t_id’s {20-79} cannot be used as input to the calculation and the corresponding RA-RNTIs will be unused, and so on.
One option for extending the ra-ResponseWindow is to make it possible for all SCS to use the full range of t_id, {0-79}, by changing the definition of the t_id parameter. Instead of corresponding to the slot index in a system frame, t_id could correspond to the slot index in a number of system frames. The number of system frames would depend on the SCS.
For example:
· For 15 kHz SCS, each slot is 1ms. Therefore 80 slots take 80ms and we can extend the ra-ResponseWindow to 80ms by using the full range of t_id, i.e. {0-79}. The t_id would represent to the slot index within 8 system frames.
· For 30 kHz SCS, each slot is 0.5ms. Therefore 80 slots take 40ms and we can extend the ra-ResponseWindow to 40ms by using the full range of t_id, i.e. {0-79}. The t_id would represent the slot index within 4 system frames.
Table 1 below provides maximum possible ra-ResponseWindow value corresponding to each SCS:
	SCS
	Maximum ra-ResponseWindow value

	15 kHz
	80ms

	30 kHz
	40ms

	60 kHz
	20ms

	120 kHz
	10ms


[bookmark: _Ref862574]Table 1: RAR window size with Option 1
The new formula for the RA-RNTI based on this approach would be:
	RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
Where:
· t_id is of the range (0 ≤ t_id < 80), and corresponds to ( +  * (SFN mod (8/2µ)))
·  is the slot index as defined in 38.211, 4.3.1 of the first slot of the PRACH occasion transmitted in system frame SFN
·  corresponds to number of slots in a frame as defined in 38.211, 4.3.1


The definition of the parameters used in the formula above are reproduced in Table 2 and Table 3 from 38.211 [3]:
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal
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	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16


[bookmark: _Ref863116]Table 3: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal cyclic prefix.
Note that  is defined as .
This solution has the following advantages:
· It does not require any changes to the existing RA-RNTI formula (only extends the definition of t_id parameter), while allowing the extension of ra-ResponseWindow
· For SCS below 60 kHz, which are expected to be used in sub-6 GHz NR-U operation, the ra-ResponseWindow can be extended to at least 20ms as per the RAN2 agreement.
· It does not require expansion of the RNTI space used by RA-RNTI
Proposal: For NR-U, RA-RNTI is computed using the formula below.	
	RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
Where:
· t_id is of the range (0 ≤ t_id < 80), and corresponds to ( +  * (SFN mod (8/2µ)))
·  is the slot index as defined in 38.211, 4.3.1 of the first slot of the PRACH occasion transmitted in system frame SFN
·  corresponds to number of slots in a frame as defined in 38.211, 4.3.1




3 Conclusion
In this contribution, we propose to adopt the following RA-RNTI formula in MAC, which allows the extension of ra-responseWindow without increasing the RA-RNTI space:
Proposal: For NR-U, RA-RNTI is computed using the formula below.	
	RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
Where:
· t_id is of the range (0 ≤ t_id < 80), and corresponds to ( +  * (SFN mod (8/2µ)))
·  is the slot index as defined in 38.211, 4.3.1 of the first slot of the PRACH occasion transmitted in system frame SFN
·  corresponds to number of slots in a frame as defined in 38.211, 4.3.1
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