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1 Introduction

This contribution mainly discuss the impact on RACH procedure due to large RTT in NTN scenario.
2 Discussion
To look into this issue, one needs to firstly split between RAN1 and RAN2 work. E.g., RAN1 would focus on the RACH preamble design, and thus would leads a conclusion on RO time length, which is further related to RO periodicity, while the MSG2 timer, i.e., ra-ResponseWindow, is in RAN2 scope.
Observation 1 RAN1 is working on RACH preamble design which may further affect RAN2 work on the setting of ra-ResponseWindow.
Focusing on RAN2 aspects, according to the agreement from RAN2#105, one left issue is whether the extension of MSG2 window is needed
2: 
The ra-ResponseWindow should be modified to support NTN.

3: 
Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios.

4: 
RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is needed to support NTN.
Assume that the RTT is in the range of RTT_min to RTT_max, considering that MSG2 window 
· Has to start in order to respond UE with RTT_min as early as possible, i.e., starts no later than 1.5 * RTT_min (considering 3-way siganling, i.e., DL signal propagation => MSG1 propagation => MSG2 propagation);

· Has to be long enough to cover UE with RTT_max, i.e., cannot stop before 1.5 * RTT_max. And furthermore, should allow some further delay in order to allow a margin for network processing, considering legacy MSG2 window setting only allows 10ms, i.e., similar margin can be assumed for NTN as well.
Therefore, the window length has to be 10ms + 1.5 * (RTT_max – RTT_min), for which some example is shown in the following Table 1.
Table 1 Example of ra-ResponseWindow Extension
	NTN scenarios
	A
	B
	C
	D

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	541.14 
	271.57 
	25.76 
	12.88 

	Minimum Round Trip Delay on the radio interface between the gNB and the UE
	477.14 
	238.57 
	8 
	4 

	MSG2 window length, i.e., 10+(RTT_max = RTT_min)
	106
	59.5
	36.64
	23.32


Therefore, the extension of MSG2 window is needed on top of offset of MSG2 window start.
Proposal 1 An extension of ra-ResponseWindow is needed in addition to an offset for the start of the ra-ResponseWindow to support NTN.
A further issue is whether the extension of MSG2 window would cause impact to RA-RNTI calculation, i.e., 

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), 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).

So that the issue is whether after the extension of MSG2 window, there would be two RO with same s_id/t_id/f_id combination that fall into the same MSG2 window.

Observation 2 The key issue is whether the extended ra-ResponseWindow would cover more than one RO with same s_id/t_id/f_id combination.
The length of RO has to be set as
· At least can cover MSG1 from UE with RTT_min (considering 2-way siganling, i.e., DL signal propagation => MSG1 propagation)
· At most can cover MSG1 from UE with RTT_max

Therefore, the length of RO has to be RTT_max – RTT_min
Table 2 Example of ra-ResponseWindow Extension
	NTN scenarios
	A
	B
	C
	D

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	541.14 
	271.57 
	25.76 
	12.88 

	Minimum Round Trip Delay on the radio interface between the gNB and the UE
	477.14 
	238.57 
	8 
	4 

	MSG2 window length, i.e., 10+1.5 * (RTT_max = RTT_min)
	106
	59.5
	36.64
	23.32

	RO length, i.e., RTT_max – RTT_min
	64
	33
	17.76
	8.88

	MSG2 window length / RO length
	1.65625
	1.803030303
	2.063063063
	2.626126126


Therefore, a MSG2 window (if set as 10+1.5 * (RTT_max = RTT_min)) may cover 2 to 3 RO, as long as the network configuration can ensure the configuration of 
1) RO length, and
2) ra-ResponseWindow
can avoid that the n-th RO, n+1-th RO, n+2-th RO, having the same s_id/t_id combination, where the interval between adjacent RO can be set as RTT_max – RTT_min as the minimum value. 
After testing the combination of value combinations above in Table 2, it is verified that these values can already satisfy the requirement. In fact, as long as the network avoids the configuration of RO periodicity of the following value
· For slot index, i.e., t_id, as 40 or 80;
· For symbol index, s_id, as 7 or 14
The ambiguity can be avoided.

Observation 3 According to the typical value of RTT, network configuration can already ensure the same s_id/t_id/f_id combination is not covered in the same ra-ResponseWindow.
Proposal 2 No spec impact is needed to handle RA-RNTI collision due to extended ra-ResponseWindow.
3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
RAN1 is working on RACH preamble design which may further affect RAN2 work on the setting of ra-ResponseWindow.
Observation 2
The key issue is whether the extended ra-ResponseWindow would cover more than one RO with same s_id/t_id/f_id combination.
Observation 3
According to the typical value of RTT, network configuration can already ensure the same s_id/t_id/f_id combination is not covered in the same ra-ResponseWindow.


And thus we propose:
Proposal 1
An extension of ra-ResponseWindow is needed in addition to an offset for the start of the ra-ResponseWindow to support NTN.
Proposal 2
No spec impact is needed to handle RA-RNTI collision due to extended ra-ResponseWindow.
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