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1 Introduction
The propagation delay in NTN is much higher than that for terrestrial network. This would impact on RACH procedure which is assumed to measure and compensate the propagation delay in the current system。
In this contribution we will discuss on possible impacts on RACH procedure.
2 Discussion
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Figure1 msg1/msg2 timing for NTN
In terrestrial network, the network receives the RACH preamble in the exact RO timing configured by the network in sib1 since the propagation delay is very small comparing with slot duration. In NTN, a preamble receiving window is needed to cover the large propagation delay and differential delay for different UEs as shown in the figure above. The preamble receiving window could start from [RO timing + minimized one way delay*2] with the length of (maximum one way delay - minimized one way delay)*2.

Observation 1: A preamble receiving window in gNB side is needed to cover the large propagation delay and differential delay for different UEs with the start time of [RO timing + minimized one way delay*2] and the length of (maximum one way delay - minimized one way delay)*2.
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Figure 2 RO periodicity timing for NTN
To measure the propagation delay of a UE, when a preamble is received, the network needs to know to which RO the preamble is related. I.e. the gNB needs to properly assign the RO configuration so that the preamble receiving window for different RO are not overlapped. This means that the RO periodicity shall not be smaller than the length of preamble receiving window (maximum one way delay - minimized one way delay)*2.
Observation 2: the RO periodicity shall not be smaller than the length of preamble receiving window (maximum one way delay - minimized one way delay)*2.

In last RAN2 meeting, it was agreed to introduce an offset for the start of the ra-ResponseWindow as below:
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.

In current system, there is a 10ms windows for RAR reception to allow the scheduling flexibility of RAR. In NTN, the RAR window also needs to cover the differential delay for different UEs. For example, as shown in figure1, if the start of the ra-ResponseWindow is configured as the minimized one way delay*2, for the UE with maximum propagation delay, at least (maximum one way delay - minimized one way delay)*2 is needed to cover the differential delay. Therefore for the NTN UE, the maximum configurable ra-ResponseWindow should be:

 ra-ResponseWindow =10ms + (maximum one way delay - minimized one way delay)*2
Proposal 1: the ra-ResponseWindow shall be extended to cover the maximum differential delay.
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Figure 3 RAR window overlap
In the current system, the RAR window corresponding to different RO may be overlapped. To resolve the confusion for RAR in such case, the input of RA-RNTI calculation includes the slot number of the RO which would be unique with in 10ms as below. With this RA-RNTI, the UE could differentiate the RAR correspoing for different RO even if their RAR window overlaps.

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).
If we extend the RAR window, one question followed is that whether the formula for RA-RANTI would be changed since the RA-RNTI would not be unique for the RAR window longer than 10ms. However, as we observed in observation1 and observation 2, the minimized RO periodicity is enlarged also. This means the overlap between the two RAR window is still 10ms although the RAR window is extended as shown in the figure above. More study is needed on how to make minimized change to this RA-RANTI formula for the long RAR window considering the restriction that the overlap part is still within 10ms.
Proposal 2: More study is needed on how to make minimized change to the RA-RANTI formula for the long RAR window considering the restriction that the overlap part between two adjacent windows is still within 10ms.
3 Conclusions
The paper discussed on the RACH impact due to long propagation delay and made the following proposals:
Observation 1: A preamble receiving window in gNB side is needed to cover the large propagation delay and differential delay for different UEs with the start time of [RO timing + minimized one way delay*2] and the length of (maximum one way delay - minimized one way delay)*2.
Observation 2: the RO periodicity shall not be smaller than the length of preamble receiving window (maximum one way delay - minimized one way delay)*2.

Proposal 1: the ra-ResponseWindow shall be extended to cover the maximum differential delay.
Proposal 2: More study is needed on how to make minimized change to the RA-RANTI formula for the long RAR window considering the restriction that the overlap part between two adjacent windows is still within 10ms.
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