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1 Introduction
The propagation delay in NTN is much larger than that for terrestrial network. This would have impact on RACH procedure which is assumed to measure and compensate the propagation delay in the current system.In this contribution we will discuss the potential impacts of large delay on RACH procedure.
2 Discussion
2.1 Preamble receiving window

In terrestrial network, the network receives the RACH preamble at the same time with the RACH occasion configured in SIB1 since the propagation delay is too small for all UEs. In NTN, however, the propagation delay is much larger and is very different for UEs with different locations. Therefore, the preambles sent by different UEs in the same RACH occasion may reach the gNB at different time. Thus a preamble receiving window is needed to cover the large differential delay for different UEs as shown in the figure above. The preamble receiving window could start from [RO timing + minimum one way delay*2] and end with [RO timing +maximum one way delay*2] to make sure the gNB can receive preambles from all the UEs.
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Figure1. Preamble receiving window in NTN
Proposal 1: The gNB should maintain a preamble receiving window for each RO to cover the large differential delay for different UEs, which starts from [RO timing + minimized one way delay*2] and end with [RO timing +maximum one way delay*2].
2.2 Minimum RO periodicity
To measure the propagation delay of a UE, when a preamble is received, the network needs to know which RO the preamble is related to. As mentioned in proposal 1, gNB should maintain a receiving window for each RO in NTN. Therefore if the RO periodicity is two small, two receiving windows may be overlapped with each other. In this case, it is hard for the gNB to recognize the related RO when a preamble is received.
Thus the gNB needs to properly assign the RO configuration so that the preamble receiving windows for different ROs are not overlapped. As shown in Figure 2, the RO periodicity shall not be smaller than the length of preamble receiving window, i.e. (maximum one way delay - minimized one way delay)*2.
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Figure 2. Minimum RO periodicity in NTN
Proposal 2: the RO periodicity shall not be smaller than the length of preamble receiving window, i.e. (maximum one way delay - minimized one way delay)*2.

2.3 The extension of ra-ResponseWindow
In previous RAN2 meeting, it was agreed to introduce an offset for the start of the ra-ResponseWindow:
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 terrestrial network, there is a RAR reception window to allow the scheduling flexibility of RAR and the maximum value of the window is 10ms. In NTN, similar to the preamble receiving window at gNB side, the configuration of the length RAR window also needs to consider the differential delay for different UEs besides the scheduling flexibility. Therefore for the NTN UE, the maximum ra-ResponseWindow should be configured as:
 ra-ResponseWindow =10ms + (maximum one way delay - minimized one way delay)*2
Proposal 3: the ra-ResponseWindow shall be extended to consider both scheduling flexibility of RAR and the maximum differential delay among the UEs.

2.4 The calculation of RA-RNTI
In terrestrial network, the RAR windows corresponding to different ROs may be overlapped. To resolve the confusion for RAR in the overlapping case, the formula of RA-RNTI calculation (as below) is designed to make sure the RA-RNTI is unique within 10ms which is the maximum length of the ra-ResponseWindow. In this case, the UE could differentiate the RARs corresponding to different ROs even if their RAR windows overlap.

	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).


In NTN, the ra-ResponseWindow may be extended as proposed above. Once again, two RAR windows may overlap with each other as Figure 3 shows. However, the current formula cannot guarantee that the RA-RNTI is unique when the ra-ResponseWindow is extended to more than 10ms. Therefore the formula in NTN needs to be changed.
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Figure 3. RAR window overlapping in NTN
But how to design the formula in NTN? As far as we can see, the new formula needs to be updated based on the current formula. As indicated in [1], directly introducing a new parameter in the formula, e.g. SFN, to make the RA-RNTI unique within a span of more than 10ms is not preferred as it may consume two much RNTI space. Therefore, we should consider the options to keep the required RA-RNTI space untouched and the formula unchanged, if possible. 

According to proposal 2, the minimum RO periodicity should be (maximum one way delay - minimized one way delay)*2 to enable the gNB to recognize the RO. This means many time occasions between two ROs are not occupied and shouldn’t be associated with RA-RNTIs as Figure 4 shows.
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Figure 4. RO configuration in NTN
Therefore we can keep the current formula unchanged and just redefine t-id in the formula to allocate RA-RNTIs only to the configured ROs and to make sure RA-RNTIs are unique within the extended RAR window. The formula is illustrated below: 
	RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id

wherein, t_id= ceiling((SFN_id×80 + slot_id) /periodicity)mod（80）


As can be seen, t_id is redefined with SFN_id for the uniqueness of RA-RNTI. And t_id is redefined with periodicity to allocate RA-RNTIs only to the configured ROs. As 0 ≤ t_id ≤ 80, the total RA-RNTI space is not changed compared to the current formula. Besides with the definition of t_id, the current formula is totally reused and the impact to the specs is minimum. 
Proposal 4: Reuse the formula of Rel-15 and redefine the t_id for RA-RNTI calculation in NTN.
Proposal 5: Adopt the text proposal in the annex.
3 Conclusions
The paper discussed on the RACH impact due to long propagation delay and made the following proposals:
Proposal 1: The gNB should maintain a preamble receiving window for each RO to cover the large differential delay for different UEs, which starts from [RO timing + minimized one way delay*2] and end with [RO timing +maximum one way delay*2].
Proposal 2: the RO periodicity shall not be smaller than the length of preamble receiving window, i.e. (maximum one way delay - minimized one way delay)*2.
Proposal 3: the ra-ResponseWindow shall be extended to consider both scheduling flexibility of RAR and the maximum differential delay among the UEs.

Proposal 4: Reuse the formula of Rel-15 and redefine the t_id for RA-RNTI calculation in NTN.
Proposal 5: Adopt the text proposal in the annex.
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5 Text proposal
7.2.1.1
Random Access

7.2.1.1.1

4-Step RACH Procedure

Problem Statement

After transmitting the Random Access Preamble (Msg1), the UE monitors the PDCCH for the Random Access Response (RAR) message (Msg2).  The response window (ra-ResponseWindow) starts at a determined time interval after the preamble transmission. If no valid response is received during the ra-ResponseWindow, a new preamble is sent. If more than a certain number of preambles have been sent, a random access problem will be indicated to upper layers. [TS 38.321] 

In terrestrial communications, the RAR is expected to be received by the UE within a few milliseconds after having sent the preamble. In NTN the propagation delay is much larger and therefore, the RAR cannot be reached at the UE within the specified time interval. Therefore, the behavior of ra-ResponseWindow should be modified to support NTN.

Possible Solution

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


Problem Statement

In terrestrial network, the network receives the RACH preamble at the same time with the RACH occasion configured in SIB1 since the propagation delay is too small for all UEs. In NTN, however, the propagation delay is much larger and is very different for UEs with different locations. Therefore, the preambles sent by different UEs in the same RACH occasion may reach the gNB at different time. Thus a preamble receiving window is needed to cover the large differential delay for different UEs as shown in the figure above. The preamble receiving window could start from [RO timing + minimum one way delay*2] and end with [RO timing +maximum one way delay*2] to make sure the gNB can receive preambles from all the UEs.
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Figure1. Preamble receiving window in NTN
Possible Solution

The gNB should maintain a preamble receiving window for each RO side is needed to cover the large propagation delay and differential delay for different UEs, which with the starts time of from [RO timing + minimized one way delay*2] and end with [RO timing +maximum one way delay*2]the length of (maximum one way delay - minimized one way delay)*2.
Problem Statement

To measure the propagation delay of a UE, when a preamble is received, the network needs to know which RO the preamble is related to. As mentioned above, gNB should maintain a receiving window for each RO in NTN. Therefore if the RO periodicity is two small, two receiving windows may be overlapped with each other. In this case, it is hard for the gNB to recognize the related RO when a preamble is received.
Thus the gNB needs to properly assign the RO configuration so that the preamble receiving windows for different ROs are not overlapped. As shown in Figure 2, the RO periodicity shall not be smaller than the length of preamble receiving window, i.e. (maximum one way delay - minimized one way delay)*2.
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Figure 2. Minimum RO periodicity in NTN
Possible Solution

The RO periodicity shall not be smaller than the length of preamble receiving window, i.e. (maximum one way delay - minimized one way delay)*2.
Problem Statement

In terrestrial network, there is a RAR reception window to allow the scheduling flexibility of RAR and the maximum value of the window is 10ms. In NTN, similar to the preamble receiving window at gNB side, the configuration of the length RAR window also needs to consider the differential delay for different UEs besides the scheduling flexibility.
Possible Solution

For the NTN UE, the maximum ra-ResponseWindow should be configured as:
 ra-ResponseWindow =10ms + (maximum one way delay - minimized one way delay)*2
Problem Statement

In terrestrial network, the RAR windows corresponding to different ROs may be overlapped. To resolve the confusion for RAR in the overlapping case, the formula of RA-RNTI calculation (as below) is designed to make sure the RA-RNTI is unique within 10ms which is the maximum length of the ra-ResponseWindow. In this case, the UE could differentiate the RARs corresponding to different ROs even if their RAR windows overlap.

In NTN, the ra-ResponseWindow may be extended as proposed above. Once again, two RAR windows may overlap with each other as Figure 3 shows. However, the current formula cannot guarantee that the RA-RNTI is unique when the ra-ResponseWindow is extended to more than 10ms. Therefore the formula in NTN needs to be changed.
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Figure 3. RAR window overlapping in NTN
Possible Solution

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

wherein, t_id= ceiling((SFN_id×80 + slot_id) /periodicity)mod(80）
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), slot_id is the index of the first slot of the PRACH occasion in a system frame, SFN_id is the index of the system frame, periodicity is the RO periodicity, 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).
Problem Statement

When the UE sends an RRC Connection Request (Msg3), it will monitor for Msg4 in order to resolve a possible random-access contention. The ra-ContentionResolutionTimer starts after Msg3 transmission. The maximum configurable value of ra-ContentionResolutionTimer is large enough to cover the RTD in NTN. However, to save UE power, the behavior of ra-ContentionResolutionTimer should be modified to support NTN.

Possible Solution

Introduce an offset for the start of the ra-ContentionResolutionTimer for NTN.
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