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1 Introduction
In previous meetings, RACH procedure in NTN has been discussed and some initial proposals were made in the email discussion [1]. However, during the RAN2#107 meeting, some basic assumptions and parameters have been updated, which makes it necessary to re-discuss RACH procedure based on the updating. In this contribution, we will study the issues related to random access without location information.
2 Discussion
2.1 The extension of ra-ResponseWindow
During the RAN2#107 meeting, it was agreed to make the following revisions to the maximum differential delay:
	Max delay variation within a beam (earth fixed user equipment)
	16ms
	4.44ms (600km)

6.44ms (1200km)

	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km altitude


NOTE 6: The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It doesn’t preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.
According to the table, the maximum differential delay within a cell is 10.3ms for GEO and 3.18ms for LEO.  Based on the conclusion in [1], the RAR monitoring duration shall cover at least 2*maximum differential delay to prevent RAR from falling out of RAR window. Besides, scheduling flexibility of RAR should be considered which means several milliseconds should be added on top of the 2*maximum differential delay.

As a result, for the NTN UE, the maximum ra-ResponseWindow should be configured as:
 ra-ResponseWindow =X + 2*maximum differential delay, (X is the time for scheduling flexibility )
Considering that the maximum differential delay within a cell is 10.3ms or 16ms for GEO. The ra-ResponseWindow is definitely longer than 10ms which needs to be extended. For LEO, the maximum differential delay within a cell is 3.18ms or 6.44ms. For 3.18ms case, it may not be necessary to extend the window. But the scheduling flexibility is relatively low if the window is not extended. Besides, a unified solution for all scenarios is preferred for simplicity. Therefore we propose:
Proposal 1: The ra-ResponseWindow shall be extended in NTN for both GEO and LEO cases.

2.2 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 1 shows. However, the current formula cannot guarantee that the RA-RNTI is unique when the ra-ResponseWindow is extended to more than 10ms. 
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Figure 1. RAR window overlapping in NTN
In the NR-U WI, similar RA-RNTI issue was discussed [2] and the agreements of RAN2#107 were:

	· Will support extension of RAR window without modifying RA-RNTI. 

· Include LSBs of SFN in MSG2


So it may be proposed to reuse this approach. However, reusing this approach may still require large specs effort as the RAR format in NR-U cannot be directly reused in NTN. Besides, in NTN, the case is different from NR-U and there may be solution for this issue with smaller impact on the specs. 
Observation: Reusing the approach in NR-U will bring spec efforts as the RAR format in NTN cannot be the same as NR-U. Simpler solution can be investigated in NTN for RA-RNTI calculation.  
According to proposal 2, the minimum RO periodicity should be maximum differential delay *2 to enable the gNB to recognize the RO. This means many time occasions between the two ROs are not occupied by any RO and shouldn’t be associated with RA-RNTIs as Figure 4 shows.
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Figure 2. 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. 
This approach has the following advantages:

1) No change to RAR format is required.
2) Besides with the definition of t_id, the current formula is totally reused and the impact to the specs is minimum.
3) As 0 ≤ t_id ≤ 80, the total RA-RNTI space is not changed compared to the current formula. 

4) No RA-RNTI is allocated to the time occasions without RO which avoids RA-RNTI waste.
Proposal 2: Reuse the formula of Rel-15 and redefine the t_id for RA-RNTI calculation in NTN.
Proposal 3: Adopt the text proposal in the annex.
3 Conclusions
The paper discussed on Random access without UE location information and made the following proposals:
Proposal 1: The ra-ResponseWindow shall be extended in NTN for both GEO and LEO cases.

Observation: Reusing the approach in NR-U will bring spec efforts as the RAR format in NTN cannot be the same as NR-U. Simpler solution can be investigated in NTN for RA-RNTI calculation.  
Proposal 2: Reuse the formula of Rel-15 and redefine the t_id for RA-RNTI calculation in NTN.
Proposal 3: Adopt the text proposal in the annex.
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5 Text proposal
7.2.1.x.4 Random Access Response Window
After transmitting Random Access Preamble (Msg1), 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 a certain number of preambles have been sent, an appropriate random access problem will be indicated to upper layers. 

In NTN the propagation delay is much larger and therefore, the RAR cannot be reached at the UE within the time interval, of ra-ResponseWindow, having values specific to terrestrial networks.

A configurable offset should be introduced to delay the start of RAR window to compensate the propagation delay within NTN. 

For UE with UE location information, if the exact round trip delay can be estimated as an offset to delay the ra-ResponseWindow, there appears to be no need for extending the ra-ResponseWindow. FFS the offset is configured by network or derived by UE based on the estimated round trip delay.

For UE without UE location information, the exact round trip delay cannot be estimated to help decide an accurate offset to delay the start of the RAR window. 

Figure 7.2.1.x.4.1-1 illustrates a worst case in which a UE with minimum one way transmission delay and a UE with maximum one way transmission delay (e.g. locates at cell edge) initiate random access using the same time-frequency resource. 
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Figure 7.2.1.x.4.1-1. RAR window in NTN

Assuming the configured offset to delay the start of the RAR window equals to 2* minimum delay and neglecting the process delay between reception of preamble and transmission of RA Response at gNB side, it can be observed that the RAR monitoring duration shall cover at least 2*maximum differential delay. Otherwise RAR for UE will fall out of RAR window. The maximum differential delay is defined as maximum one way delay minus minimum one way delay. Furthermore, time flexibility is required for the NW to schedule the RARs which means several milliseconds should be added on top of the 2*maximum differential delay. The ra-ResponseWindow should be configured as:
ra-ResponseWindow =X + 2*maximum differential delay,
wherein X is the time for scheduling flexibility 
Note that the maximum differential delay within one beam-footprint is 10.3ms for GEO-NTN and 3.18ms for LEO-NTN but the RAR window is configured per cell level for initial access. For UE without UE location information, if the 2*maximum differential delay within a cell is larger than 10ms, RAR window should be extended, otherwise there is no need to extend the RAR Window in NTN.
As the maximum differential delay within a cell is 10.3ms for GEO, the 2*maximum differential delay within a cell is larger than 10ms. Therefore the ra-ResponseWindow shall be extended.
7.2.1.x.5 Calculation of RA-RNTI.
When the ra-ResponseWindow is extended. 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 updated. To keep the current formula unchanged, only t-id in the formula needs to be redefined. 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）
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).

Compared to the legacy formula, 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. 
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