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1 Introduction
Large propagation delay and wide geographical coverage of beams result in significant delay difference within an NTN beam, as perceived by the UE. This delay difference can impact the Random Access (RA) procedure of NTN by generating preamble ambiguity and updating the RA Response (RAR) window. In this contribution we discuss preamble ambiguity and ra-ResponseWindow updates and provide outlines of possible solutions.

2 Discussion

2.1 RA Preamble Configuration
Transmission delay and delay difference for different NTN scenarios, as mentioned in 3GPP TR 38.321 [1] are provided in the table below:
Table 8.1-1: NTN scenarios [1]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent 
	GEO regenerative 
	LEO transparent 
	LEO regenerative payload

	Satellite altitude
	35,786 km
	600 km

	Relative speed of Satellite w.r.t. earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 5° for feeder

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 1000 km
	50 km / 500 km

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	541.75 ms (Worst case)
	270.57 ms
	28.41 ms
	12.88 ms

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

	Maximum Delay variation as seen by the UE (note 2)
	Negligible
	Up to +/- 40 µs/sec 
	Up to +/- 20 µs/sec

	Maximum delay difference within a NTN beam as seen by UE (note 3)
	16 ms (Worst case)
	4.44 ms

	NOTE 1: The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design and radio resource management strategy in a given system.
NOTE 2: The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario
NOTE 3: The delay difference compares the delay (function of UE-satellite-NTN gateway distance) experienced by two different UEs served by the same beam at a given time



As shown in the table above, the large transmission delay in NTN results in high delay difference experienced by two different UEs served by the same beam at a given time. For GEO-NTN the worst-case delay difference could be as high as 16 ms (i.e. more than a system frame time). For LEO-NTN the maximum delay difference could be up to 4.44 ms. 
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[bookmark: _Ref7701543]Figure 1: Ambiguity in RACH Preamble Detection
Thus, as shown in Figure 1, in a GEO-NTN, if two UEs initiate the same RACH Opportunity (RO), using the same RA-RNTI, in consecutive system frames, there is a non-zero probability that the separation of ROs can be less than the delay difference (<= 16ms) between the two UEs’ propagation paths. In that case, the preamble of the two UEs can fall into the same processing window of gNB, leading to a preamble ambiguity, as both the UEs have used the same RA-RNTI.
Observation 1: The difference in round-trip delay within a GEO-satellite beam can more than one frame (up to 16 ms). This might result in ambiguity of RA preamble reception, if the time interval between two consecutive RACH opportunities is less than the maximum differential round-trip time.

Ambiguity in RA preamble reception can result in gNB’s inability to estimate correct timing advance, thereby leading to improper behaviors in both UE and gNB. Thus, RAN2 need to study and find out suitable solutions for avoiding this ambiguity of RA preamble reception in GEO-NTN. Some possible solutions are mentioned below:
1) Using UEs’ locations, network can group the UEs based on ROs, such that ROs with separation less than maximum delay difference are always assigned with different preambles

2) As mentioned in [2], network can use frequency hopping of preambles to identify the RO based on the specific frequency band in which the preamble is received

3) Network maintains the current configuration, but ensure that two consecutive ROs are always separated in the time domain by an interval larger than the maximum delay difference.

Proposal 1: RAN2 should study and find out suitable solutions for avoiding the ambiguity of RA preamble reception in NTN. Solutions can include (i) grouping of UEs based on ROs (ii) frequency hopping (iii) ensuring two consecutive ROs are separated by more than maximum delay difference.

Solutions, which reply on grouping of UEs based on RO or ensuring time difference between two consecutive ROs to be more than maximum delay difference can reduce the RACH capacity, as not all PRACH configurations can satisfy these conditions. However, the coverage and capacity of GEO-NTN could be enhanced by configuring one or more LEO satellites. Hence, RAN2 should study whether the reduced RACH capacity is reasonable for regular operations of GEO-NTN.
Observation 2: Solutions, which rely on RO-based grouping of UEs or ensuring time difference between two consecutive ROs to be more than maximum delay difference, might reduce RACH capacity.

Proposal 2: RAN2 should study whether the reduced RACH capacity is reasonable for regular operations of GEO-NTN. One or more LEO satellites can be configured to supplement the RACH capacity of GEO-NTNs.


2.2 Configuring RA Response Window
After transmitting Random Access Preamble (Msg1), UE monitors the PDCCH for the Random Access Response (RAR) message (Msg2) [5]. 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. Thus, in RAN2#104, an email discussion [3] is carried out to identify the impacts NTN’s large RTD on user RAR Window and subsequently discuss the viable solutions. The major related agreements [4] made in RAN2#105 are mentioned in the following table:
Agreements

1. The two principles, increasing the value range and applying a RTD compensation offset, and the joint usage of these two principles are used as a starting point for the discussion on how to adapt the user plane timers, impacted by the large RTD of NTN, for NTN. Which principle is applied is examined for each timer separately. Further principles are not excluded. 
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.

However, note that, ra-ResponseWindow is actually designed to determine the latest time when the network can transmit the RAR message. Hence, ResponseWindow should typically reflect network processing delay.
Observation 3: RA Response window is designed to determine the latest time when the network can transmit the RAR message. Hence, RA Response window is dependent on gNB’s processing capability. 

It is true that UE monitors this RA Response window for receiving the RA response and the UL grants associated with it. Increasing the RAR window is proposed in [6] for compensating the variation in RTD, which can be as high as 16ms for GEO satellites. However, increasing the RAR window has implication on RA-RNTI calculation and may not be straightforward. 
Observation 4: Extending the ra-ResponseWindow will require additional update to RA-RNTI calculation.

Interestingly, although, the RTD might be different for different UEs, network can estimate this RTD by using the difference of time instances between the RA occasion initiation from its own perspective (i.e. gNB’s SSB transmission time), and PRACH reception. Now, gNB (network) can delay the RAR window by using a deterministic offset, equivalent to the estimated RTD. Of course, this offset could be different for different UEs, located over different geographical areas. Thus, using a deterministic offset over the existing ra-ResponseWindow seems enough to compensate the high round trip delay (RTD).
Observation 5: Network (gNB) can estimate the round trip delay by using difference of time instances between RA occasion from its own perspective (i.e. SSB transmission) and RACH preamble reception.
Proposal 3: In NTN, gNB can use the estimated RTD as an offset to delay the ra-ResponseWindow. Apart from delaying the start of ra-ResponseWindow by using an offset, an extension of ra-ResponseWindow is not needed. 
 
3 Conclusions
In this contribution, we discuss the major challenges associated with random access in NTN. Large propagation delay of NTN can result in preamble ambiguity and update in RA response window. We provide possible solutions to resolve this ambiguity and point out how network can add a deterministic offset to delay the RA response window.

Observation 1: The difference in round-trip delay within a GEO-satellite beam can more than one frame (up to 16 ms). This might result in ambiguity of RA preamble reception, if the time interval between two consecutive RACH opportunities is less than the maximum differential round-trip time.
Proposal 1: RAN2 should study and find out suitable solutions for avoiding the ambiguity of RA preamble reception in NTN. Solutions can include (i) grouping of UEs based on ROs (ii) frequency hopping (iii) ensuring two consecutive ROs are separated by more than maximum delay difference.

Observation 2: Solutions, which use grouping of UEs based on ROs or ensuring that time difference between two consecutive ROs to be more than maximum delay difference, might reduce RACH capacity.

Proposal 2: RAN2 should study whether the reduced RACH capacity is reasonable for regular operations of GEO-NTN. One or more LEO satellites can be configured to supplement the RACH capacity of GEO-NTNs.

Observation 3: RA Response window is designed to determine the latest time when the network can transmit the RAR message. Hence, RA Response window is dependent on gNB’s processing capability.

Observation 4: Extending the ra-ResponseWindow will require additional update to RA-RNTI calculation

Observation 5: Network (gNB) can estimate the round trip delay by using difference of time instances between RA occasion from its own perspective (i.e. SSB transmission) and RACH preamble reception.

Proposal 3: Apart from delaying the start of ra-ResponseWindow, by using an offset, an extension of ra-ResponseWindow is not needed in NTN.

Proposal 4: Include the TP, mentioned in Appendix, in TR 38.821
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5 Appendix

--------------------------------------------------------- Start of TP ----------------------------------------------------------------------
[bookmark: _Toc2952268]7.2 		User plane enhancements 
[bookmark: _Toc2952269]7.2.1 	MAC


7.2.1.x 	Random Access

The difference in round-trip delay within a GEO-satellite beam can more than one frame (up to 16 ms). As shown in Figure 2, this might result in ambiguity of RA preamble reception, if the time interval between two consecutive RACH opportunities is less than the maximum differential round-trip time and the same RA-RNTI is used. This ambiguity of RA preamble reception can be resolved using solutions, like (i) grouping of UEs based on ROs (ii) frequency hopping and (iii) ensuring two consecutive ROs are separated by more than maximum delay difference. However, solutions, which use grouping of UEs based on ROs or ensuring that time difference between two consecutive ROs to be more than maximum delay difference, might reduce RACH capacity. Whether the reduced RACH capacity is reasonable for regular operations of GEO-NTN and if one or more LEO satellites can be configured to supplement the RACH capacity of GEO-NTNs are for FFS.
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[bookmark: _Ref7706794]Figure 2: Ambiguity in RACH Preamble Detection
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RA Response window is designed to determine the latest time when the network can transmit the RAR message. Hence, RA Response window is dependent on gNB’s processing capability. Extending the ra-ResponseWindow will require additional change in RA-RNTI calculation. Furthermore, network (gNB) can estimate the round trip delay (RTD) by using difference of time instances between RA occasion from its own perspective (i.e. SSB transmission) and RACH preamble reception. Hence, gNB in NTN can use this RTD as an offset to delay the start of ra-ResponseWindow. Depending on the location of the UE, the estimated RTD and the value of the corresponding offset can be different.

-------------------------------------------------------------- End of TP -------------------------------------------------------------------------------
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