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1. Introduction 
In RAN2#111e meeting, following agreements were made:
· From RAN2 perspective, an offset is applied to the start of ra-ResponseWindow in NTN for both LEO and GEO scenarios.

· An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.

In RAN2#112e, following agreements were made:
· RAN2 decision on starting ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow is postponed until further progress in RAN1 regarding UE pre-compensation method and TA estimation accuracy.

In RAN1#103e meeting, following agreements were made:
· In NTN, the network may broadcast 

· A common timing offset value 

· FFS details of the common timing offset

· FFS: A common timing drift rate

· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:
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Where:
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is derived from the User specific TA self-estimation
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 is derived at least from the common timing offset value if broadcasted by the network. The granularity of [image: image7.png]
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 is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
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depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.

· [image: image13.png]


 is specified in TS 38.211 section 4.1. 

· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
· An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.
Since RAN1 has made some progress on how to calculate timing advance for random access procedure, in this document, we provide further details on use of the start offset for RAR window and contention resolution timer.

This document is a revision of R2-2100740.

2. Discussion 

As described in [1], when timing reference is at the gateway, the UE’s downlink slot n is based on the GW or gNB downlink slot n. The difference between UE’s uplink slot x and the downlink slot n will be equal to one round trip delay (RTD) between UE and GW/gNB. When time reference is at the gateway/gNB, UE needs to apply full TA for every uplink transmission, not only during RACH. This means the UE not only has to keep track of RTD variation between UE and the satellite but also RTD variation between satellite and gateway/gNB.

RAN1 has already agreed that UE will calculate the TA to apply before transmission of Msg1/MsgB using following formula:
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where NTA is UE specific timing advance that is calculated based on GNSS and satellite ephemeris. Therefore, this is equivalent to the service link RTD. However, there is a parameter X that network would need to provide to UE depending on where network wants to make the time reference to be. Value of X needs to be broadcast in SIB.
If network wants to make the time reference close to satellite as much as possible, then value of X can be close to zero. If network wants to make the time reference close to gateway as much as possible, then value of X can be close to feeder link RTD. Therefore, the value of X broadcast by network can be X = 0, or X can be less than, equal to, or greater than RTDfeeder, and this impacts when exactly the RAR window is started as shown in Table 1 below.
Observation 1. Network controls the time reference point to be close to satellite or gateway by providing appropriate value of common timing offset X.

Table 1 Comparison of solution for time reference at gateway vs satellite

	
	Time reference at gateway (X ~ RTDfeeder)
	When X < RTDfeeder or X > RTDfeeder)
	Time reference at satellite (X = 0)

	Network provided/configured parameters
	X
	X and RTDfeeder
	RTDfeeder,

	UE’s compensation for UL slot
	NTA ​ + X
	NTA ​ + X
	NTA

	Start offset (UE-gNB RTD)

with reference to PRACH transmission slot n’
	NTA ​ + X
	NTA ​ + X + Max (RTDfeeder  - X, 0)


	NTA + RTDfeeder

	Start offset with reference to PRACH occasion DL slot n
	0

	Max (RTDfeeder  - X, 0)


	RTDfeeder

	UE calculated parameter
	NTA
	NTA
	NTA


As described in [1], the value of start offset should be at least UE-gNB RTD because from the time UE transmits preamble to the time when UE can receive response from gNB, UE does not need to monitor the PDCCH. 

In addition, the start offset has to be applied from the end of the preamble transmission according to following in TS 38.321.

	5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:

1>
if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2>
start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while ra-ResponseWindow is running.

1>
else:

2>
start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.


Since the value of X is variable, following options can be considered to determine when the RAR window should start in NTN.
	
	start offset =
	Issue

	Option#1
	PRACH preamble transmission slot n’ + NTA + RTDfeeder
	RAR window may start before RO slot n if X > RTDfeeder,.

	Option#2
	PRACH occasion slot n + RTDfeeder
	RAR window starts late if X ~ RTDfeeder.



	Option#3
	PRACH occasion slot n + 1
	RAR window starts too early if X = 0.

	Option#4
	PRACH occasion slot n + Max (RTDfeeder  - X, 0)
	Resolves above issues.

	Note: slot n = slot n’ + UE’s TA = slot n’ + NTA + X.


The options #1 to #3 are independent of the value of X broadcast in SIB. In option #1, the RAR window starts in UE-gNB RTD (NTA + RTDfeeder) slots after the PRACH preamble transmission slot n’. However, there is one issue with this approach if X > RTDfeeder. In this case, UE will use TA with over-compensated feeder link RTD and the RAR window will start before the actual PRACH occasion slot n which is not the usual case. The calculation of RA-RNTI may be impacted. However, network may resolve this issue by not setting value of X > RTDfeeder.
In option #2, the RAR window always starts RTDfeeder slots after the RO DL slot n or NTA + X + RTDfeeder after the PRACH preamble transmission slot n’. The issue with this approach is that the RAR window will starts too late if X ~ RTDfeeder.
In option #3, the RAR window always starts immediately after the RO DL slot n or NTA + X after the PRACH preamble transmission slot n’. The issue with this approach is that RAR window will start too early if X ~ 0.

To address all the above issue, option #4 can be considered. In option #4, the start of RAR window depends on the value of X broadcast and the value of feeder link RTD.

Therefore, in our view option #1 with X<= RTDfeeder or option #4 work.

Proposal 1 RAN2 decide which of the following options to use for the start offset to RAR window.

Option#1: PRACH preamble transmission slot n’ + NTA + RTDfeeder and X <= RTDfeeder.

Option#4: PRACH occasion slot n + Max (RTDfeeder - X, 0).
From the above observation, network should also provide the common feeder link RTD value, i.e., RTDfeeder. However, if the value of X broadcast is close to the value of RTDfeeder, then RTDfeeder does not need to be broadcast.
Proposal 2 Network may broadcast common feeder link RTD (RTDfeeder) as separate parameter. If RTDfeeder is not broadcast, then RTDfeeder = X is assumed.

In case of MsgA transmission, UE would need to transmit both preamble and PUSCH. Therefore, the start offset to MsgB response window should be applied from the time slot where the last repetition of MsgA PUSCH is transmitted. However, the start point of MsgB response window is defined in RAN1 spec.
	2.1.1 5.1.4a
MSGB reception and contention resolution for 2-step RA type

Once the MSGA preamble is transmitted, regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>
start the msgB-ResponseWindow at the PDCCH occasion as specified in TS 38.213 [6], clause 8.2A;

1>
monitor the PDCCH of the SpCell for a Random Access Response identified by MSGB-RNTI while the msgB-ResponseWindow is running;


Proposal 3 For 2 step RACH, the same value of start offset used for RAR window is used to start MsgB response window. Send LS to RAN1.
For monitoring the response of Msg3, same start offset can be used to start the contention resolution timer.
Proposal 4 The value of start offset to contention resolution timer is same as the offset used for RAR window.
3. Conclusion

Following observations are made.
Observation 1.
Network controls the time reference point to be close to satellite or gateway by providing appropriate value of common timing offset X.


Following proposals are made.
Proposal 1
RAN2 decide which of the following options to use for the start offset to RAR window.
Option#1: PRACH preamble transmission slot n’ + NTA + RTDfeeder and X <= RTDfeeder.
Option#4: PRACH occasion slot n + Max (RTDfeeder - X, 0).
Proposal 2
Network may broadcast common feeder link RTD (RTDfeeder) as separate parameter. If RTDfeeder is not broadcast, then RTDfeeder = X is assumed.
Proposal 3
For 2 step RACH, the same value of start offset used for RAR window is used to start MsgB response window. Send LS to RAN1.
Proposal 4
The value of start offset to contention resolution timer is same as the offset used for RAR window.
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