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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 RAN1#102e meeting, following agreements were made:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:

· The User specific TA which is estimated by the UE:

· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:

· FFS: Details on serving satellite ephemeris indication 

· Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network

· The Common TA if indicated by the network:

· FFS: The need and details of Common TA indication

RAN1 has already agreed UE specific TA can be estimated by UE based on GNSS. However, the need of common TA is still under discussion in RAN1. In this document, we provide details and comparison for using UE specific TA when timer reference is at satellite vs gateway during RA procedure. We also try to clarify the differences between UE specific TA and scheduling offset.
2. Discussion 

2.1 Time reference at gateway/gNB
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 is equal to one round trip delay (RTD) between UE and GW/gNB. As shown in Fig. 1, UE’s timing advance is equal to one RTD between UE and GW/gNB, i.e.,
UE’s timing advance (TA) = UE specific serving link RTD between UE and satellite (SRTD​) + common feeder link RTD between satellite and gateway (FRTD).
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Figure 1 RACH procedure when time reference is at gateway/gNB
PRACH transmission

When UE is synchronized with the GW/gNB downlink slot, it determines the RA occasion is slot n. UE determines the slot x where the preamble is transmitted by applying TA = (SRTD + FRTD). As UE can calculate the UE specific SRTD, for example based on UE and satellite position, it needs to know FRTD which should be provided by the network via SIB.
Observation 1. When time reference is at gateway/gNB, the UE needs to apply full TA for UL transmission. To calculate full TA, network needs to provide the common feeder link RTD to the UE.
RAR reception
If UE follows the downlink slot n, then no change is required to receive the RAR, i.e., slot n is the RA occasion and UE can immediately start the RAR window after slot n.

This is because the actual preamble transmission takes place at the uplink slot x which has timing advance of full TA, i.e., x = n – UE’s full TA, therefore, the slot n+1 is where the UE would be able to receive the first response from the GW/gNB. RAN2 has already agreed that a start offset is applied to the RAR window and extension to RAR window is not needed. 

Observation 2. When time reference is at gateway/gNB, the value of start offset to the RAR window should be equal to full TA (SRTD + FRTD) given it is applied after the time slot where preamble is transmitted.
Msg3 transmission

When UE receives a RAR, gNB can schedule PUSCH as in terrestrial network considering the regular processing time k, i.e., scheduling delay k that is possible with existing DCI in NR. In NTN, additionally a scheduling offset is added by both UE and gNB to determine the time slot where gNB expects to receive the Msg3 as shown in Fig. 1. 

As gNB may not have information on UE specific TA, this scheduling offset has to be provided to UE via SIB. After determining the time slot (y+k+Koffset in Fig. 1) where gNB expects the Msg3, the UE applies the TA and transmits the Msg3 at time slot (y+k+Koffset-UE’s TA in Fig. 1).
Clearly, gNB provides the value of scheduling offset (Koffset) such that Koffset >= UE’s TA – k. The contention resolution timer is started after time slot (y+k+Koffset) in Fig. 1. 

Observation 3. The value of start offset to the contention resolution timer should be equal to full TA, i.e. (SRTD + FRTD).
Therefore, UE needs to know following three parameters during RACH
(1) UE specific serving link RTD (SRTD that UE can calculate itself)

(2) Common feeder link RTD (FRTD that is broadcast in SIB)

(3) Uplink scheduling offset (Koffset)

As network does not know the UE specific serving link RTD, we cannot assume uplink scheduling offset to be equal to UE specific serving link RTD + Common feeder link RTD, i.e., 
Koffset ≠ SRTD + FRTD. 
Therefore, gNB should also provide value of uplink scheduling offset. A simple way is to broadcast common serving link RTD (Koffset1) and common feeder link RTD (FRTD) in a SIB. Then the scheduling offset is

 Koffset = Koffset1 + FRTD. 
Note that network can set the value of common serving link RTD (Koffset1) considering the maximum timing advance required in the cell.
Observation 4. The value of common serving link RTD (Koffset1) and common feeder link RTD (FRTD) can be separately provided to UE via SIB to determine the uplink scheduling offset (Koffset).

Issues with time reference at gateway/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 UE not only has to keep track of RTD variation between UE and satellite but also RTD variation between satellite and gateway/gNB.
UE might be able to adjust the RTD variation due to satellite movement for service link as it would know the satellite position. However, it cannot do the same for feeder link as the location of gateway/gNB may not be exposed to the UE. Therefore, simpler solution is time reference is kept at the satellite such that UE and gateway/gNB both compensate their own link, i.e., service link compensation by UE and feeder link compensation by gateway/gNB.
Observation 5. When time reference is at gateway/gNB, UE has to closely track the RTD variation of feeder link for every UL transmission and gateway location may not be known. This issue is resolved if time reference is at the satellite.

2.2 Time reference at satellite

When timing reference is at the satellite, the UE’s downlink slot n is based on the satellite downlink slot n. The difference between UE’s uplink slot x and the downlink slot n is equal to one RTD between UE and satellite. In this case, UE does not need to worry about the RTD variation between satellite and gateway. As shown in Fig. 2, UE’s timing advance is equal to one RTD between UE and satellite, i.e.,

UE’s timing advance (TA) = UE specific serving link RTD between UE and satellite (SRTD​). 
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Figure 2 RACH procedure when time reference is at satellite.

 The differences compared to the solution for time reference at gateway as described in section 2.1 are
(1) UE’s downlink time slot n is based on satellite downlink time slot n. 

(2) UE does not need to use full TA. UE only needs to consider service link RTD for TA, i.e., UE’s timing advance (TA) = UE specific serving link RTD between UE and satellite (SRTD​).
(3) Start offset to RAR window/contention resolution timer with respect to downlink time slot n is FRTD. Therefore, gNB knows exactly when UE starts the RAR window/contention resolution timer. However, with respect to the time slot where preamble is transmitted, the offset is UE specific TA + FRTD.

(4) The scheduling offset (Koffset) only depends on the serving link RTD (SRTD​). As network may not know exact UE specific SRTD​, it can broadcast serving link RTD (Koffset1) considering maximum timing advance required in the cell, i.e., Koffset = Koffset1. 
Table 1 Comparison of solution for time reference at gateway vs satellite

	
	Time reference at gateway
	Time reference at satellite

	DL time slot n
	Based on DL time slot at gateway
	Based on DL time slot at satellite

	UE’s compensation
	SRTD​ + FRTD
	SRTD​

	gNB’s compensation
	0
	FRTD

	Start offset 
(applied from time slot where UL transmission takes place)
	SRTD​ + FRTD
	SRTD​ + FRTD

	Start offset 
(applied from DL time slot n)
	0
	FRTD

	PUSCH Scheduling offset (Koffset)
	Koffset1 + FRTD
	Koffset1 

	UE calculated parameter
	SRTD
	SRTD

	Network provided/configured parameters
	Koffset1 and FRTD
	Koffset1 and FRTD


Observation 6. When time reference is at the satellite, the UE’s timing advance and UL scheduling offset do not need to consider the variation of RTD between satellite and gateway/gNB simplifying the solution.

Based on the observations above, whether the time reference is at satellite or at gateway, network can configure UE with Koffset1 and FRTD separately.
Proposal 1 The common service link RTD (Koffset1) and common feeder link RTD (FRTD) are broadcast as two different parameters in SIB.
To simplify the design, time reference at satellite can be considered in Rel-17 as both solutions with time reference at gateway and satellite are not needed in Rel-17.
Proposal 2 RAN2 considers solutions with time reference at satellite in Rel-17.

Proposal 3 The common service link RTD (Koffset1) is configured as scheduling offset Koffset.

Proposal 4 The value of start offset to RAR window is equal to UE specific TA (SRTD) + common feeder link RTD (FRTD) and the offset is applied after the time slot where preamble is transmitted.
Proposal 5 The value of start offset to contention resolution timer is equal to UE specific TA (SRTD) + common feeder link RTD (FRTD) and the offset applied after the time slot where Msg3 is transmitted.
3. Conclusion

Following observations are made.
Observation 1.
When time reference is at gateway/gNB, the UE needs to apply full TA for UL transmission. To calculate full TA, network needs to provide the common feeder link RTD to the UE.
Observation 2.
When time reference is at gateway/gNB, the value of start offset to the RAR window should be equal to full TA (SRTD + FRTD) given it is applied after the time slot where preamble is transmitted.
Observation 3.
The value of start offset to the contention resolution timer should be equal to full TA, i.e. (SRTD + FRTD).
Observation 4.
The value of common serving link RTD (Koffset1) and common feeder link RTD (FRTD) can be separately provided to UE via SIB to determine the uplink scheduling offset (Koffset).
Observation 5.
When time reference is at gateway/gNB, UE has to closely track the RTD variation of feeder link for every UL transmission and gateway location may not be known. This issue is resolved if time reference is at the satellite.
Observation 6.
When time reference is at the satellite, the UE’s timing advance and UL scheduling offset do not need to consider the variation of RTD between satellite and gateway/gNB simplifying the solution.


Following proposals are made.
Proposal 1
The common service link RTD (Koffset1) and common feeder link RTD (FRTD) are broadcast as two different parameters in SIB.
Proposal 2
RAN2 considers solutions with time reference at satellite in Rel-17.
Proposal 3
The common service link RTD (Koffset1) is configured as scheduling offset Koffset.
Proposal 4
The value of start offset to RAR window is equal to UE specific TA (SRTD) + common feeder link RTD (FRTD) and the offset is applied after the time slot where preamble is transmitted.
Proposal 5
The value of start offset to contention resolution timer is equal to UE specific TA (SRTD) + common feeder link RTD (FRTD) and the offset applied after the time slot where Msg3 is transmitted.
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