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[bookmark: _Ref142303610]1	Introduction
In this document, we address the remaining issues for Rel-18 agenda item on network verified UE location in NR NTN [1-4]. Based on the outcome of the RAN#100 plenary, RAN1 focussed on Alt 1 for the multi-RTT design. This alternative was based on leveraging the Rel-17 definition of the UE Rx-Tx time difference measurement such that the UE effectively measures its TA when it performs the UE Rx-Tx measurement. Similarly, RAN1 also agreed to use the legacy Rel-17 definition for the gNB Rx-Tx time difference with the understanding that the value reported by the gNB is calculated at the uplink time synchronization reference point (although the actual measurement can be performed at a different point). We copy the relevant agreements from RAN1#114 as follows.
Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
· UE reports the actual index difference between subframe j and subframe i 
· The uplink subframe j is closest in time to the DL subframe #i received from the TP 
· The DL timing drift due to Doppler over the service link associated with the UE RX-Tx time difference measurement period is reported

Agreement
Confirm the working assumption with the additional note below:
Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.
Note: This does not imply that the actual gNB receive-transmit time difference measurement is necessarily made at the uplink time synchronization reference point
In our view, at least the following essential issues need to be addressed. We discuss them in detail in the ensuing sections. 
· Reporting range for the UE Rx-Tx time difference offset
· Text proposals for clarifying: 
· UE Rx-Tx time difference description
· Measurement period of the UE reported timing drift
· gNB Rx-Tx time difference measurement description
2	Range for the UE Rx-Tx time difference offset
According to TS 38.133, the reporting range of UE Rx-Tx time difference is from -0.5 ms to +0.5 ms:
“The reporting range for the absolute UE Rx-Tx time difference measurement (TUE Rx-Tx) is defined from -985024´Tc to 985024´Tc with the resolution step of 2k´Tc […]”
The TA value in NTN can exceed the reporting range of the UE Rx-Tx time difference. Therefore, the UE Rx-Tx time difference report in NR NTN will be enhanced to support the worst-case TA for NTN scenarios that support network-verified UE location. To this end, RAN1 has introduced a new parameter called UE Rx-Tx time difference offset to capture the integer part of the TA. 
[bookmark: _Toc146722651]As the maximum RTT for LEO is 41.77 ms, the UE Rx-Tx time difference offset for LEO can be represented by using a 6-bit parameter.
[bookmark: _Toc146722652]As the maximum RTT for GEO is 541.46 ms, the UE Rx-Tx time difference offset for GEO can be represented by using a 10-bit parameter.
Therefore, we propose the following.
[bookmark: _Toc146723044]Use an N-bit integer parameter to indicate the UE Rx-Tx time difference offset where N=6 for LEO and N=10 for GEO. FFS: whether to use different parameters for LEO/GEO.
2	Maintenance for TS 38.215
We propose the following corrections for TS 38.215.
2.1	TP for TS 38.215 Clause 5.1.46
A new parameter called the “UE Rx-Tx time difference offset” has been introduced based on the UE Rx-Tx time difference design agreed for NR NTN at RAN1#114. This parameter is intended to effectively capture the integer part of the TA. The current wording in the specification uses “actual index difference” between two subframes which is vague and insufficient. 
· The word “actual” should be deleted as it has no technical meaning and does not add any information.
· The term “actual index difference” can be incorrectly interpreted to refer to the subframe index difference between the two subframes but the two subframes may potentially belong to different frames or a system frames. Therefore, we need to precisely describe the index difference between the two subframes.
· We have also identified a couple of minor typographical errors. 
Therefore, we propose the following TP.

[bookmark: _Toc145501659]5.1.46	UE Rx – Tx time difference offset

	Definition
	UE Rx – Tx time difference offset is the actual index difference  between subframe #j and subframe #i of the subframes used for the UE Rx – Tx time difference measurement as defined in Clause 5.1.30, where uplink subframe #j is the closest in time to the DL subframe #i received from a transmission point (TP) [18].  and  are the subframe numbers,  and  are the system frame numbers,  and  are the hyper system frame numbers for subframe #j and #i, and  when  and  otherwise.

For frequency range 1, the reference point for UE Rx – Tx time difference offset measurement shall be the same antenna connectors as defined in Clause 5.1.30 for the UE Rx – Tx time difference measurement. For frequency range 2, the reference point for UE Rx – Tx time difference offset measurement shall be the same antenna as defined in Section 5.1.30 for of the UE Rx – Tx time difference measurement.

	Applicable for
	RRC_CONNECTED



2.2	TP for TS 38.215 Clause 5.1.47
In RAN1#114, it was agreed that the UE will report its timing drift over the service link: “The DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period is reported”. However, the term “UE Rx-Tx measurement period” is not clearly defined in the specification. Without additional text, it is not clear which measurement period the timing drift corresponds to. We propose the following TP to address this.
[bookmark: _Toc145501660]
5.1.47		DL timing drift

	Definition
	DL timing drift measurement is defined as the DL timing estimated to be shifted due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period given by [min(TUE-TX, TUE-RX), max(TUE-TX, TUE-RX)] where TUE-TX and TUE-RX are defined in Clause 5.1.30.

For frequency range 1, the reference point for the DL timing drift measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for the DL timing drift measurement shall be the Rx antenna of the UE. 

	Applicable for
	RRC_CONNECTED



2.3	TP for TS 38.215 Clause 5.2.3 
There are two remaining issues for the gNB Rx-Tx time difference measurement:
· According to the RAN1#114 agreement, the gNB Rx-Tx time difference calculated at the uplink time synchronization reference point (possibly measured at a point different from the uplink synchronization reference point) will be reported. This needs to be captured in the specification. 
· TS 38.215 clause 5.2.3 specifies a reference point for terrestrial base-station types defined in TS 38.104. In TS 38.108, the RF characteristics and performance requirements for NR satellite access node (SAN) have been specified (similar to the requirements defined for terrestrial base stations in TS 38.104). Therefore, similar specification text is also needed for the SAN types defined in TS 38.108.    


[bookmark: _Toc524695296][bookmark: _Toc29045135][bookmark: _Toc29901476][bookmark: _Toc29901523][bookmark: _Toc35596404][bookmark: _Toc44881144][bookmark: _Toc51776314][bookmark: _Toc145501664]5.2.3		gNB Rx – Tx time difference
[bookmark: _Toc146709220][bookmark: _Toc146722660][bookmark: _Toc146723045]
	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18] received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources can be used to determine the start of one subframe containing SRS.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9] or type 1-O satellite access node TS 38.108 [19]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9] or type 1-H satellite access node TS 38.108 [19]: the Rx Transceiver Array Boundary connector.

The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9] or type 1-O satellite access node TS 38.108 [19]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9] or type 1-H satellite access node TS 38.108 [19]: the Tx Transceiver Array Boundary connector.

In NTN, the gNB Rx – Tx time difference calculated at the uplink time synchronization reference point [5] is reported.



[bookmark: _Toc146723046]RAN1 to adopt the proposed corrections for Clause 5.1.46, 5.1.47 and 5.2.3 of TS 38.215.
6	Conclusion
Based on the discussion in the previous sections we made the following observations:
Observation 1	As the maximum RTT for LEO is 41.77 ms, the UE Rx-Tx time difference offset for LEO can be represented by using a 6-bit parameter.
Observation 2	As the maximum RTT for GEO is 541.46 ms, the UE Rx-Tx time difference offset for GEO can be represented by using a 10-bit parameter.

Based on the discussion in the previous sections we propose the following:

Proposal 1	Use an N-bit integer parameter to indicate the UE Rx-Tx time difference offset where N=6 for LEO and N=10 for GEO. FFS: whether to use different parameters for LEO/GEO.

Proposal 2	RAN1 to adopt the proposed corrections for Clause 5.1.46, 5.1.47 and 5.2.3 of TS 38.215.
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