[bookmark: OLE_LINK26]3GPP TSG RAN WG1 #115    	                                            R1-2311325
Chicago, USA, November 13th – November 17th, 2023

Agenda Item:	8.13.2
Source:	CATT
Title:	Remaining issue on network verified UE location
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
As described in 3GPP TSG RAN WG1#114b meeting, the further design of multi-RTT method in NTN was discussed elaborately and the following agreements and conclusions had been made [1].
	
Agreement
The actual index difference between subframe j and subframe i defined in RAN1#114 agreement on UE Rx-Tx time difference is reported in 10 bits with a value range up to 542 subframes.

Working assumption
The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported with the following range, granularity and bits allocation:

	Value range
	Granularity
	Bits allocation

	
[
(i.e:  )]

	
	10 bits


Note: value range is given in unit of corresponding granularity

Agreement
For network verified UE location in NTN common TA, parameters (ta-Common, ta-CommonDrift, ta-CommonDriftVariant, Epoch time) can be reported from gNB to LMF.




At the same time, some agreements have been endorsed in TPs for TS 38.215 and TS 38.214, with respect to gNB Rx-Tx time difference, UE Rx-Tx time difference subframe offset, DL timing drift and reporting these parameters to LMF. Besides, there are also some features left to further discuss in this meeting, which are shown in following.
	

FL recommendation

For next meeting, companies are encouraged to share their views and provide inputs on potential issues discussed within section 6:
Proposal 3 (Qualcomm): For RTT determination in NTN, supports the legacy gNB RX-TX time difference with the following change

·  The start of the uplink subframe #i is determined by the received SRS resource that starts within the subframe. 
· Note: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS.
Proposal 4 (Qualcomm). For UE and gNB RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming zero Doppler for symbols before the associated DL-RS or SRS for positioning in the subframe
Proposal 2 (vivo):
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]For supporting Multi-RTT method in NTN, extend the timing quality resolution up to hundreds of meters so that up to 10km quality can be supported.

FL recommendation

Companies are also encouraged to provide inputs for RAN1#115 on the range, granularity and bits allocation for the reporting of DL timing drift due to service link Doppler that are appropriate for NR NTN operation in FR1 and FR2-NTN




In this document, following the left issues in last meeting, the analysis will be further discussed.
Discussion
0. Analysis of time stamp in calculating timing difference
In past meeting, there was a left issue to discuss such as calculating the time difference in Multi-RTT based on time stamp by LMF. As described in TS 37.355, the time stamp associated with UE measurement is defined in following text [2].

	-- ASN1START

NR-TimeStamp-r16 ::= SEQUENCE {
	dl-PRS-ID-r16				INTEGER (0..255),
	nr-PhysCellID-r16			NR-PhysCellID-r16			OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16			NCGI-r15					OPTIONAL,	-- Need ON
	nr-ARFCN-r16				ARFCN-ValueNR-r15			OPTIONAL,	-- Need ON
	nr-SFN-r16					INTEGER (0..1023),
	nr-Slot-r16					CHOICE {
			scs15-r16				INTEGER (0..9),
			scs30-r16				INTEGER (0..19),
			scs60-r16				INTEGER (0..39),
			scs120-r16				INTEGER (0..79)
	},
	...
}

-- ASN1STOP



As shown above, the time stamp of NR includes SFN and slot number. Hence, the minimum resolution of NR-time stamp is slot unit which duration relies on subcarrier space. For subcarrier space is 15 kHz, the slot is 1ms. And for subcarrier space is 120 kHz, the slot is 0.125ms. The large uncertainty will be involved in RRT measuring if LMF use the time stamp as mentioned above to calculate the time difference between PRS transmission and SRS reception. Therefore, it will cause large positioning error if LMF use time stamps of PRS and SRS to calculate the time difference based on the legacy definition. The RTT calculation methods should follow the agreements made previously. 

Proposal 1: The time difference measurement at LMF should be calculated accurately based on actual timing offset instead reusing legacy coarse time stamp. 

0. Analysis of timing quality resolution
In the past meeting, the parameter of timing quality resolution was proposed to discuss whether or not expanding it to adapt the relaxation positioning accuracy in UE location verification of NTN. As described in TS 37.355, NR-TimingQuality is defined as the quality of a timing value, e.g., of a TOA measurement. NR-TimingQuality includes timingQualityValue and timingQualityResolution, and the filed descriptions are in following [2].

	-- ASN1START

NR-TimingQuality-r16 ::= SEQUENCE {
	timingQualityValue-r16			INTEGER (0..31),
	timingQualityResolution-r16		ENUMERATED {mdot1, m1, m10, m30, ...},
	...
}

-- ASN1STOP



This parameter specifies the target device’s best estimate of the quality of the timing measurement. The timing measurement quality of UE depends on many aspects, such as SNR of PRS signal, implementation of UE’s measuring, and so on. As a result, this parameter is majorly depended on ability of UE. Although the accuracy of UE location verification is 5km-10km in NTN, the precise of timing measurement just play partial role in UE position fixing. As discussed in past meetings, the major influence on accuracy of UE position in single LEO satellite was geometry that was constructed by UE and a few satellite coordinates. Thus, there is no necessity to expand the timing quality resolution and timing quality value in NTN to align the rough accuracy position requirement of UE location verification.

Proposal 2: No need to modify the value of NR-TimingQuality in NTN as current UE capability has already supported it. 

0. Analysis of zero Doppler for symbols
Due to the rapid movement of LEO satellite, the length of subframes will be shrunken or expanded in the receivers both at UE and gNB side. The length of subframes is affected by Doppler in links. As described in TS 38.215, the legacy Rx-Tx time difference both at UE and gNB side is determined by the beginning of subframe that includes PRS or SRS signals. The beginning of the subframe becomes uncertain when the length of subframe is varied by Doppler issue. Thus, in the past meeting, one topic was left to discuss the Doppler influence on the beginning of subframe that contained PRS or SRS.
In the specifications, the position of PRS or SRS is assigned by LMF or networks. The beginning of subframes is always recognized based on timing synchronization of UL or DL. The detail of distinguishing subframe beginning is depended on implementation of UE or gNB. There is no need to specify the method of distinguishing the subframe beginning in NTN. Therefore, the beginning of subframe that contains PRS or SRS can be recognized by UE or gNB based on their implementation.

Proposal 3: The beginning of subframe containing PRS or SRS can be recognized by UE or gNB on their implementation. 

Conclusion
In this contribution, the left issue of last meeting has been discussed further, and a few of observations, and some proposals are made as follows:

Proposal 1: The time difference measurement at LMF should be calculated accurately based on actual timing offset instead reusing coarse legacy time stamp.
Proposal 2: No need to modify the value of NR-TimingQuality in NTN as current UE capability has already supported it. 
[bookmark: _GoBack]Proposal 3: The beginning of subframe containing PRS or SRS can be recognized by UE or gNB on their implementation. 
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