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Introduction
In last RAN4 #88bis, requirements for inter-RAT RSTD measurement was further discussed. The corresponding CR was endorsed in [1] to update the core requirement. Meanwhile, RAN2 also progressed on this topic and sent an LS to RAN4 [2]:
	RAN2 discussed SFN offset provided by location server in OTDOA-ReferenceCellInfo, and agreed that when the network already knows SFN offset, the network may provide, in addition to the SFN offset counted in radio frames, also the frame boundary offset with 0.5ms level resolution, which otherwise would be obtained by the UE using autonomous gaps. Below field has been added in TS36.355:
nr-LTE-fineTiming-Offset-r15				INTEGER (0..19)	
This field specifies the subframe boundary difference between the serving NR cell subframe #0 and the assistance data reference cell from the beginning of a radio frame #0 of the NR serving cell to the beginning of the closest subsequent radio frame #0 of the assistance data reference cell, value 0 corresponds to 0ms, value 1 corresponds to 0.5ms, 2 to 1ms and so on.The nr-LTE-fineTiming-Offset-r15 is optionally provided when nr-LTE-SFN-Offset is provided and shall not be provided when the nr-LTE-SFN-Offset is not present.


According to RAN2 latest agreement, the signaling that carries LTE timing information is optional provided. Therefore from UE perspective, UE needs to acquire the timing by itself if not provided with this information, which will result in additional delay. Then from RAN4 requirement point of view, our core requirements need to be updated to reflect RAN2 latest agreement.
In this contribution, we provide further analysis on corresponding RAN4 requirements.
Discussion
According to current requirement [1], UE needs to acquire the necessary timing of target LTE cell in the OTDOA assistance data unless the timing information is provided (including both SFN offset and subframe offset). The requirements for acquiring the timing of the E-UTRA OTDOA reference cell is specified in TS38.133 section 9.4.4.1.2.2:
	[bookmark: _Hlk525826890]9.4.4.1.2.2	Requirements for acquiring the timing of the E-UTRA OTDOA reference cell
The UE may make autonomous gaps in downlink reception and uplink transmission of the PCell and each of the SCells in FR1 for acquiring the timing of the reference cell in the E-UTRA OTDOA assistance data. No autonomous gaps in downlink reception or uplink transmission are allowed in any of the UE serving cells in FR2. 
The UE shall be able to acquire  the timing of the E-UTRA OTDOA assistance data reference cell during the time period
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]TRefCell,E-UTRAN = TIdentify, E-UTRAN FDD + TMIB ,
where
TIdentify, E-UTRAN FDD is as specified in Section 9.4.2 assuming CSSFinterRAT=1 and it is the time needed to identify the E-UTRA OTDOA assistance data reference cell when the UE needs to acquire the subframe and slot timing of the cell (TIdentify, E-UTRAN FDD=0 when the subframe and slot timing of the E-UTRA OTDOA assistance data reference cell are known to the UE), and
TMIB = [50] ms is the time required to acquire SFN of the E-UTRA OTDOA assistance data reference cell provided the OTDOA assistance data reference cell is decodable and at least all E-UTRA subframes #0 during TMIB are available at the UE receiver (TMIB=0 when the SFN is known to the UE).
The requirements in this section are met, provided the conditions for the detectable cell are fulfilled according to Section 9.4.2.1.
The MIB of an E-UTRA cell whose SFN is acquired shall be considered decodable by the UE provided the PBCH demodulation requirements are met according to TS 36.101 [25].
The requirement for acquiring the timing of the E-UTRA OTDOA reference cell within TRefCell,E-UTRAN is applicable when no DRX is used as well as when any of the DRX cycles specified in TS 38.331 [2] is used.Within the timing acquisition time period, TRefCell,E-UTRAN, when using autonomous gaps the UE shall transmit at least NACK/NACK, FDD, FR1 ACK/NACKs on PCell in FR1 or each of activated SCell(s) in the same frequency range, specified in Table 9.4.4.1.2.2-1, provided that:
-	there is continuous DL data allocation,
-	no DRX cycle is used,
-	no measurement gaps are configured,
-	only one code word is transmitted in each subframe,
-	[4] slot ACK/NACK feedback is configured,
-	[20] ms SMTC period in the PCell.
	[bookmark: _Hlk527013882]Table 9.4.4.1.2.2-1: Number of ACK/NACKs transmitted by the UENACK/NACK, FDD, FR1
	TRefCell,E-UTRAN
	Condition

	TBD+[7]
	TIdentify, E-UTRAN FDD + TMIB
	15 kHz SCS in the serving NR cell in which the transmitted ACK/NACKs are counted

	TBD+[29]
	
	30 kHz SCS in the serving NR cell in which the transmitted ACK/NACKs are counted

	TBD
	TIdentify, E-UTRAN FDD
	15 kHz SCS in the serving NR cell in which the transmitted ACK/NACKs are counted

	TBD
	
	30 kHz SCS in the serving NR cell in which the transmitted ACK/NACKs are counted



Editor’ note: the requirement applicability with SRS carrier based switching is TBD.
Editor’s note: the details of the design of autonomous gaps are FFS.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Editor’s note: Adding the case when TIdentify, E-UTRAN FDD =0 and TMIB >0 in Table 9.4.4.1.2.2-1 is FFS and subject to RAN2 signaling details.


As can be seen above, the total delay TRefCell,E-UTRAN to acquire the timing consist of two parts, i.e. TIdentify, E-UTRAN FDD for acquiring the subframe and slot offest, and TMIB for acquiring SFN. Note that both parts can be 0 if the timing information is provided. However, the current condition for TIdentify, E-UTRAN FDD=0 is “when the subframe and slot timing of the E-UTRA OTDOA assistance data reference cell are known to the UE”. In our understanding, even provided with nr-LTE-fineTiming-Offset, UE can only be aware of the offset in subframe or slot, which still has a granularity of 1ms. UE doesn’t know the exact subframe timing of the target LTE cell. Thus the condition needs to be modified.
[bookmark: _Ref528599733]Observation 1: even provided with nr-LTE-fineTiming-Offset, UE still may not know the exact subframe timing.
[bookmark: _Ref528599773]Proposal 1: condition for TIdentify, E-UTRAN FDD=0 needs to be updated to align with RAN2 latest agreement.
One thing needs to be noted is that based on current spec, ECGI is to avoid PCI confusion scenario.  If not such problem, the ESMLC will not provide ECGI. If such scenario exists in the network, then if ECGI is provided in assistance information. If ECGI is provided in assistance data, the UE has to read SIB1 to know whether ECGI is same as the one in the assistance data. 
	cellGlobalId
This field specifies the ECGI, the globally unique identity of a cell in E-UTRA, of the assistance data reference cell, as defined in [12]. The server should include this field if it considers that it is needed to resolve ambiguity in the cell indicated by physCellId.


Thus if provided with ECGI, additional delay due to SIB1 reading can be expected.
[bookmark: _Ref528599756]Observation 2: if provided with ECGI, additional delay due to SIB1 reading can be expected.
Note that reading SIB1 will also cause ACK/NACK missing.
[bookmark: _Ref528599776]Proposal 2: RAN4 shall define additional delay and number of missing ACK/NACK for SIB1 reading for the case if ECGI is provided. 
Another thing is UE needs fine timing tracking to decode MIB and/or SIB1, thus before MIB/SIB1 reading the cell search procedure is needed. In other words, TIdentify, E-UTRAN FDD=0 shall apply only for the case that the SFN and subframe offsets are provided and ECGI is not present in the assistance date.
[bookmark: _Ref528919309]Proposal 3: TIdentify, E-UTRAN FDD=0 shall apply under the following conditions:
· nr-LTE-fineTiming-Offset is provided
· nr-LTE-SFN-Offset is provided
· ECGI is not present

Regarding the number of missing ACK/NACK, the requirement is still TBD now. Detecting PSS/SSS, reading MIB and SIB1 using automnous gap may introduce serving cell interruption.
Assuming 4 slot ACK/NACK feedback configuration:
1) PSS/SSS detection
If the subframe/slot offset is not provided, UE needs to acquire the downlink timing of the target cell by itself. If the target cell is on a different carrier frequency, then UE may do this in autnomous gap. The number of missing ACK/NACK is detemined by the PSS/SSS detection delay. According to LTE cell identification requirement in TS36.133, the cell search delay is 800ms at -6dB. Worse of all, the location server doesn’t know which LTE cell is the most suitable reference cell for the UE, unlike in LTE typically the serving cell can be used as the reference cell. That means the side condition can be far below -6dB, e.g. down to -13dB used as the side condition of neighbour cell in RSTD measurement in TS36.133. Thus the interruption length could be much longer than 800ms.
2) MIB reading
Considering 50ms MIB reading time, UE may take up to 9~10 ms for the first sample and 3ms (can be 4ms in asynchrous case) for each sample followed by. Thus UE shall at least transmit 8 ACK/NACK during this 50ms (UE can transmit 2 ACKs for recieving each of the last 4 samples) in 15KHz NR cell, or 32 ACK/NACK in 30KHz NR cell. 
3) SIB1 reading
Also considering 3 times soft combining, it would take up to 100ms to successfully decode SIB1. UE would drop 4ms (in 15KHz) in serving cell for each 20ms. Thus UE should at least transmit 60 ACK/NACK in 15KHz NR cell, or 140 ACK/NACK in 30KH NR cell
Note that comparing with MIB and SIB1 reading, the interruption time for PSS/SSS detection is extremly long. As long as nr-LTE-fineTiming-Offset is not provided, UE needs to perform PSS/SSS detection. Since the RSTD measurement is triggered by positioning center and could be transparent to gNB. The interruption seems out of control of gNB. 
[bookmark: _Ref528833503]Observation 3: doing cell search in autonomous gap will introduce nonegligible interruption (could be much longer than 800ms) on NR serving cells.
On the other hand, in legacy RSTD measurement in LTE, UE can directly measure PRS without having the knowledge of the accurate DL timing of the target cell. There is a NOTE in TS36.355 gives a condition under which UE can perform OTDOA measurement correctly:
	NOTE 1:	The location server should include at least one cell for which the SFN can be obtained by the target device, e.g. the serving cell, in the assistance data, either as the assistance data reference cell or in the neighbour cell list. Otherwise the target device will be unable to perform the OTDOA measurement and the positioning operation will fail. 


In other word, there should be least one KNOWN cell either as the assistance data reference cell or in the neighbour cell list. Typically this is the serving cell. 
[bookmark: _Ref528833470]Observation 4: cell search before RSTD measurement is assumed unnecessary in legacy LTE.
However, when performing inter-RAT RSTD measurement in NR, the NR serving cell can be neither the assistance data reference cell nor in the neighbour cell list at least in release 15. That means the serving cell’s timing information cannot be directly used. The consequence is that UE needs to do the cell search before it can perform RSTD measurement, unless the assistance timing information (e.g. the SFN and subframe/slot offset) is provided.
To avoid such long interruption, we suggest to request RAN2 to further optimize the solution, e.g. to make these timing information mandatroy.
[bookmark: _Ref528599780]Proposal 4: to avoid unpredictable long interruption on NR serving cell, RAN4 shall ask RAN2 to optimize the solution, e.g. to make these timing information mandatory.
Conclusion
In this contribution, we further dicuss the inter-RAT RSTD measurement in NR system. After discussion the following conclusions are made:
[bookmark: _GoBack]Observation 1: even provided with nr-LTE-fineTiming-Offset, UE still may not know the exact subframe timing.
Observation 2: if provided with ECGI, additional delay due to SIB1 reading can be expected.
Observation 3: doing cell search in autonomous gap will introduce nonegligible interruption (could be much longer than 800ms) on NR serving cells.
Observation 4: cell search before RSTD measurement is assumed unnecessary in legacy LTE.
Proposal 1: condition for TIdentify, E-UTRAN FDD=0 needs to be updated
Proposal 2: RAN4 shall define additional delay and number of missing ACK/NACK for SIB1 reading for the case if ECGI is provided.
Proposal 3: TIdentify, E-UTRAN FDD=0 shall apply under the following conditions:
· nr-LTE-fineTiming-Offset is provided
· nr-LTE-SFN-Offset is provided
· ECGI is not present
Proposal 4: to avoid unpredictable long interruption on NR serving cell, RAN4 shall ask RAN2 to optimize the solution, e.g. to make these timing information mandatory.
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