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1 Introduction
In the last RAN4 meeting, UE RX-TX time difference requirements were discussed, and many agreements achieved [1]. For most of requirements can be same as these of PRS RSTD (e.g. measurement period) [2, TS38.133 v16.5.0]. In this contribution we will focus on the discussion of remaining issue below which are unique for UE RX-TX time difference measurement. 
· Whether SRS periodicity impacts UE Rx-Tx time difference measurement period
· Whether SRS dropping should be accounted in measurement period
· Measurement period with TA change
· Proximity between SRS and PRS

2 Discussion
2.1. SRS Periodicity Impacts on UE Rx-Tx Time Difference Measurement Period
As agreed in [1], one of specific remaining issues for UE Rx-Tx time difference measurement is whether SRS periodicity should be accounted in UE Rx-Tx time difference measurement period.
	· Whether SRS periodicity should be accounted in measurement period
· Option 1: No
· Option 2: Yes,  can be extended if the SRS periodicity is longer than max()



	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
TUE-RX is the UE received timing of downlink subframe #i from a positioning node, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the positioning node.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



According to the definition of UE Rx-Tx time difference in [3, TS38.215] above, UE TX reference time for UE Rx-Tx time difference metric depends on the closest UL subframe which is completely known by UE itself. Thus, obviously it is unnecessary to consider the period of SRS into the measurement period of UE Rx-Tx time difference. 
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Figure 1. Definition of UE Rx-Tx time difference measurements
In the last meeting, one of arguments to support the dependency of SRS periodicity and UE Rx-Tx time difference measurement period is that PRS and SRS are be configured independently by LMF or gNB. However, it shall be aware that UE reporting the Rx-Tx time difference results to LMF can know both SRS and PRS configuration in advance.  
[bookmark: _Hlk40461455]Observation 1: UE Rx-Tx measurement time does NOT depend SRS periodicity but SRS proximity (e.g. the closest “j”th UL SRS subframe to UE reception time for “i”th DL PRS subframe).
[bookmark: _Hlk40461550]Observation 2: UE Rx-Tx time difference measurement period delay relies on DL PRS reception and processing time ONLY because SRS transmission timing can be pre-known by UE before UE detected DL PRS timing successfully.   
[bookmark: _Hlk40461585]Proposal 1: UE Rx-Tx measurement delay depends on PRS periodicity, which can be same as that of PRS RSTD [2].
2.2. SRS Dropping Impacts on UE Rx-Tx Time Difference Measurement Period
As agreed in [1], one of specific remaining issues for UE Rx-Tx time difference measurement is Whether SRS dropping should be accounted in measurement period

	· Option 1: No
· Option 3b: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements), but the exact value is not specified.
· Option 3c: The UE Rx-Tx requirements apply, regardless of how many SRS are dropped.




Meanwhile, whether SRS dropping should be accounted in measurement period was also extensively discussed but without agreements. In our view, firstly in principle UE Rx-Tx time difference measurement period delay relies on DL PRS reception and processing time only as we explained above. On the other hand, PRS dropping is more frequently than SRS dropping because of more collision happened between PRS and other DL reference signal. According to the latest RAN plenary agreements, such PRS collision impacts will be not addressed in Rel16. Similarly, we don’t think SRS dropping shall include such delay requirements either.
Proposal 2: It needs NOT to take SRS dropping count into UE Rx-Tx measurement delay requirements.

2.3. Measurement Period with TA Change
In the last meeting, whether UE shall continue the UE Rx-Tx time difference measurement during which timing adjustment for its UL transmissions, autonomous adjustment or based on configured TA, occurred one or more times was discussed but without agreements.
	· FFS: whether UE shall continue the UE Rx-Tx time difference measurement during which timing adjustment for its UL transmissions, autonomous adjustment or based on configured TA, occurred one or more times
· FFS: for UE autonomous adjustment and for network issued TA change
· Consider the issue together with gNB Rx-Tx time difference measurement behavior




For UE Rx-Tx time difference measurement, UE can be aware of the timing adjustment (e.g. “d1” in Figure 2 below), which can be either gNB initiated or UE autonomously changing. Hence UE can report the exact Rx-Tx timing difference when there is TA changed during the measurement procedure. 
On the other hand, for gNB Rx-Tx time difference measurement, the neighbor cells may not know TA updates during this measurement period. Consequently, gNB can only report the measurement result to LMF assuming UE’s PRS TX timing without any TA change (e.g. “d2”). This implies that the potential error for gNB Rx-Tx time difference measurement is possible.  
However, theoretically the location estimated based on both UE Rx-Tx time difference and gNB Rx-Tx time difference can be represented as: 
RTT = UE Rx-Tx time difference report + gNB Rx-Tx time difference report
           = (UE Rx-Tx time difference w/o TA – d1) + (gNB Rx-Tx time difference w/o TA + d2)  
As a result, we can see if the timing adjustment change are consisted for both UE Rx-Tx measurement and gNB Rx-Tx measurement (e.g. d1=d2), the positioning estimation error due to TA change can be autonomously immigrated by LMF. 


Figure 2. UE and gNB Rx-Tx time difference measurement when TA changes
Observation 3: If the timing adjustment changes are same for both UE Rx-Tx measurement and gNB Rx-Tx measurement, the positioning estimation error due to TA change can be neglected.
Meanwhile, in case of there are multiple TA change and TA when UE Rx-Tx measurement and gNB Rx-Tx measurement are different, it is clear that the positioning accuracy will be impacted. How to compensate this TA change error can be up to UE/gNB/LMF implementation. 
Observation 4: It is also possible to introduce some positioning accuracy error if TA updates when UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement are variable. 
However, it should be noted that for DL PRS measurement (e.g. RSTD) the UE receives multiple PRS from multiple gNBs which can be far away each other there is no needs to update timing adjustment frequently. The UE is expected to be capable of receiving and processing correctly PRS measurement on all the gNBs. Similarly, for UE/gNB Rx-Tx time difference measurement, the impacts due to timing adjustment updates/change can be ignored practically.
Based on the above discussion, we can see that the TA adjustment may lead little positioning error in most practical scenarios in which TA are not changed too fast. 
Proposal 3: UE could continue UE/gNB Rx-Tx time difference measurement during which timing adjustment for its UL transmissions. But whether the accuracy requirements shall be applicable to such case can be FFS.

2.4. Proximity between SRS and PRS
In the previous RAN4 meeting, the main motivation to introduce the restriction on PRS and SRS proximity for UE Rx-Tx time difference measurement is to limit the possible timing error between UE Rx PRS@B and UE Tx SRS @A as given in Figure below. Generally, there are two possible ways which can introduce such timing gap when UE receiving DL PRS and UE transmitting UL SRS. One is the UE’s transmission timing error(Te), the other is the clock drifts.   


Figure 3. Proximity of PRS reception and SRS transmission in UE Rx-Tx timing difference measurements
In the last meeting, the following agreements were achieved also. 
	· FFS: Proximity between SRS and PRS
· Option 1. The measurement requirements for UE Rx-Tx timing difference is applicable only if the configured parameters SRS-Slot-offset and SRS-Periodicity for SRS resource for positioning are such that any SRS transmission is within [-25, 25] msec of at least one DL PRS resource of each of the TRPs in the assistance data
· Option 2. Rx-Tx timing difference measurement period requirements apply provided that there is at least one SRS transmission within the measurement period.
· Option 3. The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS. If the closest subframes #i and #j are separated by more than ½ subframe, the UE shall compensate for the difference in the received timing of radio frame #i used for TUE-TX estimation and the subframe #j.
· Other options not precluded



In our understanding, it is true that the too long separation between PRS and SRS can lead some measurement error. For an example, as the PRS configuration periodicity can be up to 20480 slots, the possible distance between the PRS and SRS measurement can be up to 20480/2 slots, in which the measurement error can be quite larger than our expectation (e.g. ~1024ns). That is, it is quite important and reasonable to confine the interval between PRS and SRS which are used for UE Rx-Tx time difference measurement.
However, given realistic PRS configuration in LTE (e.g. PRS periodicity = 160ms, 320ms), the range of allowed separation between them can be up to 320/2=160ms. It implies that for NR UE Rx-Tx time difference, similar restriction could be feasible to avoid the unexpected accuracy problem due to far-away separation between PRS and SRS. 
Observation 5: NR UE Rx-Tx time difference measurement accuracy requirements can be applicable when the following condition was satisfied: 
“The measurement requirements for UE Rx-Tx timing difference is applicable only if the configured parameters SRS-Slot-offset and SRS-Periodicity for SRS resource for positioning are such that any SRS transmission is within [-160, 160] ms”
In the last RAN4 meeting, the impacts of SRS/PRS being same band was also discussed without concensus.
	· Option 1: Basic requirements for UE Rx-Tx time difference measurements shall be based on the assumption that positioning SRS resources are in the same band as PRS frequency layers.
· Option 2: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.
· Option 3: no restriction to the same band



In pcinicple, if PRS is in the different SRS band, when measuring UE Rx-Tx time difference, the extra delay margin shall be added due to the RF chain swithching. But from the typical realistic deployments, such scenario is rarely happened. In order to clearly state the requirements applicialbity, we can prefer the following option.
Proposal 4: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource

3 Conclusion
In this contribution, some considerations on UE RX-TX time difference measurement requirements are provided and the following observations and proposals can be drawn: 
Observation 1: UE Rx-Tx measurement time does NOT depend SRS periodicity but SRS proximity (e.g. the closest “j”th UL SRS subframe to UE reception time for “i”th DL PRS subframe).
Observation 2: UE Rx-Tx time difference measurement period delay relies on DL PRS reception and processing time ONLY because SRS transmission timing can be pre-known by UE before UE detected DL PRS timing successfully.   
Proposal 1: UE Rx-Tx measurement delay depends on PRS periodicity, which can be same as that of PRS RSTD [2].
Proposal 2: It needs NOT to take SRS dropping count into UE Rx-Tx measurement delay requirements.
Observation 3: If the timing adjustment changes are same for both UE Rx-Tx measurement and gNB Rx-Tx measurement, the positioning estimation error due to TA change can be neglected.
Observation 4: It is also possible to introduce some positioning accuracy error if TA updates when UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement are variable. 
Proposal 3: UE could continue UE/gNB Rx-Tx time difference measurement during which timing adjustment for its UL transmissions. But whether the accuracy requirements shall be applicable to such case can be FFS.
Observation 5: NR UE Rx-Tx time difference measurement accuracy requirements can be applicable when the following condition was satisfied: 
“The measurement requirements for UE Rx-Tx timing difference is applicable only if the configured parameters SRS-Slot-offset and SRS-Periodicity for SRS resource for positioning are such that any SRS transmission is within [-160, 160] ms”
Proposal 4: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.
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