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1 Introduction

UE Rx-Tx time difference measurements, based on Rel-16 PRS and Rel-16 SRS, can be configured for a serving cell only or can be configured for multiple cells to support multi-RTT positioning method. These measurements can be configured with or without PRS-RSRP measurements.
In [4], the following agreements were made for UE Rx-Tx:

· Side conditions:

· Serving cell:

· Option 1. -6 dB 

· Option 2. Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2. 

· Option 3. Not needed
· Reference cell:

· Not needed
· Accuracy requirements:

· Further discuss the applicability of Rx-Tx time difference accuracy requirements under
· Cell change 
· TA change
· Proximity of SRS and PRS:
· Further discuss the need for proximity condition of SRS and PRS resources in time for UE Rx-Tx time difference measurements
· Details FFS
In [3], the following was agreed for UE Rx-Tx time difference measurements:

· Accuracy requirements:

· Accuracy requirements under cell change are FFS

· Measurement period/UE behaviour/Accuracy requirements with TA adjustment are FFS
· Reporting criteria:
· Ecat for UE Rx-Tx time difference is FFS. 
· Option 1. 1 per positioning session 

· Option 2.  In multi-RTT positioning, each UE Rx-Tx time difference measurement reporting criterion corresponds to one frequency layer with Ecat = 1 indicating the total UE Rx-Tx time difference measurement reports according to signalled capabilities 
· Option 3: 
· intra-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and PRS-RSRP measurements (when configured together with the UE Rx-Tx) on at least TBD PRS resources, per intra-frequency layer
· inter-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and PRS-RSRP measurements (when configured together with the UE Rx-Tx) on at least TBD PRS resources, per inter-frequency layer
· Other options are not precluded
· Proximity of SRS and PRS in UE Rx-Tx time difference measurement: FFS
· whether the core measurement and performance requirements for UE Rx-Tx time difference applies if the configured SRS-Slot-offset and SRS-Periodicity parameters for SRS resource for positioning are such that any SRS transmission is within [-X, X] msec of at least one DL PRS resource from each of the TRPs in the assistance data.
· Option 1: the above constraint is not needed, i.e., no limit on X
· Option 2: the above constraint is needed, X is FFS
In [1], the following was agreed for UE Rx-Tx:
· UE Rx-Tx time difference measurement period:

· When UE Rx-Tx time difference measurement is configured to be measured along with PRS-RSRP using the same assistance data:

· then whether the measurement periods of UE Rx-Tx time difference measurement and PRS-RSRP are the same or not, is FFS.

· Otherwise: 
· In non-DRX the UE Rx-Tx time difference measurement period is FFS.

· When DRX is used then whether or not the UE Rx-Tx time difference measurement period depends on DRX cycle may depend on the positioning method; details are FFS.

· RAN4 needs to check RAN1/2 agreements if UE Rx-Tx time difference measurement can be configured to be measured along with RSTD using the same assistance data

· Side conditions for UE Rx-Tx time difference:

· Serving cell:
· Side conditions (PRS Es/Iot) for UE Rx-Tx time difference in FR1 are FFS.

· Side conditions (PRS Es/Iot) for UE Rx-Tx time difference in FR2 are FFS.

· Neighbour cell:
· Side conditions (PRS Es/Iot) for UE Rx-Tx time difference and for RSTD measurement in FR1 are the same.

· Side conditions (PRS Es/Iot) for UE Rx-Tx time difference and for RSTD measurement in FR2 are the same.

· UE Rx-Tx time difference measurement under cell change:

· If the cell change occurs on the serving cell where the SRS is configured then after the serving cell change:

· the UE shall restart the UE Rx-Tx time difference measurement;

· otherwise the UE shall continue the ongoing UE Rx-Tx time difference measurement.

In this contribution, we continue the discussion on open issues for UE Rx-Tx in NR Rel-16 positioning.
2 Discussion
2.1 UE Rx-Tx side conditions for serving cell
UE Rx-Tx side conditions for neighbor cells were agreed in [1], to be the same as for RSTD. No reference cell side conditions will be defined for UE Rx-Tx [4].The serving cell side conditions, however, remain still open. For the serving cell, a typical assumption is -3 dB for side conditions, which is proposed to reuse also for UE Rx-Tx.
· Proposal 1: Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2.
2.2 UE Rx-Tx time difference measurement period

2.2.1 The impact of SRS periodicity

The UE Rx-Tx time difference measurement is performed based on PRS but also SRS, both of which are not continuously available unlike CRS in LTE. Furthermore, the PRS and SRS support very large range of periodicities. The PRS resource periodicity (TperPRS) comprises:
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The periodic SRS resource can be configured with one of the following SRS periodicity (TSRS):

TSRS ( {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560} slots.

PRS and SRS can be configured independently, with their respective periodicities. Furthermore, SRS is configured by the serving cell via RRC while PRS is configured by LMF via LPP. Furthermore, SRS and PRS may even be on different frequencies. It is therefore practically impossible to require any dependency between the SRS configuration and PRS configuration.
· Observation 1: SRS and PRS are configured by different network nodes (serving cell and LMF, respectively).
· Observation 2: SRS and PRS may be on different frequencies (inter-frequency UE Rx-TX).

· Observation 3: UE Rx-Tx measurement period depends on the periodicity of SRS signals.
· Observation 4: UE Rx-Tx measurement period depends on the periodicity of PRS signals.

Therefore, both the PRS configuration and SRS configuration impact the measurement period of the UE Rx-Tx time difference measurement, e.g., both PRS periodicity and SRS periodicity.
· Proposal 2: UE Rx-Tx measurement period depends on max(PRS periodicity, SRS periodicity).
2.2.2 Time relation between SRS and PRS
RAN4 has discussed the need for a proximity condition of SRS and PRS resources in time for UE Rx-Tx time difference measurements.
Already in LTE it could happen that UL and DL subframes are quite separated in time and are not available in the same radio frame, e.g., for HD-FDD UE. Nevertheless, such UE can still perform UE Rx-Tx measurements. If that happens, the UE is required to compensate for the difference in the received timing of the radio frame with the UL subframe and the radio frame in which it did receive a DL transmission used for TUE-RX estimation.

The same approach shall be used in NR.

UE Rx-Tx time difference measurement definition in TS 36.214:
· The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:

TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.

TUE-TX is the UE transmit timing of uplink radio frame #i.

For a HD-FDD UE, if the UE does not receive any DL transmission in radio frame #i, it shall compensate for the difference in the received timing of radio frame #i and the radio frame in which it did receive a DL transmission used for TUE-RX estimation.

UE Rx-Tx time difference measurement definition in TS 38.215:

· 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.

· Proposal 3: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS.
· Proposal 4: 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.

2.2.3 The impact of dropped signals
According to [1], PRS may not be available occasionally, e.g., in SSB symbols or when the PRS slot is configured as UL slot for this UE, which may also impact the measurement period of the UE Rx-Tx time difference measurement which is based on PRS in DL.
Even SRS may not be available in all its configured instances since SRS dropping may occur, which may further impact the measurement period of the UE Rx-Tx time difference measurement.

The measurement period may need to be extended accordingly, to compensate for the number of PRS occasions not available at the UE over a certain time period due to their overlap with SSB symbols, at least when the number of the non-available PRS occasions is large and the SSB symbols location is known to the UE.

The exact extension can be further discussed by RAN4. For example, it can be proportional to max(TPRS,TSRS)*X, where TPRS and TSRS are the PRS periodicity and SRS periodicity, respectively, and N is the number of time intervals of length max(TPRS,TSRS) where at least one of PRS and SRS is dropped.
· Proposal 5: UE Rx-Tx measurement period is extended by (T, to compensate for the number of PRS occasions dropped due to their overlap with SSB symbols.
· The maximum for the allowed extension (T shall be limited.

· Proposal 6: UE Rx-Tx measurement period is extended due to dropped SRS.
· Proposal 7: When the measurement period is extended, the increase in the measurement period depends at least on the periodicity of the PRS/SRS resource which has non-available occasions and the number of such non-available PRS/SRS occasions, but may further depend on the measurement gap configuration, DRX, etc.
· The extension is proportional to max(TPRS,TSRS)*X, where TPRS and TSRS are the PRS periodicity and SRS periodicity, respectively, and X is the number of time intervals of length max(TPRS,TSRS) where at least one of PRS and SRS is dropped.

· Proposal 8: If the number of PRS/SRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
2.2.4 UE Rx-Tx measurement under NTA_offset change
In NR, there are three possible NTA offset values for FR1 and one (but likely more in the future) NTA offset value for FR2. At least in FR1 the UE can be configured by the gNB with one of the three possible NTA offset values. The NTA offset introduces a bias in the timing measurement which involves measurement on at least the signal transmitted by the UE. The bias will induce substantial error in the positioning accuracy. The bias can be removed by the network (e.g. positioning node, base station etc) if the same NTA offset is consistently used during the measurement period. However, any change in the NTA offset during the measurement period may lead to unpredictable bias which in turn may lead to failing the positioning. 
· Proposal 9: The requirements for UE Rx-Tx time difference measurement apply, provided the NTA offset has not changed during the measurement period.
2.2.5 UE Rx-Tx measurement period
Assume NPRS,req comb pattern realizations are required for a UE Rx-Tx time difference measurement, where NPRS,req can depend on FR1/FR2, bandwidth, Es/Iot, etc. 
· Proposal 10: When no measurement gaps are used, the UE Rx-Tx measurement period can be defined as:

T = ceil(NPRS,req / KPRS) ( max(TPRS, TSRS) + (T,
where

· KPRS= LPRS/CombSizeN ( ResourceRepetitionFactor is the number of comb pattern realizations within a single TPRS, 
· LPRS is the number of PRS symbols pe slot,

· (T is the extension due to dropped signals (see section 2.2.3),

· NPRS,req comb pattern realizations are required for a UE Rx-Tx time difference measurement.

· Proposal 11: When measurement gaps are used, K´PRS (K´PRS≤KPRS) is the number of comb realizations within the effective measurement time of a measurement gap, and the measurement period becomes:

T = ceil(NPRS,req / K´PRS) ( max(TPRS, TSRS, MGRP) ( CSSF  + (T.

2.3 UE Rx-Tx time difference measurement under cell change
In [1], it was agreed:

· If the cell change occurs on the serving cell where the SRS is configured then after the serving cell change:

· the UE shall restart the UE Rx-Tx time difference measurement;

· otherwise the UE shall continue the ongoing UE Rx-Tx time difference measurement.

However, it has not been discussed yet which requirements shall apply upon the serving cell change, when the UE continues the on-going UE Rx-Tx time difference measurement. Different types of serving cell changes need to be considered.

· Proposal 12: When the on-going UE Rx-Tx measurement continues under a serving cell change (according to the earlier agreement), the UE Rx-Tx time difference measurement period is extended, and the extension depends on the number of serving cell changes and on the corresponding interruption time.

· Proposal 13: Applicable accuracy requirements for UE Rx-Tx measurements under cell change:

· For intra-frequency serving cell change, intra-frequency accuracy applies;

· For inter-frequency serving cell change, 

· When the measured inter-frequency becomes a serving carrier frequency: inter-frequency accuracy applies, 

· When the measured inter-frequency remains inter-frequency: inter-frequency accuracy applies, 

· When the measured intra-frequency becomes inter-frequency: inter-frequency accuracy applies. 
2.4 Intra-/Inter-Frequency UE Rx-Tx measurement definitions and the need for gaps

· Proposal 14: Intra- and inter-frequency UE Rx-Tx measurements are defined according to the table below.
Table 1: Intra-/inter-frequency UE Rx-Tx measurements and the need for gaps
	
	Definition
	Need for measurement gaps

	Intra-frequency
	· The center frequency of PRS BW is the center frequency of a serving cell SSB

· The SCS PRS is the same as that of a serving cell SSB
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	needed
	Measured PRS bandwidth is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	needed
	Measured PRS bandwidth is not fully within the active BWP of the UE


· Proposal 15: The need for measurement gaps is determined by whether the measured PRS bandwidth is fully within the active BWP of the UE or not.
· Proposal 16: Measurement gaps applicability for UE Rx-Tx:
· At least all Rel-15 measurement gap configurations for NR are also applicable for UE Rx-Tx measurements (this has been already agreed for NR E-CID measurements)
· FFS: Additionally, new measurement gap patterns may need to be specified
· Measurement gaps applicability is clarified for UE Rx-Tx measurements in Section 9.1.2.
New UE measurement gaps for positioning purpose are further discussed in a separate contribution [5].
2.5 Measurement and reporting capability for UE Rx-Tx measurements
In RAN1#99, the following agreements were made:

UE can be configured for DL PRS processing according to the following table:
	Description
	Maximum numbers for DL PRS resources
	Values that can be signaled as part of UE Capability 

	Max number of frequency layers (X1)


	X1=4


	Values = {1,4}

FFS: other values 

	Max number of TRPs per frequency layer (X2)
	X2=64
	

	Max number of PRS resource sets per TRP (X3) per frequency layer
	X3=2


	Values = {1,2}

	Max number of Resources per PRS resource set (X4)
	X4=64


	FFS: values

	Max number of DL PRS Resources per UE (X5)
	NA
	FFS: values

	Max number of TRPs for all frequency layers (X6) per UE
	256
	FFS: values

	Max number of Resources per frequency layer (X7)
	NA


	FFS: values


Note: This does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.

For NR positioning, the following is therefore proposed:

· Proposal 17: Ecat=1 for intra-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and also PRS-RSRP measurements (when configured for multi-RTT) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
· Proposal 18: Ecat=1 for inter-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and also PRS-RSRP measurements (when configured for multi-RTT) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
2.6 UE Rx-Tx measurement requirements under TA adjustment

In [1], the following agreement related to TA was made:
· Impact of PRS based measurements on UE timing:
· Existing requirements on UE transmit timing in section 7.1 and TA in section 7.3 in TS 38.133 shall apply during the PRS based positioning measurements.

However, with the above agreement, it is unclear what is the UE behavior and what are the UE requirements for the UE Rx-Tx measurement during which timing adjustment was applied at least once.
TA adjustment, configured or autonomous, can occur multiple times during the same UE Rx-Tx measurement time period, therefore dropping the UE Rx-Tx measurement every time the TA occurs would be unfortunate and this resulted in a lot resources just wasted, both at the UE side and at the network side. Therefore, the UE shall continue the measurement, but it can compensate the measurement by the amount of the timing adjustment applied at the UE during the UE Rx-Tx measurement period.
· Proposal 19: The 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.

· Proposal 20: The UE shall meet the same accuracy requirements, regardless of whether timing adjustment occurred or not.

· Proposal 21: The UE can compensate the measurement by the amount of the timing adjustment applied at the UE during the UE Rx-Tx measurement period.

3 Summary

Side conditions:
· Proposal 1: Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2.

Measurement and accuracy requirements:
· Observation 1: SRS and PRS are configured by different network nodes (serving cell and LMF, respectively).
· Observation 2: SRS and PRS may be on different frequencies (inter-frequency UE Rx-TX).

· Observation 3: UE Rx-Tx measurement period depends on the periodicity of SRS signals.

· Observation 4: UE Rx-Tx measurement period depends on the periodicity of PRS signals.

· Proposal 2: UE Rx-Tx measurement period depends on max(PRS periodicity, SRS periodicity).
· Proposal 3: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS.

· Proposal 4: 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.

· Proposal 5: UE Rx-Tx measurement period is extended by (T, to compensate for the number of PRS occasions dropped due to their overlap with SSB symbols.
· The maximum for the allowed extension (T shall be limited.

· Proposal 6: UE Rx-Tx measurement period is extended due to dropped SRS.

· Proposal 7: When the measurement period is extended, the increase in the measurement period depends at least on the periodicity of the PRS/SRS resource which has non-available occasions and the number of such non-available PRS/SRS occasions, but may further depend on the measurement gap configuration, DRX, etc.
· The extension is proportional to max(TPRS,TSRS)*X, where TPRS and TSRS are the PRS periodicity and SRS periodicity, respectively, and X is the number of time intervals of length max(TPRS,TSRS) where at least one of PRS and SRS is dropped.

· Proposal 8: If the number of PRS/SRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
· Proposal 9: The requirements for UE Rx-Tx time difference measurement apply, provided the NTA offset has not changed during the measurement period.
· Proposal 10: When no measurement gaps are used, the UE Rx-Tx measurement period can be defined as:

T = ceil(NPRS,req / KPRS) ( max(TPRS, TSRS) + (T,

where

· KPRS= LPRS/CombSizeN ( ResourceRepetitionFactor is the number of comb pattern realizations within a single TPRS, 

· LPRS is the number of PRS symbols pe slot,

· (T is the extension due to dropped signals,

· NPRS,req comb pattern realizations are required for a UE Rx-Tx time difference measurement.

· Proposal 11: When measurement gaps are used, K´PRS (K´PRS≤KPRS) is the number of comb realizations within the effective measurement time of a measurement gap, and the measurement period becomes:

T = ceil(NPRS,req / K´PRS) ( max(TPRS, TSRS, MGRP) ( CSSF  + (T.

· Proposal 12: When the on-going UE Rx-Tx measurement continues under a serving cell change (according to the earlier agreement), the UE Rx-Tx time difference measurement period is extended, and the extension depends on the number of serving cell changes and on the corresponding interruption time.
· Proposal 13: Applicable accuracy requirements for UE Rx-Tx measurements under cell change:

· For intra-frequency serving cell change, intra-frequency accuracy applies;

· For inter-frequency serving cell change, 

· When the measured inter-frequency becomes a serving carrier frequency: inter-frequency accuracy applies, 

· When the measured inter-frequency remains inter-frequency: inter-frequency accuracy applies, 

· When the measured intra-frequency becomes inter-frequency: inter-frequency accuracy applies. 
Intra-/inter-frequency:
· Proposal 14: Intra- and inter-frequency UE Rx-Tx measurements are defined according to the table below.

Table 1: Intra-/inter-frequency UE Rx-Tx measurements and the need for gaps
	
	Definition
	Need for measurement gaps

	Intra-frequency
	· The center frequency of PRS BW is the center frequency of a serving cell SSB

· The SCS PRS is the same as that of a serving cell SSB
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	needed
	Measured PRS bandwidth is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met
	not needed
	Measured PRS bandwidth is fully within the active BWP of the UE

	
	
	needed
	Measured PRS bandwidth is not fully within the active BWP of the UE


Measurement gaps:

· Proposal 15: The need for measurement gaps is determined by whether the measured PRS bandwidth is fully within the active BWP of the UE or not.
· Proposal 16: Measurement gaps applicability for UE Rx-Tx:
· At least all Rel-15 measurement gap configurations for NR are also applicable for UE Rx-Tx measurements (this has been already agreed for NR E-CID measurements)
· FFS: Additionally, new measurement gap patterns may need to be specified
· Measurement gaps applicability is clarified for UE Rx-Tx measurements in Section 9.1.2.
Reporting criteria / capabilities:

· Proposal 17: Ecat=1 for intra-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and also PRS-RSRP measurements (when configured for multi-RTT) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per intra-frequency layer.
· Proposal 18: Ecat=1 for inter-frequency UE Rx-Tx measurements, 1 report capable of UE Rx-Tx measurements and also PRS-RSRP measurements (when configured for multi-RTT) on at least X2 TRPs, X3 PRS resource sets per TRP, and X4 PRS resources per PRS resource set, per inter-frequency layer.
UE Rx-Tx during TA change:
· Proposal 19: The 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.

· Proposal 20: The UE shall meet the same accuracy requirements, regardless of whether timing adjustment occurred or not.

· Proposal 21: The UE can compensate the measurement by the amount of the timing adjustment applied at the UE during the UE Rx-Tx measurement period.
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