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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #108, the conclusions on RRM requirements for NR NTN enhancement were collected in WF [1]. In this contribution, we herein present our views and proposals on the remaining issues under the topic of  network verified UE location.
Discussion
In the last meeting, at the least one company proposed that the reporting range for UE Rx-Tx measurement shall be studied.
Below are the requirements about reporting range that are copied from TS38.133 V18.1.0.
	10.1.25.3.1	Absolute UE Rx-Tx Measurement Report Mapping
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, where: 
Tc is defined in TS 38.211 [6], 
kmin≤k≤kmax, 
kmin=[2] and kmax=5, when at least one of the PRS and the SRS resources configured for TUE Rx-Tx is in FR1,
kmin=0 and kmax=5, when both PRS and SRS resources configured for TUE Rx-Tx are in FR2,
k≥ timingReportingGranularityFactor [34] configured by LMF via LPP for the UE Rx-Tx time difference measurement.
The TUE Rx-Tx report mapping for k = 0, 1, 2, 3, 4, and 5 are specified in Tables 10.1.25.3.1-1, 10.1.25.3.1-2, 10.1.25.3.1-3, 10.1.25.3.1-4, 10.1.25.3.1-5, and 10.1.25.3.1-6, respectively.





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. Where, Time units  where  Hz and , Tc=5.08*10^(-4). Then, the reporting range is -0.5ms- +0.5ms.
The concern is that the range [-0.5ms, +0.5ms] isn’t insufficient for NTN because of the long propagation delay between UE and the satellite, which may be large than 0.5ms or 1ms further.
We understand the issue is relevant to the UE Rx-Tx time difference definition, specially the subframe index determining UE Rx-Tx time difference. According to TS38.215, the UE Rx-Tx time difference is:
	[bookmark: _Toc524695270][bookmark: _Toc29045131][bookmark: _Toc29901472][bookmark: _Toc29901519][bookmark: _Toc35596400][bookmark: _Toc44881136][bookmark: _Toc51776306][bookmark: _Toc98515735] 5.1.30	UE Rx – Tx time difference

	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 Transmission Point (TP) [18], 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 TP.

Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.

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,
RRC_INACTIVE






RAN1 has studied UE Rx – Tx time difference, and some discussions are summarized in Final feature lead summary: R1-2308608. The agreements are presented 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



It is clear that the (actual) UE RX-TX time difference measurement period shall be kept same as legacy R17 definition except for an additional offset.
Still same as the UE Rx-Tx time difference definition in TS38.215, the TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP, not based on the real SRS transmission time instant. Given that, the reporting range only need to cover a range of symbol length, i.e., [-0.5ms, +0.5ms]
Observation 1: No need to update the reporting range [-0.5ms, +0.5ms] for UE Rx-Tx measurement.

In the last meeting, at the least one company proposed to consider whether need to consider the impact of variations in  or  in the accuracy of UE RX-TX Time measurement.
Recap the relevant UE Rx-Tx time difference measurement accuracy in the below.
	10.1.25.2	Measurement Accuracy Requirements
The UE Rx-Tx time difference measurement accuracy requirements in this clause shall not apply, if:
NTA_offset defined in Table 7.1.2-2 changes during the UE Rx-Tx measurement period or
if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the network-configured Timing Advance.
The UE Rx-Tx time difference measurement accuracy requirements in this clause shall apply provided that:
-	The UE transmits SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPs in the assistance data.
If the uplink transmission timing changes during the UE Rx-Tx measurement period due to the autonomous timing adjustment defined in clause 7.1.2 then:
-	UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
-	UE Rx-Tx measurement accuracy requirements shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission, if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment. 
When a serving cell change occurs during the UE Rx-Tx measurement period, the UE Rx-Tx time difference measurement accuracy requirements in this clause shall apply provided that the serving cell change does not impact SRS configuration for the UE Rx-Tx measurement.
The relative accuracy of UE Rx-Tx measurement in this clause is defined as accuracy of the difference between two UE Rx-Tx measurements.
The accuracy requirements in Table 10.1.25.2-1 for FR1 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-1 [18] for reference sensitivity are fulfilled.



In legacy requirement, if the serving cell provides DL reference signal, the UE shall be able to do compensation to deal with timing changes during the UE Rx-Tx measurement period due to autonomous adjustment. In NTN, the autonomous adjustment shall take  or   into consideration besides of Tp and Tq.  But we don’t see the fundamental difference impacting The UE Rx-Tx time difference measurement accuracy. 
The requirements on Tp and Tq  in NTN are duplicated as follows:
	Table 7.1C.2.1-1: Tq_NTN Maximum Autonomous Time Adjustment Step and Tp_NTN Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	N/A
	N/A

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]






Also, the measurement report mapping is duplicated as follows:
	Table 10.1.25.3.1-6: Absolute UE Rx-Tx time difference measurement report mapping for k=5
	Reported Quantity Value
	Measured Quantity Value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx < -985024
	Tc

	RX-TX_TIME_DIFFERENCE_0001
	-985024  TUE Rx-Tx < -984992
	Tc

	RX-TX_TIME_DIFFERENCE_0002
	-984992  TUE Rx-Tx < -984960
	Tc

	
	
	…

	RX-TX_TIME_DIFFERENCE_30782
	-32  TUE Rx-Tx < 0
	Tc

	RX-TX_TIME_DIFFERENCE_30783
	0  TUE Rx-Tx < 32
	Tc

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_61563
	984960  TUE Rx-Tx < 984992
	Tc

	RX-TX_TIME_DIFFERENCE_61564
	984992  TUE Rx-Tx < 985024
	Tc

	RX-TX_TIME_DIFFERENCE_61565
	985024  TUE Rx-Tx
	Tc






It can be observed that Tp and Tq  is already much larger than the resolution/granularity of measurement report of the UE Rx-Tx time difference measurement. The UE can follow same way, even  or   are added into the autonomous adjustment.
Observation 2: No need to take variations of   or  into the UE Rx-Tx time difference accuracy requirement.

Conclusion
Observation 1: No need to update the reporting range [-0.5ms, +0.5ms] for UE Rx-Tx measurement.
Observation 2: No need to take variations of   or  into the UE Rx-Tx time difference accuracy requirement.
References
[1] R4-2310092, WF on NR NTN enhancement RRM requirements, Qualcomm
 


3

image1.wmf
(

)

f

max

c

1

N

f

T

×

D

=


oleObject1.bin

image2.wmf
4096

f

=

N


oleObject2.bin

