Page 1

[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #94-e	R4-2000604
Online, 24th Feb. – 6th Mar. 2020

Title: 	Discussion on definition of Rx-Tx timing difference measurement
Source: 	CATT
Agenda item:	8.8.2.1.4
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction
The measurement of UE Rx – Tx time difference was introduced in Rel-16 RAN1 specification of NR Physical layer measurements [1]. It is defined as following:
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]TUE-RX is the UE received timing of downlink subframe #i from a positioning node, defined by the first detected path in time.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK62][bookmark: OLE_LINK63]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



For the measurement definition, some issues need to be discussed to align the understanding. This contribution will discuss these issues and give our understanding.

2.  Discussion
It is known that the Tx time is timing of UL signal transmitted by UE on serving cell controlled by the cell with TA command. So timing of the uplink subframe is based on timing of downlink subframe of serving cell and TA command. The UE Rx – Tx time difference measurement should be TA if it is measured on the serving cell and uplink timing is controlled aligned with downlink timing at gNB side.
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]In the definition of UE Rx – Tx time difference, TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received. We think the “closest in time” should mean that absolute value of the time different between time of uplink subframe #j and downlink subframe #i which is less than 0.5ms. Due to 100km coverage distance for NR cell is supported, the TA may be up to 0.667ms. The closest reference downlink subframe may be the ahead subframe. The measurement of UE Rx – Tx time difference will be time difference between time of downlink subframe #i-1 and time of upink subframe #j, i.e. TA – 1ms, will be negative value, as shown in figure 1.
It need clarify also that the subframe number #i or #j should be continue count number of subframes from downlink and uplink view for TDD mode due to uplink subframe and downlink subframe is not continuous.
The Rx time is timing of downlink subframe #i from a positioning node. From the measurement definition, the positioning mode may be serving cell, intra frequency neighbour cell, or inter frequency neighbour cell. Due to these cells may be un-synchronized, and/or propagation delays are different, the UE received timing of downlink subframe #i from a positioning node may have any timing offset (within 0 ~ 1ms) with timing of downlink subframe of serving cell as shown in figure 1. Having larger probability than serving cell, the measurement of UE Rx – Tx time difference of neighbour cell will be negative value.
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Figure 1. Relation of uplink and downlink subframe of gNB, UE, and positioning node

Observation 1: The UE Rx – Tx time difference measurement can be negative value.
So if above understanding is correct, the range of UE Rx – Tx time difference measurement should be -0.5ms ~ 0.5ms. The report mapping of the measurement should be designed based on range of -0.5ms ~ 0.5ms.
Observation 2: The report mapping of UE Rx – Tx time difference measurement should be designed coverage range of -0.5ms ~ 0.5ms.

On the other hand, similar measurement is defined for gNB, that is gNB Rx – Tx time difference. There are same issues for gNB Rx – Tx time difference measurement due to that the UE transmitting SRS may be connected with other gNB.
Observation 3: Similarly, the report mapping of gNB Rx – Tx time difference measurement should be designed coverage range of -0.5ms ~ 0.5ms.

If the measurements of UE Rx – Tx time difference and gNB Rx – Tx time difference are measured based on same pair subframes, the RTT can be calculated as RTT = (UE Rx – Tx time difference) + (gNB Rx – Tx time difference). The distance between UE and positioning node can be got from RTT for positioning. Due to the measurement is defined as “that is closest in time to the subframe #i received from the positioning node”, the measurements of UE Rx – Tx time difference and gNB Rx – Tx time difference may be measured based on different pair of subframes as in figure 1. In this case, (the UE Rx – Tx time difference) + (gNB Rx – Tx time difference) will be negative value as RTT – 1ms.
Observation 4: The RTT can be calculated from (UE Rx – Tx time difference) + (gNB Rx – Tx time difference). If calculated RTT is negative value, it should be corrected by adding 1ms.

If the understandings for definition of UE/gNB Rx – Tx time difference measurement can get to align in RAN4, the definition of mapping of the measurement should consider above observations. LS to RAN1 to clarify the understandings may be needed.

3. Conclusion
The document discusses the definition of UE Rx-Tx time difference measurement, and presents following observations:
Observation 1: The UE Rx – Tx time difference measurement can be negative value.
Observation 2: The report mapping of UE Rx – Tx time difference measurement should be designed coverage range of -0.5ms ~ 0.5ms.
Observation 3: Similarly, the report mapping of gNB Rx – Tx time difference measurement should be designed coverage range of -0.5ms ~ 0.5ms.
Observation 4: The RTT can be calculated from (UE Rx – Tx time difference) + (gNB Rx – Tx time difference). If calculated RTT is negative value, it should be corrected by adding 1ms.
The mapping of the measurement should consider above observations. LS to RAN1 to clarify the understanding may be needed.
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