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In RAN4#80bis, the issue on how to interpret the definition of the UE Rx-Tx time difference measurement in TS 36.214 was discussed for the cases when the UE cannot perform both uplink and downlink transmission at the same radio frame #i, such as NB-IoT, where only HD-FDD is currently supported.
In this paper, we give our view on the interpretation of the UE Rx-Tx time difference definition and suggestion on how to make the definition clearer without confusion.
Discussion
In TS 36.214, both UE Rx-Tx and eNB time difference measurements are defined with similar definitions
5.1.15	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 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.

The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector.



[bookmark: _Toc453597124]5.2.5	eNB Rx – Tx time difference
	Definition
	The eNB Rx – Tx time difference is defined as T eNB-RX – TeNB-TX

Where:
T eNB-RX is the eNB received timing of uplink radio frame #i, defined by the first detected path in time.
The reference point for TeNB-RX shall be the Rx antenna connector.
T eNB-TX is the eNB transmit timing of downlink radio frame #i.
The reference point for TeNB-TX shall be the Tx antenna connector.



The purpose of defining the UE Rx-Tx and eNB time difference measurements is to get the round trip time (RTT) from E-CID positioning. First, let us take a look at the full duplex case, where both BS and UE may transmit and receive the same radio frame. As shown in Figure, we have:
UE Rx-Tx Time difference = 
BS Rx-Tx Time difference = 
With the combination of the UE and BS Rx-Tx Time difference measurements; we get
	Round trip time (RTT) = BS Rx-Tx Time difference) + (UE Rx-Tx Time difference)
It is worthy to point out that although full duplex UE is capable of receive DL radio frame#i and transmit UL radio frame#i simultaneously, it actually does not need to make the real UL transmission of the UL radio frame#i in order to get the UE Rx-Tx time difference. The UE should be able to obtain the UE Rx-Tx time difference based on the internal timing for the UL Tx radio frames. 
Observation 1: Although a full duplex UE is capable of receiving DL radio frame#i and transmitting UL radio frame#i simultaneously, it actually does not need to make the real UL transmission of radio frame#i in order to get the UE Rx-Tx time difference when it receives the DL radio frame#i. In another word, TUE-TX is the timing of uplink radio frame #i of the UE, and timing of uplink radio frame #i is known to the UE regardless whether the UE performs the real UL transmission at radio frame#i or not.
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Figure 1. Illustration of the relationship between RTT and UE/BS Rx-Tx timing differences in full duplex mode
Now, let us take a look at the half-duplex case, where the UE cannot transmit and receive the same radio frame at the same time. As shown in Figure 2, when UE receives the DL radio frame#i, the UE is not capable of transmit UL radio frame#i simultaneously. However, since the UE does not actually perform the real UL transmission in order to know its UL transmission for UL radio frame#i, the UE should still be able to determine its UE Rx-Tx Time difference based on its internal UL frame transmission timing for radio frame#i without actually perform the UL transmission. 
Similarly, the BS should also be able of determine BS Rx-Tx timing difference without the actually performing the real DL transmission. 
Observation 2: Although a half-duplex UE is not capable of receiving DL radio frame#i and transmitting UL radio frame#i simultaneously, it should be able to obtain the UE Rx-Tx time difference when it receives the DL radio frame#i. As a full duplex UE, a half-duplex UE does not need to carry out the real UL transmission at radio frame#i in order to know the timing of uplink radio frame #i, since the timing of uplink radio frame #i will be the same regardless whether the UE performs the UL transmission at radio frame#i.
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Figure 2. Illustration of the relationship between RTT and UE/BS Rx-Tx timing differences in half-duplex mode
In addition, since the UE should be able to determine UE Rx-Tx time difference measurements when it receives a DL radtio frame without actually performing the UL transmission with the same radio frame number, the UE Rx-Tx time difference measurements is independent of when the UE performs the transmission of next UL radio frame , or the interval between time to receive a DL radtio frame and and the time to transmit a next UL radtio frame .
Observation 3: The UE Rx-Tx Time difference measurement is independent of the UE UL and DL transmission configuration.
Observation 4: Since UE Rx-Tx Time difference measurement is independent of the UE UL and DL transmission configuration, the existing UE Rx-Tx Time difference reporting range and table should be applicable to NB-IoT UEs. 
As we mentioned before, the UE actually does not need to perform the UL transmission in order to obtain the UE Rx – Tx time difference measurements, the current definition on UE Rx – Tx time difference may cause some confusion, where TUE-TX is defined as the UE transmit timing of uplink radio frame #i. Therefore, one way to make this clearer is to remove “transmit” in the definition of TUE-TX , since the UE does not need to transmit uplink radio frame #i in order to get the measurement. 
5.1.15	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 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 of the UE. 

The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector.



Similar with the case of UE Rx – Tx time difference, when the eNB receives the UL radio frame#k (as shown in Figure 2), the eNB should be able to get the eNB Rx – Tx time difference without performing real DL transmission at radio frame#k, since the eNB knows the timing of downlink radio frame #k regardless whether the BS performs the real DL transmission at radio frame#k or not, because the timing of DL radio frame #k will be the same regardless whether the BS performs the DL transmission at radio frame#k.
5.2.5	eNB Rx – Tx time difference
	Definition
	The eNB Rx – Tx time difference is defined as T eNB-RX – TeNB-TX

Where:
T eNB-RX is the eNB received timing of uplink radio frame #i, defined by the first detected path in time.
The reference point for TeNB-RX shall be the Rx antenna connector.
T eNB-TX is the eNB transmit timing of downlink radio frame #i of the eNB.
The reference point for TeNB-TX shall be the Tx antenna connector.



Conclusion
In this paper, we discussed the UE Rx-Tx time difference measurements.
Observation 1: Although a full duplex UE is capable of receiving DL radio frame#i and transmitting UL radio frame#i simultaneously, it actually does not need to make the real UL transmission of radio frame#i in order to get the UE Rx-Tx time difference when it receives the DL radio frame#i. In another word, TUE-TX is the timing of uplink radio frame #i of the UE, and timing of uplink radio frame #i is known to the UE regardless whether the UE performs the real UL transmission at radio frame#i or not. 

Observation 2: Although a half-duplex UE is not capable of receiving DL radio frame#i and transmitting UL radio frame#i simultaneously, it should be able to obtain the UE Rx-Tx time difference when it receives the DL radio frame#i. As a full duplex UE, a half-duplex UE does not need to carry out the real UL transmission at radio frame#i in order to know the timing of uplink radio frame #i, since the timing of uplink radio frame #i will be the same regardless whether the UE performs the UL transmission at radio frame#i.

Observation 3: The UE Rx-Tx Time difference measurement is independent of the UE UL and DL transmission configuration.

Observation 4: Since UE Rx-Tx Time difference measurement is independent of the UE UL and DL transmission configuration, the existing UE Rx-Tx Time difference reporting range and table should be applicable to NB-IoT UEs.

Based on the discussion, we propose:
Proposal 1: Either keeping the current definition for UE/BS Rx – Tx time difference definitions, or make the following clarification to current the definitions to Rx – Tx time differences: 
5.1.15	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 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 of the UE. 
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The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector.



5.2.5	eNB Rx – Tx time difference
	Definition
	The eNB Rx – Tx time difference is defined as T eNB-RX – TeNB-TX

Where:
T eNB-RX is the eNB received timing of uplink radio frame #i, defined by the first detected path in time.
The reference point for TeNB-RX shall be the Rx antenna connector.
T eNB-TX is the eNB transmit timing of downlink radio frame #i of the eNB.
The reference point for TeNB-TX shall be the Tx antenna connector.
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