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1. Introduction
In [1], RAN1indicated that they adopted two cases for relay synchronization. In one of the two cases (DL Case 3), the relay transmit time is tightly synchronized to the transmit time of other cells, including its donor cell. In this document, we briefly discuss the means by which such tight synchronization can be obtained.  
2. Discussion 
In the context of HeNBs, three techniques for obtaining synchronization were discussed [2]. We revisit these techniques in the context of GPS. 

GPS/GNSS: This technique is typically used outdoors for macro eNBs. However, if relays are being considered for indoor scenarios (e.g. one of the cases in [3]), this may not be a viable option. Moreover, inclusion of GPS adds cost to the relay.    

IEEE 1588v2: Synchronization can be obtained by exchanging messages over a backhaul. This is typically used over a reliable wired backhaul (e.g. fiber) without jitter or asymmetric delays.   
Network Listening: In network listening, the relay observes the timing of a macro cell and sets its transmit time accordingly. In the case of relays, this comes for free as the relay has to monitor the donor macro cell anyway.    

Within the network listening case, both open-loop and closed-loop network listening were discussed for HeNBs. For the former, the transmit time of the HeNB is set based on the DL receive time from the macro. For closed-loop however, timing advance commands from the macro are utilized to estimate the propagation delay and correct for it. This would have added some complexity to the HeNB as a UE needs to be added to send an UL waveform and get TA commands.  
But in the case of relays, closed-loop network listening does not add any cost/complexity as the relay transmits on the UL to the donor eNB and will be time controlled by the eNB. Therefore, it is easy to obtain tight synchronization using network listening as it can set its TX time to:

Relay Access DL Tx time = Relay Backhaul DL Rx Time –Tprop
where Tprop is the propagation delay between the eNB and relay. Tprop is estimated based on the timing advance commands given to the relay, which in turn translate to However, there is one small caveat to make this work: 
Tprop = (Relay Backhaul Rx-Tx time difference - eNB Rx-Tx time difference) /2
The Relay Backhaul Rx-Tx time difference is measured at the relay, but the relay is unaware of the eNB Rx-Tx time difference. Therefore this should be signaled to the relay to allow it to set its DL transmit time. 
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Figure 1 Deriving Relay Timing using Closed Loop Network Listening
Note that this is essentially idential to E-CID technique used in positioning. So the mapping could be similar to that in TS 36.133 for UE Rx-Tx time difference used in positioning (see appendix). But other mappings could be studied as well as the level of granularity needed for positioning could be more accurate than what is needed for the relay.
3. Conclusion 

Proposal 1: We recommend that RAN4 adopt closed-loop network listening as a technique for obtaining synchronization for DL Case 3. 
Proposal 2: If this recommendation is adopted, an LS could be sent to RAN2 requesting them to provide signaling of eNB Rx-Tx time difference. 
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5. Appendix 

Table 9.1.9.2-1: UE Rx - Tx time difference measurement report mapping 

	Reported value
	Measured quantity value
	Unit

	RX-TX_TIME_DIFFERENCE_0000
	TUE Rx-Tx ( 2
	Ts

	RX-TX_TIME_DIFFERENCE_0001
	2 ( TUE Rx-Tx < 4
	Ts

	RX-TX_TIME_DIFFERENCE_0002
	4 ( TUE Rx-Tx < 6
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_2046
	4092 ( TUE Rx-Tx < 4094
	Ts

	RX-TX_TIME_DIFFERENCE_2047
	4094 ( TUE Rx-Tx < 4096
	Ts

	RX-TX_TIME_DIFFERENCE_2048
	4096 ( TUE Rx-Tx < 4104
	Ts

	RX-TX_TIME_DIFFERENCE_2049
	4104 ( TUE Rx-Tx < 4112
	Ts

	…
	…
	…

	RX-TX_TIME_DIFFERENCE_4093
	20456 ( TUE Rx-Tx < 20464
	Ts

	RX-TX_TIME_DIFFERENCE_4094
	20464 ( TUE Rx-Tx < 20472
	Ts

	RX-TX_TIME_DIFFERENCE_4095
	20472 ( TUE Rx-Tx
	Ts
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