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1 Introduction
A scenario of RN mobility that UEs connected to a Relay Node (RN) that is located in public transportation such as train, bus, etc. is considered in this paper. From technical aspect, RN mobility would result in group mobility of the UEs connected to the RN as shown in Figure 1. Source DeNB is supposed to release RN context when the handover procedure is completed. This paper addresses the timing with associated trigger event for Source DeNB to release RN context.
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Figure 1. Group mobility of UEs due to RN mobility
2 Discussion
2.1 Timing of Source DeNB to release RN context
According to the procedure of UE handover between eNBs, the context of UE at the source eNB is released when path switch is completed. However, the situation for RN mobility is more complicated since the handover procedure of RN between DeNBs should include three stages as illustrated in Figure 2: (1) RN handover as a regular UE, (2) Path Switch for RN, and (3) Path Switch for UEs. The timing as well as the method of activation for the source DeNB to release RN context has to be investigated.
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Figure 2. RN handover procedure

2.2 Solutions
Solution 1: RN context is released when RN path switch is completed (in stage 2)

This solution is similar to the procedure of UE handover between eNBs. The target DeNB sends out the message of “Release RN Context” to the source DeNB when path switch for RN is completed as illustrated in Figure 3.
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Figure 3. RN context is released when RN path switch is completed
Solution 2: RN context is released when path switch for UEs is completed, by means of timer.

Solution 2 and Solution 3 are both to delay the release of RN context until path switch for UEs is completed. This solution uses a timer to determine when the target DeNB should send out the message of “Release RN Context”, as illustrated in Figure 4. The timer is reset each time when a new path switch request Ack arrives. When no new path switch request Ack has arrived for a pre-defined period of time, the timer expires and RN context is released.
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Figure 4. RN context is released when path switch for UEs is completed, by means of timer
Solution 3: RN context is released when path switch for ALL UEs is completed, by means of explicit signaling.

In this solution, RN notifies the target DeNB the total number of path switch requests for UEs. When the number of path switch request Ack has reached the total number, the target DeNB sends out the message of “Release RN Context”, as illustrated in Figure 5.
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Figure 5. RN context is released when path switch for ALL UEs is completed, by means of explicit signalling
2.3 Analysis
Table 1 shows comparison result of the above-mentioned solutions.

With regards to Solution 1, no extra signaling or mechanism is required in this solution at the cost of inevitable UE packet loss, since RN context is released before path switch for UEs connected to RN.

With regards to Solution 2, timer mechanism is required at the target DeNB. UE packet loss is likely to happen, although it’s milder than that of Solution 1. The solution also presents the difficulty of choosing a proper value of timeout.

With regards to Solution 3, extra signaling carrying the total number of path switch requests from RN to the target DeNB and counting for the number of received path switch request Ack at the target DeNB are required. There is no UE packet loss in this solution.

In light of the goal of reducing packet loss as much as possible during handover, and also considering the minor cost of added signaling, Solution 3 is considered to be superior to the other solutions.
Table 1: Solution comparison
	
	Solution 1
	Solution 2
	Solution 3

	UE packet loss probability
	High
	Low
	No loss

	DeNB impact
	No impact
	Timer mechanism.

Difficult to choose a proper value of timeout.
	Recognition of the extra signal

Counting for the number of received path switch request Ack. 

	RN impact
	No impact
	No impact
	Extra signaling for the total number of path switch request for UEs


2.4 Further enhancements for Solution 3
Solution 4: Aggregating path switch requests for UE path switch at RN

By taking advantage of the explicit signaling used in Solution 3 for UE path switch, all path switching requests issued by RN can be aggregated as a single message namely “Aggregate Path Switch Request”, which can greatly reduce the usage of the limited radio resource between RN and Target DeNB. This solution is illustrated in Figure 6.
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Figure 6. Aggregate Path Switch Request from RN to Target DeNB

Solution 5: Advancing the process of path switch for UEs right after RN path switch.

As illustrated in Figure 7, in order to reduce the handover latency for RN mobility, the process of path switch for UEs could be triggered earlier at the time right after RN path switch is done, since at that time the physical connection from RN to EPC is already available. However, performing path switch for UEs before finishing S1-interface setup between RN, Target DeNB, and UE’s MME, may increase the chance of path switch failure.
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Figure 7. Advancing the process of path switch for UEs
3 Conclusions
This paper addresses the timing and associated mechanism of releasing RN context at the source DeNB for RN mobility. In conclusion, the following is proposed:

Proposal 1: The source DeNB should release RN context when path switch of all UEs under the RN is completed, which is notified by the RN with explicit and aggregate signaling. 
Proposal 2: Advancing the process of UE path switch is worth further investigation since it can reduce RN handover latency.
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