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1
Introduction
In RAN3#75bis, it was agreed to start an email discussion to compare the different moving relays architecture options. The different architecture options for the moving relays can be summarized in the following three architecture options:

1. Alternative 1 based moving relay architecture group: Where the moving relay architecture is derived from the architecture alternative A 1 that was discussed for the fixed relays. 

2. Alternative 2 based moving relay architecture group: Where the moving relay architecture is derived from the current rel 10 architecture alternative for fixed relays. 
3. Alternative 4 based moving relay architecture group: Where the moving relay architecture alternative is derived from the architecture alternative B4 for fixed relays.
In this contribution we provide further guidelines for the comparison between the different architecture options by introducing the worst case user plane handover latency as a comparison metric. First, we will develop a simplified evaluation procedure of worst case handover latency that was derived from [1], and then a comparison table is provided that compares the HO latency between architecture alternatives 1, 2 and 4. The detailed study was presented within ARTIST4G FP7 European project mainly in [2]. In this contribution, the salient results are recalled. 
2
Discussion
The different moving relays architectures are recalled hereafter. Current discussions are mainly based on the RAN3#75bis report [3].

Architecture Alternative 1 
In architecture alternative 1, the user plane handling for the UEs connected to m-RN and the corresponding path switches are naturally grouped within the S/P-GW of the moving relay node that is a distinct node in the core network. This allows a group handover procedure of the UEs user plane during the m-RN mobility. The overall handover procedure for the moving relay in this case is described in Figure 1.
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Figure 1: Moving relay handover based on architecture alternative 1

The worst case handover latency of the moving relay within the architecture alternative 1 can be calculated, based on the flow chart above with the following assumptions, taken from [1]:

· The one way transmission delay over Un is similar to the one way transmission over Uu interface and is evaluated to 2ms.

· The one way transmission delay over S1/X2 interface is 5ms 

· The admission control at the target DeNB for the moving relay is around 5ms

· The backhaul reconfiguration delay at the target DeNB is around 20ms
· Processing delay in the nodes is around 2ms.
	Message
	Latency

	m-RN transmit measurements to S-DeNB and processing in DeNB
	2 ms + 2 ms

	HO request S-DeNB ( T-DeNB and processing at T-DeNB
	5 ms + 2 ms

	Admission control at T-DeNB
	5 ms

	HO-request Ack T-DeNB( S-DeNB + RRC to m-RN
	5 ms + 2 ms

	SN status transfer S-DeNB ( T-DeNB
	5 ms

	Backhaul reconfiguration
	20 ms

	Path switch request T-DeNB ( MME(RN)+processing in MME (RN)
	5 ms + 2 ms

	Update user plane MME(RN) ( S/P-GW(RN)+ processing in S/P-GW(RN)
	5 ms + 2 ms

	DL path switch in S/P-GW (RN) and update user plane response ( MME (RN)
	5 ms + 5 ms

	Path switch request Ack MME (RN) ( T-DeNB + processing in T-DeNB
	5 ms + 2 ms

	m-RN context release T-DeNB ( S-DeNB and processing in T-DeNB
	5 ms + 2 ms

	End Marker ( S/P-GW RN t( S-DeNB)
	5 ms

	Total latency
	91 ms


Table 1: Handover latency in moving relay within architecture alternative 1
It is seen that when the above assumptions are taken, the moving relay handover latency is in the same order of the handover latency of a UE.
Architecture Alternative 2 

In [3], the moving relay architecture based on architecture alternative 2 is very similar to the architecture alternative 1 from the handover latency point of view since in this case; the mobility anchor of the moving relay is located in the initial DeNB. The possible handover flow chart for the alternative 2 based moving relay handover is described in the Figure 2
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Figure 2: Moving relay handover based on architecture alternative 2

We have considered in this flow chart only the architectures options 2 and 2.2, since we don’t see clear difference between architecture alternative 1 and the alternative 2.3 of [3]. The red arrows is corresponding to new signalling since target DeNB or source DeNB should inform initial DeNB that moving relay have changed its serving DeNB. This signalling is very similar to binding update procedure of the mobile IP mobility management. Initial DeNB will then forward the user plane, i.e. (GTP-U) forwarding or IP forwarding, to the target DeNB. The overall handover latency analysis is given in the Table 2
	Message
	Latency

	m-RN transmit measurements to S-DeNB and processing in DeNB
	2 ms + 2 ms

	HO request S-DeNB ( T-DeNB and processing at T-DeNB
	5 ms + 2 ms

	Admission control at T-DeNB
	5 ms

	HO-request ACK T-DeNB( S-DeNB + RRC to m-RN
	5 ms + 2 ms

	Backhaul reconfiguration
	20 ms

	Path switch request T-DeNB ( MME(RN)+processing in MME (RN)
	5 ms + 2 ms

	Path switch request ACK MME(RN) ( T-DeNB + processing in T-DeNb
	5 ms + 2 ms

	OAM reconfiguration of m-RN
	12 ms

	Binding update S-DeNB( T-DeNB
	5ms

	Data forwarding S-DeNB( T-DeNB(m-RN
	5ms+2ms

	Total latency
	81(ms)


Table 2: Handover latency in moving relay within architecture alternative 2

When the initial DeNB changes during the moving relay handover, the overall handover latency increases since path switch needs to be performed for the UEs attached to the moving relay between the old Initial DeNB and the new Initial DeNB. The moving relay handover procedure with Initial DeNB re-allocation is given in Figure 3
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Figure 3: Moving relay handover based on architecture alternative 2 with initial DeNB reallocation

When initial DeNB reallocation is considered, the moving relay re-establish S1 connectivity with target DeNB and the path switches for all the N UEs attached to the old initial DeNBs are performed to the new initial DeNB. The S1 connectivity reestablishment is evaluated in the following table as 24ms.
	Message 
	Latency 

	m-RN transmit measurements to S-DeNB and processing in DeNB 
	2 ms + 2 ms 

	HO request S-DeNB ( T-DeNB and processing at T-DeNB 
	5 ms + 2 ms 

	Admission control at T-DeNB 
	5 ms 

	HO-request Ack T-DeNB( S-DeNB + RRC to m-RN 
	5 ms + 2 ms 

	SN status transfer S-DeNB ( T-DeNB 
	5 ms 

	OAM reconfiguration of m-RN 
	12 ms 

	Path switch request T-DeNB ( MME(RN)+processing in MME (RN) 
	5 ms + 2 ms 

	Path switch request ACK MME(RN) ( T-DeNB + processing in T-DeNb 
	5 ms + 2 ms 

	Backhaul reconfiguration 
	20 ms 

	S1 setup 
	24 ms 

	Path switch request T-DeNB ( MME(UE)+processing in MME(UE) 
	5 ms + 2 ms 

	Update user plane MME(UE) ( S-GW (UE) and DL path switch in S-GW (UE) 
	5 ms + 5 ms 

	Update user plane resp S-GW(UE) ( MME (UE) and processing in MME (UE) 
	5 ms + 2 ms 

	Path switch request Ack MME (UE) ( T-DeNB and processing in T-DeNB 
	5 ms + 2 ms 

	Total latency 
	98+Nx31(ms) 


Table 3: Handover latency in moving relay within architecture alternative 2 with initial DeNB reallocation 

The details of the calculations of the Table 3 are given in [2] and the handover latency considered is the worst case handover latency since it is assumed that there is N path switches to perform between the old initial DeNB and the new initial DeNB.  Note that the dual relay architecture alternative 2.1 of [3] exhibits similar performance that the worst case handover latency of Table 3.

Architecture Alternative 4 

The moving relay architecture based on architecture 4 is also considered as possible candidate for moving relays. Possible moving relay handover procedure based on architecture alternative 4 is presented in Figure 4
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Figure 4: moving relay handover based on architecture alternative 4

In the Alt4 moving relay architecture, the moving relay re-establish S1 interface over RRC and perform path switch for all the UEs attached to it. In terms of worst case handover latency, the Table 4 provides the output of the analysis we have provided for the architecture alternatives 1 and 2.
	Message 
	Latency 

	m-RN transmit measurements to S-DeNB and processing in DeNB 
	2 ms + 2 ms 

	HO request S-DeNB ( T-DeNB and processing at T-DeNB 
	5 ms + 2 ms 

	Admission control at T-DeNB 
	5 ms 

	HO-request ACK T-DeNB( S-DeNB + RRC to m-RN 
	5 ms + 2 ms 

	SN status transfer S-DeNB ( T-DeNB 
	5 ms 

	Backhaul reconfiguration 
	20 ms 

	Path switch request T-DeNB ( MME(RN)+processing in MME (RN) 
	5 ms + 2 ms 

	Path switch request ACK MME(RN) ( T-DeNB + processing in T-DeNb 
	5 ms + 2 ms 

	S1 over RRC bearer reconfiguration 
	22ms 

	Path switch request (m-RN) ( T-DeNB + processing in T-DeNB 
	5 ms + 2 ms 

	Path switch request T-DeNB ( MME(UE)+processing in MME(UE) 
	5 ms + 2 ms 

	Proxy context rebuilding in T-DeNB 
	2 ms 

	Update user plane MME(UE) ( S-GW (UE) and DL path switch in S-GW (UE) 
	5 ms + 5 ms 

	Update user plane resp S-GW(UE) ( MME (UE) and processing in MME (UE) 
	5 ms + 2 ms 

	Path switch request ack MME (UE) ( T-DeNB and processing in T-DeNB 
	5 ms + 2 ms 

	Path switch response T-DeNB ( m-RN and processing in m-RN 
	2 ms + 2 ms 

	m-RN context release ( T-DeNB ( S-DeNB) 
	5 ms 

	Total latency 
	62 + N x 71 (ms) 


Table 4: handover latency in moving relay within architecture alternative 4

For the architecture alternative 4, it is seen that the overall handover latency is dependent on the number of UEs N. 
3
Conclusion 
In this contribution we have presented simplified evaluation procedure for moving relay architectures based on alternative 1, alternative 2, 2.1 and 2.2 and the architecture alternative 4. It is seem that this worst case handover latency is linear with the number of UEs attached to the moving relay for architecture alternatives 4 and 2.1 while it is independent of the number of UEs attached to the moving relay for architectures 1 and 2.
The detailed the calculations of the worst case handover latencies for the different architectures and the related technical assumptions can be found in [2].

We believe that the analysis provided in this contribution is useful for the current moving relay architecture discussion and so, we propose that the group considers this analysis in the architecture comparison discussion.

4
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