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1 Introduction
Reference [1] submitted at RAN3#75bis, provided an analysis and performance comparison among the various architecture options for mobile relay. In that contribution, the mobile relay architecture options were compared in terms of several aspects including: handover latency, number of signalling messages during mobile relay handoff, and user plane transmission delay. However, this contribution was authored without the benefit of complete knowledge of some of the details of all of the proposed architectures. For example, further details of the message flow for eAlt.2-1 were provided in [2] and further refined in [3]. 

In addition, reference [1] made some incorrect assumptions. In particular for eAlt.2-1, it was assumed that the handoff latency scales with the number of users served by the mobile relay. This is equivalent to assuming that the processing and path switch of each UE occurs sequentially (i.e. only 1 UE handoff can be handled at a time). In fact, the data path switch and context transfer of individual UEs from the source donor eNB through the target donor eNB are independent processes, and will be carried out in parallel. This incorrect assumption is primarily responsible for the very large handover latency results reported for eAlt.2-1 in [1] as compared to other architectures. 
The objective of this paper is to update the analysis for eAlt.2-1 to be consistent with the message flow from [3], which was included into the text of TR36.836 [4]. Note that reference [2] included alternative proposals for mobility related signalling of eAlt.2-1. However, in this contribution, we focus on the option captured in [3] and included in [4]. In section 3 we propose an optimized approach for transferring the UE context during HOs. This optimized approach reuses functionality already supported in the standard for the HeNB GW.
2 Performance Analysis
The performance criteria used for comparing the architecture options in [1] and [5] are: (1) handover latency, (2) the number of control signals during handover, and (3) user plane transmission delay. As defined in [2] and [3], the mobility procedure for eAlt.2-1 consists of three main steps: attach of RN_UE2 to the target DeNB, transfer of UE bearers from source to target DeNB, and detach of RN_UE2 from source DeNB. Figure 1 shows the detailed mobility procedure for eAlt.2-1 for the options selected in [3]. To improve the clarity of the message flow, we show the mobile RN comprising 2 RN UEs (RN_UE1 and RN_UE2), a single RN Cell, and 2 ECGIs (ECGI1 and ECGI2). It should be understood that there is a single physical RN cell as seen by the UEs served by the mobile RN. However, from the perspective of neighbouring nodes (CN nodes, other eNBs, etc.) there are 2 logical RN Cells. Each of these logical cells is identified towards the neighbouring nodes by a separate ECGI. ECGI1 identifies the RN Cell as a cell under the source DeNB, whereas ECGI2 identifies the RN Cell as a cell under the target DeNB.
The parameters and assumptions used in the analysis are summarized in Table 1. To maintain consistency with the analyses of other alternative architecture presented in [1] and [5], we largely retained the same assumptions on parameter values. A notable exception is the S1/X2 setup time. Due to the Relay GW proxy functionality at the DeNB for Alt.2 RN architectures, we consider only the time needed to setup the S1 or X2 connection to the DeNB. The DeNB may subsequently update the S1 or X2 configurations towards other nodes (MME and/or neighbouring eNBs). However, this would be transparent to the mRN, and should not delay the setup procedure. We also estimated about 10 msec. to flush the buffers of DeNB1 following a path switch. This is an educated guess. How to obtain a more accurate estimate is FFS.
Table 1. Summary of parameters and values used in the contribution (Ref. [1] & [5])

	Parameter
	Description
	Value

	TCP-processing
	Control plane processing time
	5 msec

	TUP-processing
	User plane processing time
	1 msec

	TRadio-link
	Transmission time via radio link
	2 msec

	TWired-link
	Transmission time via wired link
	2 msec

	TSync
	Estimated time for finishing synchronization
	20 msec

	TNAS
	Estimated time for finishing NAS-related operations

TNAS = 2 × TRadio-link + 2 × TWired-link + 4 × TCP-processing
	28 msec

	TOAM
	Estimated time for finishing OAM-related operations

TOAM = 2 × TRadio-link + 2 × TWired-link + 4 × TCP-processing
	28 msec

	TSwitch
	Estimated time for finishing DL path switch

TSwitch = TCP-processing
	5 msec

	TFlush *
	Estimated time for flush DeNB buffers from data not yet delivered to the mRN
	10 msec

	TS1X2-setup *
	S1 setup：RN ( Target DeNB 

X2 setup：RN ( Target DeNB 
TS1X2-setup = 2 × TRadio-link+ 2 × TCP-processing
	14 msec

	NUE
	Number of UEs under Mobile Relay
	450

	TrainSpeed
	Speed of HSR Train
	350 km/hr

	RadiusDeNB
	Radius of DeNB coverage area
	29.53 km


* Not included in, or different than references [1] & [5]
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Figure 1. eAlt.2-1 Mobility Procedure (Alt2+DualMRN)
In the following we analyze the latency and message count associated with each of the main steps of the procedure.
2.1 Handover (HO) Latency
By adding up the time needed at each step in the mobility procedure, the HO latency for each of the main steps in the Alt.2-1 architecture option is calculated as follows:

RN_UE2 Attach Latency = 6×TRadio-link + 8×TWired-link + 4×TCP-processing + TSync = 68 msec
RN_Cell2  Config. Update Latency = 4×TRadio-link + 4×TCP-processing = 28 msec
UE HO Decision & Context Transfer Latency = 4×TRadio-link + 2×TWired-link + 4×TCP-processing = 32 msec
· We did not account for any update of the mobile RN configuration with the RN OAM. We assume that the OAM has preconfigured the mobile RN with all relevant configuration information for the path of the high speed train (e.g. ECGI for each DeNB along the path). Hence, this step is optional.
This is consistent with the approach taken in [1], where TOAM was omitted from the delay calculations for all architectures.
UE Bearer Transfer Latency = 2×TRadio-link + 4×TWired-link + TSwitch = 17 msec
RN_UE1 Detach Latency = 3×TRadio-link + 5×TWired-link + 4×TCP-processing = 36 msec
Total Expected HO LatencyAlt.2-1 = RN_UE2 Attach + RN_Cell2  Config. Update + HO decision and Context Transfer + UE Bearer Transfer + TFlush + RN_UE1 Detach = 181 msec
Distance Travelled during Mobility Procedure = 181 msec * 350 km/3600 sec = 17.6 meters
Observation 1:
The expected HO latency for Alt.2-1 is dominated by the time needed to attach and detach the RN from the respective DeNBs.
Observation 2:
The distance travelled during the total mobility procedure for a high speed train travelling at 350 km/hr is less than 20 meters. This distance is a small fraction of the handoff region in a typical deployment.

Observation 3:
Alt.2-1 provides a make-before-break HO with the dual mobile relay architecture. There is no interruption of the data path to the UEs served by the mobile relay.

Conclusion 1:
In spite of the larger HO delay for Alt.2-1 compared to other proposed mRN architectures; the reliability of the mobility procedure is not impacted; due to the make-before-break nature of the procedure, and the negligible distance travelled during the HO execution.

2.2 Number of Signals during HO
We assess the message load by counting up the control signals needed at each step in the HO procedure. As the impact of supporting these control messages may vary by interface, we have broken down the message count into three categories: Uu messages, Un messages, and Network Interface Messages (e.g. S1, X2, etc.) We expect that system impact (e.g. bandwidth requirements, processing, etc.) needed to support these messages, is highest for the Uu interface, then the Un interface, and lowest for Network Interfaces.

Table 2 below shows the message counts per task and interface, during the Alt.2-1 mobility event: 

Table 2. Message counts per HO step and Interface
	Step
	Uu messages
	Un messages
	Network Interface messages
	Total messages

	RN_UE2 Attach
	0
	8
	8
	16

	RN_Cell2  Config. Update
	0
	4
	0
	4

	UE HO Decision & Context Transfer
	0
	4
	2
	6

	UE Bearer Transfer
	0
	2
	4
	6

	RN_UE1 Detach
	0
	3
	5
	8


The RN_UE attach and detach procedures occur once per HO event, while the context and UE bearer transfer signalling scale with the number of UEs served by the mobile RN. Thus the total number of control signals per HO event is expected to be:
Total Expected NumSignal Alt.2-1 = (0 Uu + 15 Un + 13 Network) + NUE × (0 Uu + 6 Un + 6 Network)           = 28 + NUE ×12
Conclusion 2:
Group mobility may be considered to optimize the number of control messages needed to support mobility in Alt.2-1, for both Un and S1 interfaces
2.3 User Plane Transmission Delay in LTE 
According to the analysis presented in [1] and [5], the transmission delay from UE’s P/S-GW to the UE can be divided into two parts: (1) the inherent transmission delay while traversing the coverage of the DeNB (without HO), and (2) transmission delay during the HO procedure itself. Figure 2 below, illustrates the data path for Alt.2-1. It was previously presented in [5], and is repeated here for completeness.
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Figure 2. User plane transmission in Alt.2-1
However, as noted in observation 3 above, due to the make-before-break nature of mobility in Alt.2-1, there is no interruption to the user’s data during HOs. In addition, based on observation 2 we can see that the HO event is negligibly small compared to the size of the DeNB’s coverage. 
Indeed, taking the assumptions from table 1, we see that the high speed train will traverse the coverage of the DeNB in:
Expected Time in DeNB = 2*29.53 km /350 kmph = 608 seconds (or approximatly 10 minutes)
Observation 4:
The mobile RN spends a negligibly small percentage of time in HO events. Hence, we can ignore the effect of the HO event on user plane transmission delay.

Based on observation 4, it suffices to consider the user plane transmission delay inherent to the data path. This is true for all the different mobile relay architectures considered in [4].
As previously presented in reference [5], and using the parameters from table 1, we obtain the following estimate of user plane transmission delay in Alt.2-1:

UPTxDelayAlt.2-1 = 2×TRadio-link + 1×TWired-link + 3×TUP-processing = 9 msec
Conclusion 3:
Alt.2-1 has the lowest user plane transmission delay of any of the mobile relay architectures considered.
3 Optimization of UE Context Transfer
The mobility procedure defined in [3] and further elaborated in the previous sections, includes messages to transfer the UE context to the target DeNB. Since the UE context in fact resides in the relay node, and there is no real HO between the two logical RN cells, there is no need to transfer this context during a mobility event for Alt.2-1. However, as the Rel.10 DeNB provides a proxy function for UE data, the DeNB also creates a context for the UEs served by the RN. The Relay GW functionality in the DeNB uses the information stored in this UE context, in order to translate the various interface IDs and addresses for the UE and the UE’s flows. This includes: eNB S1-AP UE ID, MME S1-AP UE ID, Transport Layer Address and GTP TEID, etc.
Normally, the target eNB would obtain the UE context from the source eNB, as part of the HO procedure. However, there is no true HO of the UEs between RNs or DeNBs in Alt.2-1, but only a transfer the data path and user plane IP flows. Hence, the Handover Request and Handover Response were added to the call flow of figure 1 solely to provide a mechanism to enable the creating of a UE context at the target DeNB.  This solution is rather cumbersome, as it adds 6 messages to the call flow, necessitates the setup of the X2 connection to the source DeNB before any HO procedure can occur, and contributes about 15% of the HO delay. Therefore, it is useful to consider an optimized solution that eliminates these unnecessary messages.
The main problem stems from the fact that due to the proxy at the DeNB, a Rel.10 relay node has no direct knowledge of either the true ID of the UE’s MME, nor of the UE S1AP ID assigned by this MME. It would be useful if the target DeNB could create a new context for the UE when it receives a Path Switch Request from the relay node (step 15a in figure 1). Unfortunately, the eNB UE S1AP ID contained in this message would not correspond to any existing UE context at the target DeNB (since there was no context transfer to the target DeNB). Furthermore, the Relay GW in the target DeNB would have no information about the UE’s MME, nor the MME UE S1AP ID assigned by this MME. Hence, there would be no way for the Relay GW to forward the Path Switch Request to the UE’s MME.
However, we should recall that the Relay GW of the Rel. 10 DeNB was specifically proposed to provide “home eNB GW” type of functionality [6]. Fortunately, the standard already provides a solution to address the analogous issue for HeNBs and HeNB GW. In particular, the Path Switch Request message includes two IEs; the Source MME UE S1AP ID provides the actual UE S1AP ID assigned by the UE’s MME, and the Source MME GUMMEI provides an unambiguous and global identification for the UE’s MME [7]. This information would allow the target DeNB to create a context for the UE upon receiving a Path Switch Request from the mRN, and critically to correctly address the Path Switch Request to the UE’s MME. This is shown in the optimized call flow of figure 3 below (steps 10a and 10b). The Relay GW in the target DeNB can then assign a new MME UE S1AP ID, and include it in Path Switch Request Ack towards the mRN. 
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Figure 3. eAlt.2-1 Mobility Procedure with optimized UE context transfer
Note that in order to support this functionality, the RN needs to have the MME UE S1AP ID assigned by the UE’s MME, and also the MME’s ID. These two IDs are provided as the MME UE S1AP ID 2 and GUMMEI respectively, either in the Initial Context Setup or in the Handoff Request message (if the UE was handed into the RN). This is illustrated by steps 0a and 0b in figure 2. It is assumed that these steps occurred at some prior time, and they have no impact on the HO delay analysis. 
As can be seen from figure 3, the call flow is much cleaner when using this approach. We have eliminated the context transfer procedure of figure 1, and would also not need to complete the setup the X2 connection before any UE handoffs could be supported (now shown as optional in figure 3). 
The HO decision for the UE and the UE bearer transfer are now combined into a single block. As can be seen from figure 3, this step now takes:

UE HO Decision & UE Bearer Transfer Latency = 2×TRadio-link + 4×TWired-link + TSwitch + 4×TCP-processing            = 37 msec
This replaces in figure 1:

UE HO Decision & Context Transfer Latency + UE Bearer Transfer Latency = 32 + 17 = 49 msec
In addition, the X2 setup does not need to be executed before hand. This leads to an additional savings of 14 msec in the call flow. So compared to the flow of figure 1, the optimized flow of figure 3 has reduced the HO latency by: (49 -37) + 14 = 25 msec (13.8%)
In terms of messaging, the optimized call flow eliminates 2 Un messages from the X2 setup, plus 4 Un messages and 2 Network messages per UE. Thus the total message count for the optimize call flow is:

Optimized NumSignal Alt.2-1 = (0 Uu + 13 Un + 13 Network) + NUE × (0 Uu + 2 Un + 4 Network)                        = 26 + NUE ×6
Thus the optimized call flow of figure 3 would eliminate roughly ½ of the messages compared to the call flow of figure 1. For a large number of UEs, this reduction in messaging could be significant. Therefore, we conclude that RAN3 should consider a solution that optimizes the message flow for mRN mobility. The HeNB GW solution defined in section 4.6 of TS 36.300 [8] could be a starting point for this discussion.  
Conclusion 4:
RAN3 should consider a solution that optimizes the message flow for mRN mobility. The HeNB GW solution defined in section 4.6 of TS 36.300 could be a starting point for this discussion.
4 Conclusions
In this paper we have analyzed certain performance aspects for the Alt.2-1 mobile relay architecture, as defined in TR36.836. We also proposed to optimize the message flow for this solution by reusing functionality already supported for HeNB GW in S1AP. 

According to the analysis and discussion above, we arrived at the following observations and conclusions. Conclusions 1 - 4 should be captured in TR36.836.
Observation 1:
The expected HO latency for Alt.2-1 is dominated by the time needed to attach and detach the RN from the respective DeNBs.

Observation 2:
The distance travelled during the total mobility procedure for a high speed train travelling at 350 km/hr is less than 20 meters. This distance is a small fraction of the handoff region in a typical deployment.

Observation 3:
Alt.2-1 provides a make-before-break HO with the dual mobile relay architecture. There is no interruption of the data path to the UEs served by the mobile relay.

Conclusion 1:
In spite of the larger HO delay for Alt.2-1 compared to other proposed mRN architectures; the reliability of the mobility procedure is not impacted; due to the make-before-break nature of the procedure, and the negligible distance travelled during the HO execution.

Conclusion 2:
Group mobility may be considered to optimize the number of control messages needed to support mobility in Alt.2-1, for both Un and S1 interfaces
Observation 4:
The mobile RN spends a negligibly small percentage of time in HO events. Hence, we can ignore the effect of the HO event on user plane transmission delay.

Conclusion 3:
Alt.2-1 has the lowest user plane transmission delay of any of the mobile relay architectures considered.
Conclusion 4:
RAN3 should consider a solution that optimizes the message flow for mRN mobility. The HeNB GW solution defined in section 4.6 of TS 36.300 could be a starting point for this discussion.
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