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1 Introduction

The RAN#53 Plenary approved the Mobile Relay SI with a focus on the backhaul design. Among the stated objectives in RP-111377 [1], the following have been assigned for RAN3 consideration:

· Identify the target deployment scenarios first 

· Identify the key properties of mobile relays and assess the benefits of mobile relays over existing solutions (e.g. L1 repeaters) in fast-moving environments

· Evaluate suitable mobile relay system architecture and procedures, including procedures for group mobility (RAN3)

· Comparison based on higher layer considerations, e.g.

· Group mobility, etc. (RAN3)

· Radio protocol impact, etc. (RAN2)
This contribution provides a discussion towards meeting some of these objectives. Our focus will be on procedural aspects rather than the physical layer implications. The discussion in Section 2 includes: in section 2.1 a review of several Mobile Relay scenarios and a tabling of their characteristics; in section 2.2 a discussion on Group Mobility as a complement to the other scenarios; in section 2.3 questions and issues to be addressed by RAN3 as a basis for upcoming architectural and procedural decisions. Finally, section 3 summarizes our proposals.
2 Discussion

2.1 Mobile Relay Scenarios 
The high speed train scenario has been detailed in previous discussions ([2], [3],[4]) and has been highlighted by the Study Item description as a primary target use case for the Mobile Relay study, therefore needing little further justification. It is useful however to qualify this scenario from perspectives like coverage, density and propagation conditions (see Table 1) 
For a typical case we assume that high speed is correlated with a rural environment (lower number of eNB cells, limited HetNet, lower number of macro UEs, larger cells etc). In contrast, the same vehicle in urban environments (more eNB cells, HetNet type deployment, higher macro UE density etc) will likely have a lower speed.
2.1.1  Low speed transportation
An initial expansion of the current paradigm to include any moving transportation vehicle (e.g. car, bus, subway) at lower speeds could broaden the usefulness of such devices and their deployment, but not without introducing additional challenges. A complicated scenario may emerge when considering mobile relays move through urban environment and the considerable interference to a relatively dense network. 
Considerations for this use case:

· The optimized mobility procedure of the lower speed case would be useful, the time between handovers being probably comparable to the high speed scenario due to an environment with denser, smaller cells, relative to a rural setting. 
· In real applications, it would be difficult to restrict the use of mobile relays to only specific environments Consider the case of trains going through smaller towns at high or relatively high speed, or even upon departure/arrival.

· Modes of transportation without a predefined trajectory might benefit even more from increased coverage/throughput. Consider the case of long-distance busses that travel between very dense urban environments (NYC to Detroit) through rural ones (Ohio). The network planning on various possible routes would probably be less precise than the one along a high-speed train corridor. Occasional coverage holes in this case could be negotiated much more gracefully using mobile relays.
· Most solutions developed for high speed scenarios in RAN3 would likely apply to lower speed scenarios as well.

Proposal 1: In addition to the high speed scenario, RAN3 should consider lower speed transportation scenarios as well.

The characteristics of this scenario are summarized in Table 1.

2.1.2 Emergencies 
Many organizations increasingly rely on wireless technology to provide effective communications during emergency and disaster response operations. 
The mobile relays solutions for high speed trains will likely introduce more robust attach or start up procedure than those for Rel-10 fixed/nomadic relays. This enhancement presents an advantage in emergency scenarios where availability of DeNB may not always be guaranteed throughout the whole region, but it might at a specific location. Consider a relay installed on a moving truck: a nomadic relay will require multiple power-down/power-up cycles until finding a good site, after which it will be static and cover a limited area. A relay which would allow for a dynamic attachment would greatly simplify this process. 

While emergency service personnel might have alternatives (satellite communication, etc) a mobile relay might be the best tool for finding survivors, even just to give them the chance to make emergency calls. With scarce resources, once an area is combed the relay might be better used elsewhere.  Of course the relay position at start-up is dependent on available DeNBs, but especially if regular eNBs can be used for HO, the covered area really improves. 

Please note that any emergency scenario is not likely to be a high speed one. Its characteristics are also summarized in Table 1.
Proposal 2: The RAN3 study on Mobile Relays should include Emergency Scenarios.
2.2 Group Mobility

The Study Item description includes “Group Mobility” as a higher layer consideration for comparison between existing methods (L1 repeaters) and Mobile Relays. While this type of comparison would be indeed an important benchmark, it is clearly too early for such an evaluation, since group mobility procedures have not yet been proposed.
We believe however that there is an important role for considering this topic early on as it can provide complementary procedures to mobile relays, especially for S1/X2 aspects. Signalling efficiency enhancements involving a group of UEs, whether they are served by mobile RNs or not, should be considered in addition of mobile relays. Standardizing group mobility procedures which can be performed with or without relay involvement will provide implementation and/or deployment alternatives at the same complexity price. 

In Table 1 we provide a scenario characterization of Group Mobility in parallel to the Mobile Relay scenarios. Some reasons for this treatment are:  
· to allow RAN3 to characterize Group Mobility at the same time with the Mobile Relays scenarios, therefore highlighting similarities and differences

· to prioritize this topic and to design mobility procedures from the start to be applicable to group mobility cases (i.e. without a relay) as well as mobile relay ones

Proposal 3:  Signalling efficiency enhancements through Group Mobility should be considered by RAN3 in parallel to Mobile Relays scenarios.
Table 1: Proposed Study Item Scenarios 
	
	Purpose
	Deployment Environment
	Relay Mobility
	Deployment

Density 
	Notes

	Mobile

Relays
	Coverage / Mobile Hot Spot
	Rural
	High Speed
	Low
	High speed train

	
	Mobile Hot Spot
	Urban
	Lower speed
	Low - Medium
	Lower speed transportation

	
	Coverage hole
	Rural
	Limited
	Low
	Emergencies 

	Group 
Mobility
	Any
	Urban/

/Rural
	Any
	Low - High
	Low to high speed transportation
No emergencies


2.3 Questions for consideration 
Several questions can be raised related to the mobility procedures to be considered in this Study Item. Posing them now might help guide architectural and procedural choices to be presented at subsequent meetings. 
RN handover and Group mobility:

The mobility procedure for the relay can closely follow that of the Rel-10 UE handover procedure in terms of moving the relay from a source to target DeNB cell, along with the context information of the relay. As such, it may be possible to define a mobile relay as Rel-10 relay with additional mobility procedures.

Further, as part of the mobile relay mobility procedure, the UEs being served by the relay must also be moved to the target DeNB cell. As such, a group mobility procedure, moving all UEs served under the relay as a group, needs to be considered for further signalling efficiency enhancements. Thus, the following questions are raised as part of the mobility procedure for mobile relays:
· How is the RN handover procedure triggered?
Rel-10 UE handover is eNB initiated, based on load balancing or UE measurement triggers. For mobile relays, if the same triggers are to be applied, then mobile relays must support similar measurement procedures.

· Are UEs under RN made aware of RN handover to another DeNB cell? 
In order for the UE context information, along with RN context information, to be properly transferred from source to target DeNB, RN UEs may need to be made aware of changes to its context information during the RN handover procedure. This change can be made en mass, as defined as group mobility, or changed individually. 
· How is relay cell configuration managed upon relay handover?

RN cell configuration is currently done for the most part by OAM or DeNB. These configurations are set for Rel-10 relays upon start up and usually do not change during RN operation. However, it seems probable that the configuration for mobile relay cell may change upon handover to a different DeNB cell. A likely example is the RN E-CGI which currently depends on the serving Donor’s eNB ID. Similar RN parameters are Uu carrier frequency, PCI and Un sub-frame configuration. While in the E-CGI case decoupling the dependencies might be best, for others configuration update procedures are in order. Similar procedures are needed to propagate these changes to the RN UEs without disruptions to the RN Uu.

Start up and IDLE Mode procedures:
· Is Rel-10 Phased Start up sufficient to support mobile relays? 
The start up and RN attach procedure specified for fixed and nomadic relays may be reconsidered for a more robust attach procedure for a mobile relay, as it requires constant updates to its DeNB list as it moves through the network.

· Does the mobile relay support IDLE mode and associated procedures?
In instances of low utilization, a mobile relay functionality to dynamically turn off its relay cell may be useful while retaining some level of connectivity to the network. As such, it may be useful to specify a mobile relay “IDLE” mode and associated cell re-selection procedure. Other triggers for relay IDLE mode may be for energy savings or interference mitigation purposes.
Proposal 4:  RAN3 should attempt to address the questions in this section in order to provide guidance for further architectural and procedural proposals.
3 Conclusion
This contribution discusses several scenarios/topics to be addressed by RAN3 in the Mobile Relay SI, which are illustrated in Table 1 above and summarized in the proposals below:

Proposal 1: In addition to the high speed scenario, RAN3 should consider lower speed transportation scenarios as well.

Proposal 2: The RAN3 study on Mobile Relays should include Emergency Scenarios.

Proposal 3:  Signalling efficiency enhancements through Group Mobility should be considered by RAN3 in parallel to Mobile Relays scenarios.

Proposal 4:  RAN3 should attempt to address the questions in section 2.3 in order to provide guidance for further architectural and procedural proposals.
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