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1. Introduction
The approved new study item [1] defines a concise concept for mobile relay, and specifies that a mobile relay is likely to provide at least the following key functions: 

1) Wireless connectivity service to end users inside the vehicle

2) Wireless backhauling connection to on-land network

3) Capability to perform group mobility

4) Capability to allow different air interface technologies on the backhaul and access link 

This contribution intends to, from various aspects, analyze which essential functions mobile relay should support, irrespective of specific architecture.
2. Discussion and proposal
2.1. Essential functions of mobile relay
For simplicity, we start discussion on assumption that mobile relay adopts E-UTRA technology in access link.
As a serving eNB for UEs on vehicle, mobile relay should support the eNB functions listed in [2], e.g. Radio Resource Management, Routing of User Plane data towards Serving Gateway, Measurement and measurement reporting configuration for mobility and scheduling, unless explicitly specified.
To achieve higher speed, the vehicle with better airtight carriage is necessary, which causes higher penetration loss of the radio signals to/from UEs inside the carriage. In order to reduce penetration loss and decrease interference between access link and Un, it is recommended mobile relay utilize individual transceiver inside and outside vehicle separately.
Additionally, the following basic aspects need to be investigated for mobile relay to operate normally:
◆ Bearer Mapping and Routing aspect

For those UEs connected to a mobile relay and having established PDN connection with networks, RN EPS bearer can be regarded as a part of transport tunnel for UE traffic. In the uplink direction, mobile relay performs the UE EPS bearer to RN EPS bearer mapping, e.g. based on the QCI associated with the UE EPS bearers, similar to fixed RN in Rel-10. In the downlink direction, mobile relay maps UE traffic received though its own data radio bearer (Un bearer) to appropriate radio bearers of this UE.

While on control plane, both UE-associated and non UE-associated S1/X2 signalling packets are mapped on appropriate RN EPS bearer. Mobile relay can perform the mapping based on e.g. preconfigured principle.
In a word, mobile relay should support the following functionalities on bearer mapping and routing aspect, which may be identical to Rel-10 RN functionalities:
(a) UE EPS bearer to/from RN EPS bearer mapping;
(b) Signalling messages to RN EPS bearer mapping;

◆ Backhaul link aspect
Unlike macro eNB or fixed RN, after mobile relay has established S1 interface with core network during startup procedure, it may move into areas controlled by a new MME with which mobile relay has not been established S1 interface. Typical scenario is that mobile relay enters a new MME Pool Area. It is FFS whether mobile relay needs to establish S1 interface to the MMEs serving for UEs in the new pool area. If yes, mobile relay should be aware, by some means, when to initiate corresponding interface setup and the transport layer address of the peer node, and close SCTP associations with old MME pool. If dedicated MME pool is deployed to serve UEs access to mobile relay, no S1 interface issue exists.

With regard to X2 interface, mobile relay and UEs on high speed vehicles are relatively stationary, so that it is a rare case that a UE is handed over to other eNBs along railway. Handover may occur only when UE get on/off vehicle. For this reason, it is unnecessary to support X2 interface between mobile relay and DeNB/eNBs. Instead, S1 handover is sufficient. It is FFS whether to introduce X2 interface for other X2 functions. Similarly, mobile relay should know, when and how to initiate X2 interface with new neighbour eNBs, if necessary. 
For this reason, mobile relay may support the following functionalities:
(c) S1 interface setup and maintenance with new MME(s), dependent on deployment;
(d) X2 interface setup and maintenance with new neighbor eNB(s), if necessary;

◆ Mobility Management aspect

With continuous moving, compared to fixed RN, mobile relay should support some mobility features. First of all, mobile relay should support inter-cell handover. Mobile relay can perform group handover procedure instead of individual mobility procedures for each UE. During group handover procedure, mobile relay maintains RRC connection with all connected state UEs and keeps all their contexts. The handover process would be transparent for UEs access to mobile relay. After handover, mobile relay may change mapping rule from UE bearer to RN EPS bearer, if some RN EPS bearers are not admitted by target eNB. Along with inter-cell handover, it is possible that mobile relay enters a new tracking area not present in its stored TAI list. Therefore, mobile relay may support location updating procedure.
In order to support group mobility features above, mobile relay should support corresponding measurement and reporting functions like a UE. Considering group mobility characteristics, modification or enhancement of current mechanism designed for ordinary UEs is not precluded, in order to achieve better performance.

On mobility management aspect, mobile relay should host the following functionalities:
(e) Group mobility;
(f) Measurement and reporting;
◆ Doppler frequency shift correction
Because mobile relay moves fast with vehicle, downlink signals from DeNB to mobile relay are faced with severe Doppler frequency shift. If mobile relay doesn’t correct Doppler frequency shift, demodulation performance in DeNB will be degraded greatly. Consequently, mobile relay should support the following functionality:
(g) Doppler frequency shift correction;
2.2. Necessary functions when supporting multi-RAT
Mobile relay, adopting E-UTRA technology as backhaul link, can provide various radio access technologies in access link (see Figure 1). In order to provide services for various kinds of terminal, operators can deploy mobile relays on vehicle instead of deploying various types of base stations along railway line. Thus it can save overall cost for multi-RAT coverage along railway. 
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Figure 1: Mobile relay supporting multi-RAT
To support multi-RAT functions, the following aspects need further consideration:
· Radio access network functions
When mobile RN adopts other radio access technology than E-UTRA in air interface, e.g. UTRA, mobile relay should host Node B and RNC functions specified in relative UMTS specifications.
· Bearer mapping aspect

On user plane, mobile relays supporting multiple RATs should map UE data traffic in multiple RATs on RN EPS Bearer. On control plane, mobile relay should map all kinds of application protocols on appropriate RN EPS Bearer.
QoS parameters in LTE are different with those in other RATs. For this reason, mobile relay need decide on the UE bearer to RN bearer mapping rule to ensure that QoS of a specific UE is satisfied as far as possible.
· Backhaul link aspect

Due to continuous location change, mobile relay may setup and maintain necessary backhaul interfaces to core networks of different systems, e.g. establishing Iu interface with new SGSN.
3. Conclusion
Based on the analysis in section 2, we present the following proposals：

Proposal 1: Mobile relay should host the following functionalities:
＊Radio access network functions corresponding to radio access technology in air interface;
＊UE bearer to/from RN EPS bearer mapping, including bearer mapping for different RATs, if supported;

＊Signalling messages to RN EPS bearer mapping;

＊A/Gb/Iu/S1 setup and maintenance with core network, dependent on deployment;
＊Iur/X2 interface setup and maintenance, if necessary;
＊Group mobility;

＊Measurement and reporting;
＊Doppler frequency shift correction;
＊Other radio network access functions, if supporting multi-RAT;
Proposal 2: Capture the above mobile relay functionalities in corresponding TR.
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