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1. Introduction
Mobile relay architecture proposals captured in [1] was discussed during post-RAN3#75 email discussion. In this contribution several areas of RAN3 expertise (from architectural/protocol point of view) are further reviewed on the architectures options. Initial comparison between the solutions is also provided.
2. Architecture options

RAN3 has provided a baseline document on mobile relay architectures [1]. 6 alternative options under discussion can be classified into three categories:
· Alt1 based Architecture: Alt1

· Alt2 based Architectures: 
- Alt2: with collocated S/PGW and Relay GW in initial DeNB;
- eAlt2-1: Alt2 with dual relays for UEs HO.

- eAlt2-2: Alt2+PMIP;

- eAlt2-3: with RN GW/PGW/SGW in a separate Mobility Anchor;
· Alt4 based Architecture: Alt4
Due to several important issues to be clarified or solved exist in Alt2+PMIP option, see analysis in [2], this contribution focuses on the other 5 alternatives.
3. Architecture comparison

Several aspects are analyzed among the solutions, including signalling overhead, latency, impact on UE energy consumption, standardization effort, complexity, Multi-RAT support etc.
Signalling overhead
As depicted in [1], in Alt1/Alt2/ eAlt2-3 solutions, individual UE handovers are replaced by a single mobile relay handover on the backhaul link. The mobile relay handover remains transparent to UEs. Handover related signalling overhead can be greatly reduced with the above 3 alternative options.
In eAlt2-1 solution, once RN_UE2 attaches to a new DeNB, all UEs under RN_Cell1 are handed over to RN_Cell2, via S1/X2 HO per UE, which is similar with the case UE is handed over from RN1 under DeNB1 to RN2 under DeNB2 in Rel-10 scenario. UEs handovers will be repeated each time when mobile relay moves across DeNBs along the railway. Compared to deployment scenario without mobile relay (i.e. UEs are connected directly to macro eNBs.), signalling overhead is not reduced. A possible enhancement to reduce the amount of signaling is to handover a group of UEs simultaneously, which may be achieved by introducing changes to the current procedures/messages. However, it does not change the situation that UEs handovers are still needed each time when mobile relay moves across DeNBs. Potential specification change also reduces the attraction of this solution, i.e. a complete implementation solution of Rel-10 relay to support relay mobility. 
With Alt4, during mobile relay handover, the source and target DeNBs should establish necessary Un DRBs for each UE EPS bearer (one-to-one mapping). In addition, after HO is complete, target DeNB needs to initiate path switch procedure for each UE to switch DL tunnel endport of UE S1 bearer. This may cause signalling storm to EPC. Actually, comparing with no mobile relay deployment case, Alt4 mobile relay just saves HO Command and HO Complete procedures in Uu.
Observation1: Alt1, Alt2 and eAlt2-3 have signalling overhead advantage over eAlt2-1 and Alt4.
Latency

Generally speaking, latency includes forwarding delay and routing delay. Latency is subject to many factors, e.g. equipment implementation and network topology. Since all mobile relay alternatives are of L3 relays, for simplicity, we can assume they will introduce the same forwarding delay. Since in eAlt2-1 and Alt4, UE traffic will route through RN S/PGW with shorter paths, the two alternatives may provide lower latency. The other alternatives have similar performance of latency. And all alternatives provide latency optimization possibility. 
Impact on UE power consumption

Due to good radio condition between UE and mobile relay, UE power consumption can be reduced significantly for mobility measurement and reporting purpose, independent of mobile relay architecture. Based on analysis on signalling overhead above, with deployment of Alt1/Alt2/eAlt2-3/Alt4 mobile relay, the UE battery life can be further improved by avoidance of frequent handovers.
For eAlt2-1 option, as pointed in signalling overhead above, mass UE handovers repeat once RN_UE2 attaches to a new DeNB.  UE power consumption will be higher comparing with other solutions.
Observation2: eAlt2-1 option provides the worst benefit in terms of UE power consumption.
Standardization effort & Complexity
Properties of Alt1:

· Standardization impact caused by Alt1 has been captured in TR 36.806. Since Alt1 inherently support RN mobility, limited effort to support RN mobility is foreseen so far. 
Properties of Alt2:
· No standardization effort is foreseen yet. 
Properties of eAlt2-1:

· Basically, this type of mobile relay is composed of two Rel-10 relays. Rel-10 procedures may be reused. No standardization effort is foreseen. 
· In terms of complexity, since two RN entities work alternatively, mobile relay needs to establish EPS Bears and backhaul link with new DeNB and handover all UEs to another RN during a rather short period. It’s not clear whether such short time period is sufficient to make the alternative RN cell get ready each time when the RN moves to the target eNB. If not, UE traffic might be broken. And how to reduce the interruption time and ensure QoS brings complexity to mobile relay implementation and more stringent network planning on the geometry of the DeNB cells is assumed.
Properties of eAlt2-3:
· Different with Rel-10 network architecture, SGW and PGW of mobile relay are not embedded in DeNB. Upgrade may be needed to enable MMEs to select Mobility Anchor as mobile relay’s S/P-GW. 

Properties of Alt4:

· As stated in [3], in order to identify individual UE bearers on the Un interface a UE identifier needs to be added to one of the PDCP, RLC or MAC protocol layers. This means the architecture mandates more new functionalities in eNB (e.g. some parts of the legacy MAC/RLC/PDCP/RRC protocols would need to be modified.) to be able to function as a DeNB.
· With regard to RN mobility, UE context as well as RN context should be transferred to target DeNB. 
Observation3: Compared with other alternatives, more substantial changes to the existing eNBs would be required to be able to support the functionalities as a DeNB in Alt4. 
Multi-RAT support & Cost
One major advantage of Alt1 is to support Multi-RAT in access link easily. RN EPS bearers are used as transparent transport tunnel between RAN and CN for UEs. Mobile relay can implement other radio access technologies in access link and connect to corresponding core network nodes. Operators can just install a single type of DeNBs along railway to achieve multiple RATs coverage in carriages, which provides lower deployment cost.
A common property of other solutions is the presence of proxy functionality node (i.e. DeNB or Mobility Anchor). The proxy node should support necessary RAN functionalities corresponding to a specific RAT (e.g. RNC in 3G case) in order to process passby signallings. These disadvantages may translate into higher costs of developing equipment. Especially, the Alt4 architecture mandates more new functionality in eNB, as pointed out in standardization effort aspect above. Thus, existing eNBs would require more significant and more costly upgrade in order to be able to function as a DeNB, which would imply increased costs for the operators.

Observation4: Alt1 can support multi-RAT easily and has an advantage of deployment cost over the other solutions.
Flexibility in deployment
· Alt1 mobile relay can be supported by upgrading Rel-8 UE network nodes, hence we assume it has no impact on Rel-10 stationary relay network nodes.
· Alt2: Depending on the deployment scenario, not all functionalities need to be implemented in DeNB. The enhancement add-ons can be introduced selectively in the network (where some DeNBs may be upgraded to support S/PGW and Relay GW while others may not) allowing a gradual upgrade of the network when enhancements are required by the operator. The enhancements remain transparent for the mobile relay.
· eAlt2-3: With regard to deployment aspect, this alternative can use the same DeNB as in Alt1 mobile relay. A major difference between the two alternatives is the presence of Relay GW. This will bring further flexibility in deployment. Operators can deploy Alt1 mobile relay at early stage. In the future, an operator may upgrade PGW to support S1/X2 proxy functionality to achieve e.g. better bearer mapping performance.
One should be noted the same mobile relay implementation can be deployed in all the three options above.
· eAlt 2-1 option, similar with Alt2, has no impact on Rel-10 MME/SGW. However, concerning the train speed, overlapping area planning for handover will bring complexity to base station deployment. Once train increases or slows regular speed, overlapping area may need to be re-planned, as well as measurement configuration.
· Alt4 architecture has no impact on Rel-10 MME/SGW. However, both mobile relay and DeNB in Rel-10 can not be re-used or simply upgraded from Rel-8 equipment, which introduces different mobile relay variants and DeNB variants. 
Impact on network topology

The number of mobile relays startup may vary in different areas. For example many mobile relays may start normal operation at railway station. This can cause relative high load to DeNB (serving as SGW/PGW in Alt2) in this area. At the same time, DeNBs as RN SGW/PGW deployed not at stations may serve low amount of mobile relay. Load imbalance emerges between DeNBs.

On the other hand, it is quite possible that mobile relay may select a nearby DeNB as its GW during startup. During subsequent movement, it still uses initial DeNB as GW. This means initial DeNB needs to setup necessary S1/X2 interface with all DeNBs along railway line. Interface relationship among DeNBs and MME pool planning become complicated.
Whereas, if SGW/PGW of mobile relay are moved into a separate node (or even stand alone with each other), various existing mechanism can be reused to achieve load balancing when selecting SGW/PGW. Further, thus may help reduce backhaul link latency. What’s more, interface relationship between DeNBs is simplified.
Observation5: Alt1 and eAlt2-3 can provide better load balancing advantage over other solutions.
4. Conclusion
In this contribution, we compare 5 mobile relay alternatives from multiple aspects and achieve the following observations: 
Observation1: Alt1, Alt2 and eAlt2-3 have signalling overhead advantage over eAlt2-1 and Alt4.
Observation2: eAlt2-1 option provides the worst benefit in terms of UE power consumption.
Observation3: Compared with other alternatives, more substantial changes to the existing eNBs would be required to be able to support the functionalities as a DeNB in Alt4. 
Observation4: Alt1 can support multi-RAT easily and has an advantage of deployment cost over the other solutions.
Observation5: Alt1 and eAlt2-3 can provide better load balancing advantage over other solutions
Based on observations above, the following proposal is made:
Proposal: Further analysis and evaluation will be based on Alt1, Alt2 and eAlt2-3.
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