3GPP TSG-RAN WG3 Meeting RAN3#76
R3-121350
Prague, Czech Republic, 21st – 25th May, 2012
Agenda item:

16.2
Source:
InterDigital Communications, Orange, CATT, CMCC, ZTE, Qualcomm Incorporated, LGE
Title:
Proposed RAN3 Way Forward on Mobile Relays
Document for:

Discussion and Decision

1 Introduction

The objective of this contribution is to frame the comparison table results collected via email discussion [#05: Mobile Relay comparisons] following RAN3#75bis and to propose a position for the RAN3 group at RANP#56
2 Discussion
The descriptions of all Mobile Relay architecture alternatives, as well as existing solutions for the High Speed Train scenario have been captured in TR36.836. During RAN3#75 and RAN3#75bis it has been enhanced with a comparison framework and finalized in e-mail discussion #05, leading to a comprehensive comparison table of the solutions. While its current form provides many insights into the pros & cons of each solution to allow for an informed decision, the challenge remains to provide context to the work going forward.
2.1 Mobile Relays versus Existing Solutions

The Mobile Relays SI in [1] was approved in RAN#53 and has drawn wide support to resolve the issues associated with the High Speed Train use-case. For easy reference, some of the justifications presented are included below:
“High speed public transportation is being deployed worldwide at an increased pace. Hence, providing multiple services of good quality to users on high speed vehicles is important yet more challenging than typical mobile wireless environments also due to the following reasons:

· Reduced handover success rate: for high speed UEs, handover occurs much more frequently. With a mass of UEs performing handover at the same time, the handover success rate is reduced, due to excessive signalling overhead and the fact that tracking area update (TAU) is provided in a short time period. Furthermore, UE measurements in high speed environments are typically less accurate than low speed environments.

· Degraded throughput due to high Doppler effects: impairments caused by high Doppler include frequency estimation errors and channel estimation errors. The achievable throughput with these impairments can be significantly reduced compared to low speed environment. Specific eNB/UE implementations to combat these impairments are possible, at the expense of additional cost.

Although dedicated network planning may be used to alleviate the above issues, the quality of service for UEs on high speed vehicles remains to be improved.”
Considering the analysis in the email discussion #5 [2], the following points can be made with respect to the justifications highlighted above: 
· The handover success rate of the existing solutions (either L1 repeater or Wi-Fi access/LTE backhaul) would still be reduced in comparison to any Mobile Relay alternative. Although some improvements over the multiple unaided UEs can be obtained by avoiding penetration loss, the excessive signalling is still unresolved, as well as the TAU and measurement issues presented in the SI description. Group mobility brings further benefits to mobile relays in this regard. 

· The degraded throughput due to radio condition with high Doppler effects presents a similar burden of implementation for all solutions. However, the throughput as determined by the access link still presents challenges in the existing solutions. For L1 repeaters some of the unwanted high-speed effects on the incoming link would be replicated on the access link and therefore not improve its quality. Mobile relays on the other hand would isolate the UE from the degrading effects of Doppler. 
· The quality of service for UEs remains an issue especially in case of the Wi-Fi access/LTE backhaul, as QoS cannot be assured. For this case the current charging model might also challenge the feasibility of “providing multiple services” by the network operators.
Noting that these fundamental issues presented in the Study Item Description are not resolved by existing solutions, we also highlight that the SI co-signing companies were already cognizant of these technologies and their potential, and considered that a better solution should still be addressed. 
Lastly, the SID includes several objectives which are mandated to other groups: Radio protocol impact (RAN2); PHY layer considerations (RAN1); Possible impact on deployment and performance aspects (RAN4). These studies have not yet been accomplished and could provide valuable insight into the choice of solution. The optimization of LTE for high speed train is required for all solutions, new or existing, and it will require additional work across several RAN groups. We conclude therefore that existing solutions are inadequate for resolving the SID issues and that further work on Mobile Relays needs to be carried on.
Observation 1: The fundamental issues presented in the Study Item Description are not resolved by the existing solutions.

2.2 Mobile Relays Architectures
The analysis performed in RAN3 and captured in TR36.836 includes also descriptions and the comparisons for 6 different architecture proposals for MRN. A wealth of technical points about each architecture has been captured. Below are some highlights:

· Alt1: architecturally has the simplest relay mobility implementation with the mobility anchor at the MRN P-GW/S-GW in the EPC. UEs’ involvement in handovers is avoided with RN handover procedure. An issue presented has been the coexistence of Rel-10 RN (based on Alt.2) nodes with Alt.1 MRN. We note that all MRN solutions require new DeNB functionality (let’s call it MDeNB) and that the deployment scenarios may be different for RN and MRN. It is a deployment/implementation choice if MDeNBs will be required to perform as DeNBs. (As an alternative Alt1 MRN could be simply deployed fixed or nomadically for coverage and as such provide an optional implementation choice for fixed RNs). Alt1 MDeNB can also support Rel-10 RNs by differentiating between the relay types and providing the corresponding Donor functionality.
· Alt2: the currently standardized relay architecture, it re-uses as much as possible the Rel-10 RN architecture with minimal changes for RN mobility procedure and for least foreseen impact on existing nodes. Alt2 with mobility maintains the mobility anchor at the initial DeNB P-GW/S-GW. Most Rel-10 RN specified procedures can be re-used and UE HO is avoided during RN HO procedure (like in Alt1). Additional complexity of separating P-GW and S-GW of initial DeNB with target DeNB upon RN HO is required.
· Alt4: involves the complexity to specify an entirely new architecture (S1 terminated at DeNB, support of S1-AP over RRC etc), along with the impact for supporting 1-to-1 bearer mapping between UE and RN bearers. Furthermore, UE EPS bearers are subject to PATH SWITCH procedure upon each RN HO, and such the RN HO procedure is not transparent to the UE bearers. The possible benefit of having per UE RB granularity in terms of QoS support does not seem to outweigh the complexities of implementations.
· eAlt2-1: seeks to preserve the functionality of the existing Rel-10 RNs by pairing two of them to provide for mobility. The rationale of using existing Rel-10 RNs is counteracted by the fact that in reality a new device (2 RN UE entities/single RN eNB entity) needs to be produced via the pairing, hence losing some of the advantages that the use of the existing RN architecture/node implies.
· eAlt2-2: is similar to Alt2 with mobility with the additional complexity of having to relocate S-GW each time the RN handovers to the target DeNB. Also, the advantage of having S5 with GTP or PMIP over the Alt2 (with mobility) solution is unclear. 

· eAlt2-3 is also similar to Alt2 with mobility, but is further complicated by the introduction of new mobility anchor entity, which in its essence uses the P-GW and S-GW for RN in the EPC, rather than being co-located in the DeNB, with signalling inefficiencies of the additional entity in the user and control path.
·  From the two above points, eAlt2-2 and eAlt2-3 are derivatives of Alt2 (with mobility), with the additional complexity highlighted above. As such, the worth of the additional complexity is questionable.
· In TR36.836[3] the following mobility anchor principle is included: “Principle: Mobile relay’s Serving GW serves as mobility anchor point for mobile relay inter-DeNB handovers”. While Alt1 and Alt2 (with mobility), along with eAlt2-3, abide by this principle, eAlt2-1, eAlt2-2 and Alt4 do not.
· The issues related to the degraded throughput due to the Doppler Effect are similarly resolved in by all MRN options. But the signalling overhead remains high in Alt4, eAlt2-1 and, to a certain extent, eAlt2-2. 
We suggest therefore that recommendations be made by RAN3 to the RAN Plenary emphasizing the architectures which provide the best solutions to the problem put forth by the Study Item Description.
3 Conclusions
In this contribution, we drew several conclusions from the Mobile Relays comparison analysis leading to the following proposals:
Proposal 1. RAN3 advances a recommendation to the RAN Plenary to either:
· 1-a. Approve a Work Item to further the work on Mobile Relays based on specific architectures, in all relevant RAN groups.

· 1-b. Continue the Study Item based on specific architectures for 3 months (with RAN1/2/4 if necessary), to further the RAN3 work in TR36.836. 

We note our preference for the course of action in 1-a, with a narrower focus that the current variety of solutions. We also note that a choice of architectures among the 6 MRN solutions would greatly focus the scope of any future RAN3 work. We should look for simplicity and least impacts to the standard while solving the issue. Alt1 or Alt2 with mobility might be the ideal candidate solutions from that perspective. 
Proposal 2. Based on the currently available RAN3 evaluation,) a restricted list of architecture alternatives within Alt. 1 and Alt. 2 should be recommended as the basis for further work.
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