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1 Introduction 

In RAN 56 CATT presented a paper seeking clarification on the scope of the mobile relay SI for working groups RAN1, RAN2, and RAN4 [1]. The conclusion of the RAN plenary discussion was for RAN3 to continue work on the SI to reduce the number of architecture options considered. Furthermore, in RAN3 #76, IDCC posed 4 questions soliciting participants views on the way forward for the SI in RAN3 [2]. Most of the respondent expressed an interest to focus on Alt2. mobile relay architecture, and a roughly half as many respondent expressing an interest in Alt.1. In this contribution we provide a short discussion of the relative pros and cons of the different mobile relay architectures studied in [3], and propose a way forward for the RAN3 work related to the mobile relay study item.

2 Discussion
Reference [2] outlined several remaining challenges for mobile RN. Key among these are:

1. Relay PGW relocation for path optimization.

2. Protocol procedure enhancements (e.g. security enhancements to Alt. 1)
3. Multi-RAT support

4. Roaming and charging (related to 1 & 3 above)
5. Impact of cell edge operation on backhaul throughput.
6. Admission control for GBR traffic at target DeNB.
7. Coexistence with Rel. 10 RN on the same DeNB.
Alt. 1
Alt.1 architecture is seductively simple from a system perspective. However, there are several serious challenges that must be addressed for it to be a suitable candidate for mobile relays in high speed trains:

· There are several challenges for Alt.1 RNs, including how to provide integrity protection for bearers carrying signalling to the RN, and coexistence with Rel. 10 relays on the same DeNB.

· There is currently no procedure to support PGW relocation. And since the RN P/SGW for Alt.1 is a generic P/SGW (not integrated to the DeNB), the introduction of such a procedure appears to be beyond the scope of the mobile relay WI.

· The inability to support PGW relocation carries over to multi-RAT support, and roaming.

Furthermore, as elaborated in [4] Alt. 1 shares many commonalities with Alt. 2, whereas Alt. 2 does not have many of the drawbacks of Alt.1. Hence there seems to be no advantage of Alt. 1 vs. Alt. 2.

Conclusion 1: Since Alt. 1 provides no major advantage over Alt. 2, but has several serious drawbacks, there is no compelling reason to continue to pursue Alt. 1.

Alt. 2/eAlt. 2-2
Alt.2 and other architectures derived from Alt. 2, have the clear advantage of backward compatibility with Rel. 10 RN architecture.  The major challenges for Alt.2 are how to support PGW relocation, and the challenge to support admission control for GBR traffic during HOs.

Reference [5] provides a solution for PGW relocation applicable to Alt. 2 and eAlt. 2-2. This procedure is a simple extension to HO with SGW relocation, and hence is directly applicable to eAlt. 2-2. eAlt. 2-2 is essentially identical to Alt. 2, except for the relocation of the SGW to the target DeNB. Hence, we can think of Alt.2 and eAlt. 2-2 as a single solution for mobile RN, where SGW relocation (eAlt. 2-2) is used to enable PGW relocation. In other words, if PGW relocation is not needed for a particular HO, then a normal Alt. 2 HO procedure without SGW relocation can be used. And if PGW relocation is needed, then the HO with S/PGW relocation procedure is used [5].
Conclusion 2: Alt. 2 and eAlt. 2-2 can be considered as a single architecture solution for mobile relay. HO with SGW relocation (eAlt. 2-2) is invoked only if a PGW relocation is desired.
eAlt. 2-1
eAlt.2-1 has several advantages compared to other architectures, including inherent support for PGW relocation, and the opportunity to leverage existing bearer reconfiguration procedures for seamless admission control. In addition, a major advantage of the dual-RN architecture is the ability to support make-before-break HOs, and dual connections for enhanced Un capacity at the DeNB cell edge. However, concerns have been raised regarding the potential delay in attaching the RN_UE to the target DeNB, and detaching the RN_UE from the source DeNB with each HO event.
One observation is that most other architectures considered for mobile relay (e.g. Alt. 1, Alt. 2, eAlt. 2-2, eAlt. 2-3), all presume that the RN’s PGW will be remote from the DeNB. With this in mind, it is feasible to use the dual RN architecture without the need to always attach to the PGW in the next DeNB. In fact both PDN connections can be to a single PGW, which may not correspond to either the source or the target DeNB. In this approach each of the bearers corresponding to the two PDN connections can be handed off separately from the source to the target DeNB, using existing S1 or X2 HO procedures. The major advantage of dual-RN of supporting the make-before-break HO can still be supported, without the delay of an attach and detach. Furthermore, this can be supported both for an Alt. 1 (RN PGW in EPC) or Alt.2 (RN PGW in RAN) architecture.
Thus we can still gain the benefit of the dual-RN solution, by considering it as an enhancement to either an Alt.1 or Alt.2 mobile RN architecture. However, such a solution would not have the benefits of PGW relocation or admission control, of the original eAlt. 2-1 architecture. The benefits of the dual-RN solution for enhancing cell edge performance, do not need to be addressed at this time, and can be left for the RAN 1 performance evaluation of mobile RNs.

Conclusion 3: We can consider the dual-RN as an enhancement to Alt. 2 or Alt. 1, rather than a separate mobile RN solution. There is no urgency to evaluate the benefits of this solution from a cell edge capacity perspective, and this can be left for RAN 1 to evaluate.

eAlt. 2-3
No clear advantage has been defined for eAlt.2-3 in the various contributions and discussions to date. eAlt.2-3 has many similarities with Alt.1, and seems to share most of its shortcomings. On the other hand, there does not appear to be any advantages to compensate for these short comings. Therefore, we conclude that there is no advantage to continue to study eAlt.2-3.

Alt. 4

Alt.4 is a very elegant solution for mobile RNs. However, this solution would require several enhancements to existing protocols, as well as being a departure from the exiting Rel. 10 RN architecture. Therefore, it is not clear if the benefits of this architecture out-weigh the cost of additional standardization work. We conclude that we may not need to continue to consider Alt.4 in this WI/SI.

Conclusion 4: There is no advantage to continuing to study eAlt. 2-3, and there is insufficient motivation to continue to consider Alt. 4 as a solution for mobile RN.
3 Conclusions

This contribution discusses the pros and cons of the different mobile RN architecture solutions studied in [3]. We drew the following conclusions:
Conclusion 1: Since Alt. 1 provides to major advantage over Alt. 2, but has several serious drawbacks, there is no compelling reason to continue to pursue Alt. 1.

Conclusion 2: Alt. 2 and eAlt. 2-2 can be considered as a single architecture solution for mobile relay. HO with SGW relocation (eAlt. 2-2) is invoked only if a PGW relocation is desired.

Conclusion 3: We can consider the dual-RN as an enhancement to Alt. 2 or Alt. 1, rather than a separate mobile RN solution. There is no urgency to evaluate the benefits of this solution from a cell edge capacity perspective, and this can be left for RAN 1 to evaluate.

Conclusion 4: There is no advantage to continuing to study eAlt. 2-3, and there is insufficient motivation to continue to consider Alt. 4 as a solution for mobile RN.

Proposal: RAN3 should focus on enhancing Alt. 2 to address any remaining issues. The following can be viewed as enhancements to Alt. 2:
· Support an option for S/PGW relocation procedure to enable path optimization [5]
· Study the dual RN solution as a mechanism to enhance cell edge capacity. This item can be revisited based on results of RAN 1 evaluation.

No need to continue further study of other mobile RN architectures defined in [3]
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