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1 Introduction 

As discussed in R3-121217, (and reproduced in Figure 1 below), the primary architectural differences (after the first HO event) between Alt. 1 and Alt. 2 are the location of the S/P-GW for the RN and the presence of the Relay GW in the path of the S1-U and S1-MME interface for the UE.
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Figure 1: Alt.1 and Alt 2 relay architecture

This contribution considers the Alt. 1 and Alt. 2 architectures for mobile relay and tries to converge on a way forward that focuses on enabling the procedures required that are common to both approaches while allowing the actual choice of architecture being left to MME configuration.
NOTE: 
In the rest of this contribution we ignore the role of the Relay GW in Alt. 2 since it is transparent to the architecture after the initial HO. While, the two architectures will have different protocol stacks due to the presence of the Relay GW, this is a by-product of the architectures being different and more insight can be gained by only focussing on the procedural aspects as defined in 4.7.6 of TS 36.300.

2 Discussion
In order to analyse the impact of the relay procedures on Alt. 1 and Alt. 2, it is first necessary to make the following observations:  

Observation 1: Alt 1 and Alt 2 basically differ in whether the MME selects the initial GWs collocated or separate from the DeNB.

Observation 2:  After the initial HO, both Alt. 1 and Alt. 2 have a DeNB and GW that are logically and physically separated

Therefore, the primary task of mobile relay can be left to analysing the impact of a separate DeNB and PGW for the RN on the existing Rel-10 procedures.

3 Analysis of relay procedures
3.1
Impacts to relay attach procedure
As described in TS 36.300 section 4.7.6.1, the relay attach procedure has the following differences with respect to a normal UE attach:

1.
The DeNB has been made aware of which MMEs support RN functionality via the S1 Setup Response message earlier received from the MMEs;

2.
The RN sends an RN indication to the DeNB during RRC connection establishment;

3.
After receiving the RN indication from the RN, the DeNB sends the RN indicator and the IP address of the S‑GW/P-GW function embedded in the DeNB, within the Initial UE Message, to an MME supporting RN functionality;

4.
MME selects S-GW/P-GW for the RN based on the IP address included in the Initial UE Message;

5.
During the attach procedure, the EPC checks if the RN is authorised for relay operation; only if the RN is authorised, the EPC accepts the attach and sets up a context with the DeNB; otherwise the EPC rejects the attach.

The only difference in this case between Alt.1 and Alt.2 would be whether:

-
The MME in 4 will select a collocated S-GW/P-GW or not; and 
-
The DeNB in 3 is not required to send the IP address with the Initial UE message although it can also be ignored by the MME for an operator that deploys a mobile relay using Alt. 1.
In either case modifications are needed to the existing procedure to enable a mobile relay. These modifications can be made to accommodate both Alt. 1 and Alt. 2.

Conclusion 1: The existing Rel-10 relay attach procedure requires minor modifications to accommodate both the Alt. 1 and Alt. 2 architectures for mobile relays.
3.2
Impacts to E-RAB activation/modification
The E-RAB activation/modification procedure defined in TS 36.300 section 4.7.6.2 applies to both Alt. 1 and Alt. 2. Any further enhancements to improve the QoS on the Un interface after the initial HO can be common since the Alt. 2 architecture can no longer relay on the Relay GW being collocated with the DeNB.

Conclusion 2: Any enhancements to the existing Rel-10 E-RAB activation/modification procedure that are deemed necessary to support a mobile relay can be made common to the Alt. 1 and Alt. 2.
3.3 Impacts to RN start-up procedure
As described in TS 36.300 section 4.7.6.3, the relay start-up procedure has the following differences with respect to a normal UE attach:

I.
Phase I: Attach for RN preconfiguration.
II.
Phase II: Attach for RN operation.
It is clear that the phase I procedures are the same for Alt. 1 and Alt. 2, although there might be some differences in parameters used (e.g., the list of acceptable DeNBs may differ). 
The attach part of Phase II is already analysed in section 3.1, but there may be some differences based on the presence of the Relay GW in how the S1 and X2 interfaces are set up. These differences may be transparent to the mobile relay and left to implementation depending on whether there is a Relay GW present.
Conclusion 3: The existing Rel-10 relay start-up procedure requires minor modifications to accommodate both the Alt. 1 and Alt. 2 architectures for mobile relays.
3.4
Impacts to RN detach procedure and mobility to or from RN
The RN detach procedure defined in TS 36.300 section 4.7.6.4 applies to both Alt. 1 and Alt. 2.
In the case of Alt. 1, the additional X2 and S1 eNB configuration updates are not needed. In the case of Alt. 2, it is FFS whether the mobile relay will still appear as a cell of the DeNB collocated with the Relay GW once mobility is introduced. 

Conclusion 4: The existing UE or RN detach procedures can be reused for a mobile relay. Alt. 1 and Alt. 2 detach procedures may differ depending on whether the mobile relay appears as a cell of the DeNB collocated with the Relay GW.

The additional steps for handover between the mobile relay and neighbour eNB defined in TS 36.300 section 4.7.6.6 apply to the functionality of the Relay GW and so are not needed by the mobile relay. Additionally, the call flows for mobility for Alt.1 and Alt. 2 are the same as shown in TR 36.836.
Conclusion 5: Any enhancements to the existing HO procedures that are deemed necessary to support a mobile relay can be made common to the Alt. 1 and Alt. 2.
3.5
Impacts to security procedures

As defined for Rel-10 relays, the S1/X2 messages in Un interface between DeNB and mobile relay shall be integrity, confidentially and replay-protected from unauthorized parties. As discussed in R3-121050 (Security Aspects on Mobile Relay Architecture Alternative 1), in Alt. 1 the initial DeNB is unaware of which bearers are carrying the S1/X2 messages. As such Alt. 1 needs a method for informing the initial DeNB of which bearers are carrying the S1/X2 messages.
Conclusion 5: Further enhancements to the existing security procedures are necessary to support a mobile relay for Alt. 1. 
4 Conclusions

This contribution has compared the commonalities and differences of Alt 1 and Alt 2 for Mobile Relays based on the following observations:  

-
Observation 1: Alt 1 and Alt 2 basically differ in whether the MME selects the initial GWs collocated or separate from the DeNB.

-
Observation 2:  After the initial HO, both Alt. 1 and Alt. 2 have a DeNB and GW that are logically and physically separated

Based on the above observations, it is proposed to capture the following in the TR:
-
Proposal 1: RAN3 should adopt both Alt. 1 and Alt. 2 as allowed architectures for mobile relays, where the choice in a real deployment is based on MME configuration
-
Proposal 2: RAN3 should focus on defining any procedures related to a relay with a separate DeNB and GW in the mobile relay SI/WI that are common to Alt. 1 and Alt. 2
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