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1 Introduction 

This contribution analyses the Alt. 1 and Alt. 2 for mobile relay and tries to understand the commonalities and differences in order to better evaluate the two solutions.
2 Discussion
In “Report email#10: Mobile architecture options” (R3-120486), Alt. 1 and Alt. 2 architectures are proposed as potential solutions for mobile relay as shown in Figure 1.
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Figure 1: Alt.1 and Alt 2 relay architecture

Alt 1 and Alt 2 relay node architecture share the following common architectural properties:

-
UE PDN connection and RN PDN connection are preserved during mobile relay handover.
-
Mobile relay HO reuses existing UE handover procedures. It is FFS if any enhancements are needed in either case at this point
-
After HO from the initial DeNB, the UE EPS bearer is transparent to the target DeNB. 
-
UL S1-U and S1-MME packets of a UE served by mobile RN are sent on the mobile relay user plane EPS bearers from the RN to the RN P/SGW of the relay. Similarly DL S1-U and S1-MME packets are sent to the mobile relay via the P/SGW of the relay.
Additionally, Alt 1 and Alt 2 relay node architecture have the following architectural differences:

-
Alt. 1 has a S/P-GW located in the CN, whereas Alt. 2 has S/P-GW located in the initial DeNB where the mobile relay attaches for normal operation. This primarily impacts routing efficiency.
-
Alt. 1 S1-U interface for the UE is between the RN and SGW of the UE, whereas Alt. 2 has a Relay GW acting as a proxy between the SGW of the UE and the RN. 

- 
Alt 1. S1-MME interface for the UE is between RN and MME of the UE, whereas Alt. 2 has a Relay GW acting as a proxy between the MME of the UE and the RN.
Observation 1: 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.
As discussed extensively in the meeting (and captured in R3-120486):

-
The Relay-GW/PGW/SGW may be changed for routing optimization purpose, where applicable. The change of Relay-GW/PGW/SGW is independent of the RN mobility procedure and may be performed after HO completes.
As such, the location of the S/P-GW can be improved using existing procedures, albeit at the cost of disrupting the PDN connectivity of the RN and requiring a new S1 interface to be established. Additionally, an enhancement to Alt. 2 has been proposed in R3-120486 which moves the RN PGW/SGW functionality and relay GW into a separate mobility anchor and would enable the routing of  Alt. 1 and Alt. 2 to be equivalent.
Observation 2: The optimization of location of the S/P-GW to improve routing efficiency in Alt 2 can be solved either by using a separate mobility anchor or changing the location of the Relay-GW/PGW/SGW.
The bigger difference between Alt. 1 and Alt. 2 is therefore the presence of the Relay GW in Alt. 2. 
From Rel-10, the Relay GW performs the following primary functions:

-
Proxying the S1 and X2 signalling messages as well as GTP data packets between the S1 and X2 interfaces associated with the RN and the S1 and X2 interfaces associated with other network nodes. (

NOTE: 
As stated in TS 36.300” Due to the proxy functionality, the DeNB appears as an MME (for S1-MME), an eNB (for X2) and an S-GW (for S1-U) to the RN.”

-
Providing information to the DeNB about the UEs connected to the RN in order to provide better QoS support on the Un interface
Observation 3: After the initial HO event, since the DeNB and Relay GW are no longer collocated, the only function served by the Relay GW is a proxy for the S1 and X2 interfaces, i.e., the Relay GW is similar to a HeNB GW.

Unless new procedures are specified the Relay GW therefore serves a similar role to the HeNB GW after the initial HO event. It is FFS whether the number of RNs can justify the need for a HeNB GW like proxy.
3 Conclusions

This contribution has compared  the commonalities and differences of Alt 1 and Alt 2 for Mobile Relays.  

It is proposed to capture the following observations in the TR:

Observation 1: 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.
Observation 2: The optimization of location of the S/P-GW to improve routing efficiency in Alt 2 can be solved either by using a separate mobility anchor or changing the location of the Relay-GW/PGW/SGW.

Observation 3: After the initial HO event, since the DeNB and Relay GW are no longer collocated, the only function served by the Relay GW is a proxy for the S1 and X2 interfaces, i.e., the Relay GW is similar to a HeNB GW.

NOTE: 
As an additional exercise, the Annex contains a comparison between Alt. 1 and Alt.2 based on the comparison table in TR 36.416 in section 6 which may also be captured in the TR although the difference are minor.
4 Annex
	
	Alt 1
	Alt 2 

	Spectral efficiency
	Equivalent 

(Architectural differences do not impact these issues which are primarily PHY related as both solutions appear as a separate eNBs to the UEs on the train and provide independent access and backhaul links)

	Doppler Mitigation
	

	Penetration loss avoidance
	

	Impact on UE energy consumption
	

	SINR improvement
	

	Capacity
	

	Coverage
	

	Backhaul link stability
	

	Multi-RAT support 
	Equivalent 
(Alt 2 has additional functionality that would not be used in the case of a non-LTE backhaul but both support any access link technology)

	Signalling overhead 
	Equivalent (both use the same S1 or X2 handover mechanism for the mobile relay)

	Latency
	Slightly lower due to optimal location of P/SGW for mobile relay
	Slightly higher due to colocation of the P/SGW with the DeNB, i.e., less efficient in terms of routing. 
Latency can be improved by GW relocation procedures

	Handover success rate
	Slightly lower
	Slightly higher due to additional routing latency

	Standardization effort and complexity
	Relay complexity is roughly the same
Standardization effort is FFS based on what new procedures are defined. Overall it may be easier if backwards compatibility to Rel-10 is not needed.
	Relay complexity is roughly the same.
Standardization effort is FFS based on what new procedures are defined. Overall it may be harder if backwards compatibility to Rel-10 is not needed.

	Estimated cost
	Relay cost is the same
Cheaper if an operator does not deploy a Rel-10 relay solution
	Relay cost is the same
Likely less impact to the existing RAN if Rel-10 relay is already deployed

	Impact on existing network architecture 
	Compatible with Rel-8 architecture but introduces a second architecture for Relays to the standard
	Likely compatible with Rel-10 relay architecture. Not clear what the role of the relay GW is once the relay moves away from the initial DeNB

	Security
	Can adapt Rel-10 relay mechansims
	Can adapt Rel-10 relay mechansims
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