
3GPP TSG RAN WG3 Meeting #75bis   









R3-120635
March 26 - 30, 2012

San Jose del Cabo, Mexico
Agenda item:
16.1
Source:
New Postcom

Title:
Consideration on Mobile Relay architecture
Document for:
Discussion and Decision
1 Introduction

In last meeting, several solutions were proposed for Mobile Relay architecture. 
This paper would try to discuss the solution from the aspects of Mobile RN’s features and try to compare them initially.
2 Discussions
2.1 General
During the discussion on Mobile Relay in previous meetings, several issues were mentioned. Before going to details on the issues, the architecture for Mobile Relay should be decided at first.

Basically, there are two classes of solutions for Mobile Relay:

· Based on Alt1 in 36.806

· Based on R10 Relay architecture

· Dual Mobile RN

· Alt 2 + PMIP

· RN’s SGW/PGW separated from initial DeNB

Besides, there is another architecture which is based on Alt 2 with separation of RN’s SGW and RN’s PGW [1]. From perspective of the location of RN’s SGW/PGW, it inherits from Alt 2, i.e. the RN’s SGW and PGW are co-located with DeNB(s) respectively. From the view of EPS bearer mapping function, it has some similarity with Alt 1.
In this paper, we do some comparison for the candidate solutions.

2.2 Candidate Solutions
Now we have several solutions for Mobile Relay architecture:
· Solution 1: Based on Alt1 in 36.806

· Based on Alt2 in 36.806

· Solution 2: Dual Mobile RN

· Solution 3: Alt 2 + PMIP

· Solution 4: RN’s SGW/PGW separated from initial DeNB

· Solution 5: Alt 2 + Separation of RN’s SGW/PGW

· Solution 6: Based on Alt4 in 36.806

The overview on solution 5 shows here and the details can be found in [1].
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Figure 1: Architecture of Solution 5
In this solution the key point is that RN’s PGW is always located in initiating DeNB and RN’s SGW is always located in the DeNB which Mobile RN accessing to. LTE backhaul bearer is served the connection between initial DeNB and Mobile RN via accessing DeNB. The interface between initiating DeNB and accessing DeNB is S5. The type of handover procedure which performed once Mobile RN arrived at new DeNB is inter-eNB HO with SGW relocation. The MME served for Mobile RN may not be changed.
2.3 The length of user plane
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Figure 2: Length of user plane path for Solution 1, 3, 4 and 5
In Solution 1, 4 and 5, due to RN’s SGW/PGW is the mobility anchor during mobile RN moving, UE’s user plan will always go through RN’s SGW/PGW whatever where the RN’s SGW/PGW located at. The difference between the solutions is the location of RN’s SGW. From the perspective of user plane length, it always goes through accessing DeNB and mobility anchor which located in initiating location. 
The anchor in Solution 1 is RN’s SGW and located in initiating core network. The RN’s SGW will be changed according to RN’s MME decision during RN’s movement. However, one of the endpoint of LTE backhaul bearer, i.e. RN’s PGW cannot be changed and still stay in initiating core network. It means user plane path will always go back to initiating core network and the length of user plane gets longer with the mobile RN running farther.
This analysis also applies for Solution 4 and 5 except mobility anchor may not be located in core network.
Solution 3 has similar user plane path with solution 5, except PMIP protocol is used for mobility control.
Solution 2 has a bit shorter user plane path than other solutions, due to shorter LTE backhaul path, i.e. from RN to new DeNB.
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Figure 3: Length of user plane path for Solution 2
By the comprising above, these solutions have almost same length of their user plane path.
Observation 1: The length of user plane paths in Solution 1, 3, 4 and 5 are same, and Solution 2 has a shorter user plane path.
2.4 RN Mobility
The main point of mobility is that there is an anchor point for terminal’s user plane. The RN’s PGW should be always unchanged for Mobile RN’s intra-3GPP mobility according to Release 8 principle. The different solutions mentioned above have different aspects to support mobility, such as locations of anchor point, impacts on complexity of network or traffic load on network, etc.

In Solution 1, RN’s PGW locates at EPC and Mobile RN performs mobility procedure by reusing UE handover procedure. The UE’s traffic path from RN’s PGW to EPC nodes will not be changed during RN’s moving.
RN’s PGW in Solution 4 and 5 locates at E-UTRAN. Mobile RN can also reuse UE handover procedure when it moves.

The PMIP is used to control mobility of Mobile RN in Solution 3, the traffic of Mobile RN is still be routed between target DeNB and RN’s PGW. Due to fixed location of RN’s PGW, the traffic path between RN’s PGW and EPC nodes does not need to be changed.
The Solution 2 is concern about to implement RN mobility by changing RN’s PGW. It may be possible, but several issues need to be discussed. In this solution, when Mobile RNs (i.e. dual Mobile RNs) approximate new DeNB, a new PDN connection is established between new DeNB and RN’s PGW. Because UE’s traffic are carried by RN EPS Bearers, when a new PDN connection is established and all of UEs’ traffic need to be moved to, all of UEs’ bearer contexts are required to be moved from old DeNB to new DeNB. This action cannot reuse existing mechanism and signalling procedures. Furthermore, UE shall perform handover from Mobile RN1 to Mobile RN2 when the train crossing the border of two DeNBs’ coverage, and changing of RN’s PGW means the traffic path for every UE need to be updated, i.e. a kind of path switch procedure will be performed by every UE. It leads to high load signalling traffic for both E-UTRAN and EPC.
Observation 2: There is an obvious drawback of Solution 2 in RN mobility procedure.

2.5 Group Mobility

Group mobility is a feature which is expected to bring some optimization to solve too high UEs simultaneous signalling load during Mobile RN’s movement.
The group mobility in Solution 1 is possible in principle. All of UEs’ traffic paths just need to be updated together with changing of Mobile RN’s LTE backhaul. The reason is that RN’s PGW and Mobile RN served for UEs are also unchanged. Therefore, UEs will not experience the change of traffic path. It is same for Solution 4 and 5, except the location of RN’s PGW in the solutions are different.
As discussed in last section for Solution 2, due to new PDN connection will be used for UEs when they access to new DeNB, the mapping information of UE EPS Bearer and RN EPS Bearer should be transferred into new RN’s PGW. It has same property with PGW relocation, and it cannot be implemented without modification on specifications. It will also lead to break all of UEs’ traffic and re-establish them in new LTE backhaul. Moreover, UEs’ mobility should be handled for each of them.
In Solution 3, the special point is that a leg of LTE backhaul is carried by PMIP bearer. But PMIP bearer is transparent for UEs served by Mobile RN. The points which mapping RN EPS Bearer and UE EPS Bearer are still RN’s PGW and Mobile RN, no UE contexts need to be transferred during Mobile RN’s mobility. This solution also supports group mobility.

In summary, the RN’s PGW is unchanged during RN movement in Solution 1, 3, 4 and 5. That means UE contexts still remain in RN’s PGW and there does not have UE context transfer procedure but only RN context transfer procedure during RN movement. No UE context management issue in these solutions.
Observation 3: Solution 2 does not support group mobility.
2.6 Multi-RAT Supporting
For supporting Multi-RAT feature, it needs a function to forward the traffic to different core networks which related to different RAT. We name the node which has the function as iRAT-GW. Then the major point on supporting Multi-RAT in Mobile RN architecture is where the logical node the iRAT-GW locates in. There are two alternatives about location of iRAT-GW.
Alternative A: iRAT-GW locates at E-UTRAN. The RN EPS Bearers which carry traffic of other RATs are terminated at E-UTRAN. The IWF function in iRAT-GW forwards the traffic to RAT-related core networks by using their specific interfaces, i.e. A, Iu interface. Solution 2, 3, 4 and 5 support this alternative.

[image: image4.emf]GSM Core

EPC

UMTS Core

User-UE

U

T

R

A

U

u

User-UE

E-UTRAUu

Mobile RN

DeNB

RN

’

s GW/

iRAT-GW

User-UE

G

S

M  

U

m

LTE Un

Iu

A

S

1


Figure 4: Alternative A
Alternative B: iRAT-GW locates at CN. The RN EPS Bearers which carry traffic of other RATs can be terminated at both EPC and E-UTRAN. 
Alternative B.1: If RN EPS Bearers terminates at E-UTRAN, a centric node in core network should be found to support iRAT-GW. Higher complexity is expected to network. 
Alternative B.2: If iRAT-GW co-locates with the node which terminates RN EPS Bearer in PEC, the architecture will be less complexity. It forwards RAT-related traffic through inter-system interfaces, which using existing interface (e.g. S4) or new interface. In Solution 1, the iRAT-GW can be co-located with RN’s PGW in EPC.
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Figure 5: Alternative B.2
It is obviously that DeNB is the point which needs to integrate backhaul protocols for other RATs in Alternative A, and in Alternative B, EPC node is responsible for such functionality to connect other RAT’s CN or RAN to forward RAT-related traffic. Alternative B has possibility to make other RAT’s RAN nodes to confuse on the direction of traffic, i.e. uplink or downlink. And the alternative will also increase load on core network.
Solution 2 has some drawbacks to support Multi-RAT. If iRAT-GW co-located with RN’s PGW, every MS/UE’s handover from old Mobile RN to new Mobile RN will trigger signalling exchange towards UE’s EPC nodes for each UEs. The signalling load on DeNB and EPC will be increased greatly.

Observation 4: Solution 2 has defect to support Multi-RAT.
2.7 Summary
Some comparison for these solutions shows in Table 1.
Table 1: Comparison of solutions
	Items
	Solution 1
	Solution 2
	Solution 3
	Solution 4
	Solution 5

	Location of RN’s SGW/PGW
	EPC
	E-UTRAN
	E-UTRAN
	E-UTRAN
	E-UTRAN

	Impact on DeNB
	No new function is required
	New functions for support dual RN mechanism are required.
	New function on support PMIP protocol and LMA/MAG functionalities
	No new function is required
	New function on support S5 interface

	RN mobility
	Support RN mobility by anchoring RN’s SGW/PGW at EPC.
	A new PDN connection is required at every RN handover performed.
UE’s user plane path needs to be updated at every handover.

UE contexts need to be exchanged between source and target DeNB.
	Support RN mobility by PMIP. RN’s SGW/PGW fixed in initiating DeNB.
	Support RN mobility by anchoring RN’s SGW/PGW at E-UTRAN
	Support RN mobility by separating RN’s SGW and RN’s PGW

	Group mobility
	Support 

Medium load on EPC
	Not support

The connection should be updated per UE

High load on EPC
	Support

Low load on EPC
	Support

Low load on EPC
	Support

Low load on EPC

	Multi-RAT
	Support

iRAT-GW located at EPC
	iRAT-GW would be changed when serving DeNB changed

iRAT-GW could be locate at E-UTRAN
	Support

iRAT-GW located at E-UTRAN
	Support

iRAT-GW located at E-UTRAN
	Support

iRAT-GW located at E-UTRAN

	Backward compatibility with R10 Relay
	No
	Yes
	Yes
	Yes?
	Yes

	Standardization effort
	The standardization work which has not be done in R10 needs further work.
	Some new mechanisms to support dual RN mechanism. E.g. interworking between two Mobile RNs.
	Little standardization work is needed.
	Little standardization work is needed.
	Little standardization work is needed.


3 Conclusion

This paper discusses some solutions for Mobile RN architecture from the aspects like RN mobility, group mobility and Multi-RAT support. Different solutions have different advantages and disadvantages on these aspects. As the alternatives the characteristics of them should be discussed when we discussing baseline architecture for Mobile RN. There are some observations highlighted from discussion:

Observation 1: The length of user plane paths in Solution 1, 3, 4 and 5 are same, and Solution 2 has a shorter user plane path.

Observation 2: There is an obvious drawback of Solution 2 in RN mobility procedure.

Observation 3: Solution 2 does not support group mobility.
Observation 4: Solution 2 has defect to support Multi-RAT.
Therefore we have following proposals.

Proposal 1: RAN3 is kindly suggested to discuss the solutions in this paper and extract Solution 5 into TR as an alternative of architecture for Mobile RN.
Proposal 2: It is proposed to extract the comparison table in Section 2.7 into TR 36.416.
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