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1 Introduction

The demand of traffic offloading is increased as the number of UEs under a Mobile Relay (MRN) increases. It’s suggested to consider the aspect of offloading in determining a suitable architecture for MRN. This contribution addresses the support of LIPA and SIPTO [1] for MRN and a comparison among MRN architecture alternatives is presented.
2 Discussions
The key in designing traffic offloading for the UEs under MRN is the deployment of UE’s L-GW (Local Gateway), which is used for PDN connectivity-based LIPA and SIPTO. Two typical deployments of UE’s L-GW are (1) UE’s L-GW located at MRN (denoted by UE_L-GW@MRN), and (2) UE’s L-GW collocated with MRN’s P-GW (denoted by UE_L-GW@MRN_P-GW). It is assumed that MRN’s P-GW is equipped with SGi interface to the Internet. Therefore, for the case of UE_L-GW@MRN_P-GW, UE’s L-GW is accordingly equipped with SGi, which is the breakout for both LIPA and SIPTO in the case.

For the case of UE_L-GW@MRN, UE’s L-GW is the breakout for LIPA. However, since there is no SGi at MRN, it is necessary to find SGi at another device for SIPTO traffic. It is proposed that MRN’s P-GW is a good choice providing SGi for UE’s L-GW. For the purpose of providing SGi, MRN’s P-GW is functioning as MRN’s L-GW. Therefore, two-stage breakout for SIPTO traffic (uplink) is implemented by firstly UE’s L-GW and secondly MRN’s L-GW. For the purpose of clarity, the illustration for the case of UE_L-GW@MRN fitting in Alt.2 is displayed in Figure 1. Signalling procedure for LIPA and SIPTO is displayed in Figure 2. Control plane and user plane protocol stacks are shown in Figure 3 and Figure 4.
From the aspect of LIPA and SIPTO support, major alternatives of MRN architecture in TR. 36.836 can be classified into the following three groups: (1) Alt.1 and eAlt.2-3, in which MRN’s P-GW is located in EPC, (2) Alt.2 and eAlt.2-2, in which MRN’s P-GW is located at the Initial DeNB, (3) eAlt.2-1, in which MRN’s P-GW is located at the Target DeNB and (4) Alt.4, in which L-GW is not collocated with MRN’s PGW. There are six combinations by paring the three groups of alternatives with the two cases of UE’s L-GW deployment as listed in Table 1.
Table 1. Pairing MRN architecture with UE’s L-GW deployment
	MRN architecture

UE’s L-GW deploy.
	Alt.1 & eAlt.2-3 
	Alt.2 & eAlt.2-2
	eAlt.2-1
	Alt.4

	UE_L-GW@MRN:

1. LIPA breakout at UE’s L-GW

2. Two-stage breakout: UE’s L-GW and MRN’s L-GW
	1. UE’s L-GW at MRN
2. MRN’s L-GW collocated with the standalone MRN’s P-GW in EPC
	1. UE’s L-GW at MRN

2. MRN’s L-GW collocated with MRN’s P-GW at the Initial DeNB
	1. UE’s L-GW at MRN

2. MRN’s L-GW collocated with MRN’s P-GW at the Target DeNB
	1. UE’s L-GW at MRN

2. UE’s second L-GW is located at the Target DeNB

	UE_L-GW@MRN_P-GW

LIPA and SIPTO breakout at UE’s L-GW
	UE’s L-GW collocated with the standalone MRN’s P-GW in EPC
	UE’s L-GW collocated with MRN’s P-GW at the Initial DeNB
	UE’s L-GW collocated with MRN’s P-GW at the Target DeNB
	-
(UE’s L-GW is not at the MRN_P-GW, it is at the Target DeNB)
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Figure 1. UE_L-GW@MRN in Alt.2
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Figure 2. UE_L-GW@MRN in Alt.2: Signalling Procedure
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Figure 3. UE_L-GW@MRN in Alt.2: Control Plane Protocol Stacks
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Figure 4. UE_L-GW@MRN in Alt.2: User Plane Protocol Stacks
3 Comparison and Conclusion

Comparison of MRN alternatives from the aspect of LIPA and SIPTO support is summarized in Table 2 as explained in the following.
For deployment cost, the case of UE_L-GW@MRN requires added L-GW function at MRN in all MRN alternatives, which should be seen as low cost. There is no extra deployment cost for the case of UE_L-GW@MRN_P-GW for all MRN alternatives.
For LIPA efficiency, the case of UE_L-GW@MRN outperforms the case of UE_L-GW@MRN_P-GW over all MRN alternatives. Moreover, the lowest LIPA efficiency is seen for Alt.1 & eAlt.2-3 in the case of UE_L-GW@MRN_P-GW, due to the standalone MRN’s P-GW in EPC.
For SIPTO efficiency, the lowest SIPTO efficiency is seen again for Alt.1 & eAlt.2-3 due to the same reason as in LIPA efficiency.
For group mobility support, the case of UE_L-GW@MRN does not require re-connection of UE’s LIPA and SIPTO PDN connection after MRN moves to a new DeNB, since UE’s L-GW remains the same in the case of MRN handover.
For standardization effort, since the baseline of reference is R10, only Alt.1 suffers in the metric.
Table 2. Summary of performance comparison among MRN alternatives supporting LIPA and SIPTO
	Option

Metric
	Alt.1 & eAlt.2-3 
	Alt.2 & eAlt.2-2
	eAlt.2-1 & Alt.4

	
	UE_L-GW@MRN 
	UE_L-GW@
MRN_P-GW
	UE_L-GW@MRN 
	UE_L-GW@
MRN_P-GW
	UE_L-GW@MRN 
	UE_L-GW@
MRN_P-GW
(for eAlt.2-1)/
UE’s second L-GW (for Alt.4)

	Deployment cost
	Low

(L-GW function at MRN)
	No impact
	Low

(L-GW function at MRN)
	No impact
	Low

(L-GW function at MRN)
	No impact

	LIPA efficiency
(Note 1)
	High
(UE--MRN)
	Low
(UE--MRN--
TargetDeNB--
MRN_P_GW)
(MRN’s P-GW in EPC)
	High
(UE--MRN)
	Medium
(UE--MRN--
TargetDeNB--
InitialDeNB)
	High
(UE--MRN)
	Medium
(UE--MRN--
TargetDeNB)

	SIPTO efficiency
(Note 2)
	Low
(UE--MRN--
TargetDeNB--
MRN_P_GW)

 (MRN’s P-GW in EPC)
	Low
(UE--MRN--
TargetDeNB--
MRN_P_GW)

(MRN’s P-GW in EPC)
	Medium
(UE--MRN--
TargetDeNB--
InitialDeNB)
	Medium
(UE--MRN--
TargetDeNB--
InitialDeNB)
	High
(UE--MRN--
TargetDeNB)
	High

(UE--MRN--
TargetDeNB)

	Group mobility support 
(Note 3)
	Yes
	No
	Yes
	No
	Yes
	No

	Standardization effort 
(Note 4)
	Medium for Alt.1

No impact for eAlt.2-3
	Medium for Alt.1

No impact for eAlt.2-3
	No impact
	No impact
	No impact for eAlt.2-1
Medium for Alt.4
	No impact for eAlt.2-1
Medium for Alt.4


Note 1: Considering the path length for LIPA traffic (uplink). Shorter path makes higher efficiency.
Note 2: Considering the path length for SIPTO traffic (uplink). Shorter path makes higher efficiency.
Note 3: Does it require re-connection of UE’s LIPA/SIPTO PDN connection when MRN moves to a new DeNB?
Note 4: Reference baseline is R-10.
According to the discussion above, it is concluded that Alt.2, Alt.2 enhancements (i.e. eAlt.2-1 and eAlt.2-2) and Alt.4 with UE_L-GW@MRN are better choice among all options. Based on the analysis, we proposal to add the following analysis result in TR36.836
Table 3. Comparison metric: LIPA/SIPTO supporting
	Metric
	Mobile relay solutions

	
	Alt.1
	Alt.2
	eAlt.2-1
	eAlt.2-2
	eAlt.2-3
	Alt.4

	LIPA/SIPTO Support
	LIPA efficiency
	Low
	Medium
	Medium
	Medium
	Medium
	Medium

	
	SIPTO efficiency
	Low
	Medium
	High
	Medium
	Low
	High


Proposal 1: It’s proposed to include Table 3 into TR 36.836.
Proposal 2: It’s proposed that UE’s L-GW should be deployed at MRN for better LIPA and SIPTO support.
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