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1 Introduction

The TR on “Extension of Dual Connectivity in E-UTRAN” [1] currently describes 3 alternatives for SIPTO@LN with co-located L-GW:
1. L-GW in the MeNB;

2. L-GW in the SeNB; 

3. L-GWs in both MeNB and SeNB.

While all these alternatives can be equally valid from a purely theoretical point of view, we believe that not all of them may be feasible in real life. This paper will provide further analysis and propose a possible prioritization for the continuation of the study. 
2 Discussion
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Figure 1 Architectures of SIPTO@LN with co-located L-GW for DC [1].

The alternatives for SIPTO@LN with co-located L-GW and DC captured in [1] are shown in Figure 1. Some preliminary analysis is summarized in Table 4.1.2-1 of [1]. Let us further analyze the possible implications of the various bearer termination options from the point of view of a real deployment.
The whole purpose of SIPTO@LN is to select the most appropriate GW according to the UE location information [2]. Dual Connectivity puts two additional constraints on SIPTO@LN operation:

1. The location of the co-located L-GW may be more or less optimal with respect to the location of the UE;

2. The choice of MCG, SCG or split bearer may or may not make sense depending on the location of the L-GW.

2.1 Optimal L-GW Location

In case the UP to an SeNB is transported via the MeNB (if e.g. the MeNB has a better backhaul connection), there is no point in deploying an L-GW in that SeNB. In this case, it is simpler to just deploy the L-GW into the MeNB.

Observation 1: The optimal location for the co-located L-GW depends on which node has the best connectivity to external data networks; otherwise, the interface between the MeNB and the SeNB may prove limiting.
Proposal 1: Capture the considerations on optimal L-GW location in [1].

It is worth noting that SIPTO@LN is for a single bearer only [2]: while in theory both the MeNB and the SeNB might have co-located L-GWs, only one at a time will ever be used for any given UE. Treating the case of L-GWs in both the MeNB and the SeNB as a separate alternative, therefore, seems unnecessary. In fact, looking at the description in [1], we can further observe that Alternative 3 seems to be a mere “superposition” of Alternatives 1 and 2 (which are orthogonal). 
For the reasons above, it seems more appropriate to remove Alternative 3 from [1].

Proposal 2: Remove Alternative 3 (L-GWs co-located with both MeNB and SeNB) from [1].
2.2 Optimal Choice of Bearer Type
For the case without SIPTO@LN, the only possible path for UP traffic is through the core network; the choice of bearer type has obviously no impact on traffic routing. When co-located L-GW(s) are considered, however, we notice that several combinations of SIPTO@LN bearer type and L-GW location are theoretically possible.
A few combinations seem to always make sense, such as the cases of SIPTO@LN as M/SCG bearer when the L-GW is co-located with the M/SeNB: in these cases the traffic termination point and the radio anchor are the same, thereby ensuring the most optimized path. A few other combinations seem to never make sense  such as the cases of SIPTO@LN as S/MCG bearer when the L-GW is co-located with the M/SeNB: in these cases all the packets for the SIPTO bearer terminate in one node and are transferred to the other through X2-U, creating an obvious criticality in the traffic path.

For split bearers, for the case of L-GW in the MeNB the benefit depends on the relative performance of X2-U with respect to Uu toward the SeNB (i.e. there is the risk of “losing” due to transport what is “gained” over the radio). Notice that this is similar to the case without SIPTO@LN. The case of L-GW in the SeNB is already excluded from [1] because it is incompatible with the MeNB being in control.
These combinations are shown in Table 1 below.
	
	SIPTO bearer
=
MCG bearer
	SIPTO bearer
=
SCG bearer
	SIPTO bearer
=
split bearer

	L-GW co-located with MeNB
	Beneficial
	Not beneficial – all SIPTO traffic routed to the MeNB
	Beneficial as long as X2-U  between MeNB and SeNB is good enough (similar to the case without SIPTO)

	L-GW co-located with SeNB
	Not beneficial – all SIPTO traffic routed to the SeNB
	Beneficial
	Excluded


Table 1 Possible combinations of bearer type and L-GW location.
Proposal 3: Capture the analysis of the optimal choice for bearer type, including Table 1, in [1].
2.3 Further Considerations on Alt. 2
Further analyzing Alternative 2, we further notice the following:

1. Since the SeNB has no S1 connection to the MME, the SIPTO Correlation ID needs to be signaled through the MeNB, requiring to extend the relevant X2AP bearer management messages;

2. The S5 interface toward the EPC needs to be routed through the MeNB, thereby putting an additional constraint on MeNB transport.

Proposal 4: Capture the additional considerations on Alternative 2 in [1].
3 Conclusions and Proposals
We have further analyzed the issues of optimal L-GW location and of interactions between L-GW location and bearer type. We believe the current TR text [1] needs to be complemented by the analysis above. Our observation and proposals are summarized below.
Observation 1: The optimal location for the co-located L-GW depends on which node has the best connectivity to external data networks; otherwise, the interface between the MeNB and the SeNB may prove limiting.

Proposal 1: Capture the considerations on optimal L-GW location in [1].

Proposal 2: Remove Alternative 3 (L-GWs co-located with both MeNB and SeNB) from [1].
Proposal 3: Capture the analysis of the optimal choice for bearer type, including Table 1, in [1].

Proposal 4: Capture the additional considerations on Alternative 2 in [1].

Proposal 5: Capture the TP in Sec. 5.
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5 Text Proposal for TR 36.875

4.1.2
SIPTO at the Local Network with collocated L-GW for Dual Connectivity
There are the following architecture alternatives for different scenarios:
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Figure 4.1.2-1：Architectures of SIPTO at local network with collocated LGW for DC

Alternative 1: LGW in MeNB.

SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be SCG bearer or split bearer. Service continuity can be assured if MeNB is unchanged. Only S1 backhaul can be saved for SCG bearer.

For SIPTO bearer setup, switch and bearer deactivation procedure, the existing procedure is enough. There is no stage 3 (at least ASN.1) impact. If SIPTO bearer is configured to SeNB as SCG bearer, the MeNB set the uplink TEID and TNL address as Correlation ID and TNL address of the LGW in X2AP message and transmit to the SeNB.

This alternative is used in the scenario that MeNB has collocated LGW function.

Alternative 2: LGW in SeNB.

The bearers in SeNB can be offloaded. Only SCG bearer option can be configured as SIPTO bearer. Once there is SeNB change, the bearer should be deactivated.

For SIPTO bearer setup, the MeNB report the LGW IP in SeNB to the MME. The MME transmit the Correlation ID to MeNB when MME decide to setup SIPTO bearer for the UE. To configure the local tunnel in SeNB, Correlation ID needs to be transmitted to the SeNB over X2.

The existing procedure is enough for SIPTO trigger bearer deactivation during handover or during bearer switch.

This alternative is used in the scenario that SeNB has collocated LGW function.






Table 4.1.2-1: Summary of the collocated architecture alternatives:

	
	Architecture alternative 1
	Architecture alternative 2
	

	Architecture description
	LGW in MeNB
	LGW in SeNB
	

	Scenarios to be used
	MeNB has collocated LGW function

	SeNB has collocated LGW function
SIPTO bearer has to be deactivated during SeNB change procedure.
	


	Specification impact
	No stage 3 impact
	The meaning of LGW IP in Initial UE Message and Uplink  NAS Transfer (ASN.1 can already support it);

MeNB transmit Correlation ID to SeNB for local tunnel setup in SeNB
	




The purpose of SIPTO@LN is to select the most appropriate GW according to the UE location information. Dual Connectivity puts two additional constraints on SIPTO@LN operation:

· The location of the co-located L-GW may be more or less optimal with respect to the location of the UE;

· The choice of MCG, SCG or split bearer may or may not make sense depending on the location of the L-GW.

In case the UP to an SeNB is transported via the MeNB (if e.g. the MeNB has a better backhaul connection), there is no point in deploying an L-GW in that SeNB. In this case, it is simpler to just deploy the L-GW into the MeNB.
Several combinations of SIPTO@LN bearer type and L-GW location are theoretically possible.

Some combinations seem to always make sense, such as the cases of SIPTO@LN as M/SCG bearer when the L-GW is co-located with the M/SeNB (respectively): in these cases the traffic termination point and the radio anchor are the same, thereby ensuring the most optimized path. Other combinations seem to never make sense, such as the cases of SIPTO@LN as S/MCG bearer when the L-GW is co-located with the M/SeNB (respectively): in these cases all the packets for the SIPTO bearer terminate in one node and are transferred to the other through X2-U, creating an obvious criticality in the traffic path.

For split bearers, for the case of L-GW in the MeNB the benefit depends on the relative performance of X2-U with respect to Uu toward the SeNB (i.e. there is the risk of “losing” due to transport what is “gained” over the radio). Notice that this is similar to the case without SIPTO@LN. The case of L-GW in the SeNB is already excluded because it is incompatible with the MeNB being in control.

These combinations are shown in Table 4.1.2-2 below.
Table 4.1.2-2 Possible combinations of bearer type and L-GW location.
	
	SIPTO bearer
=
MCG bearer
	SIPTO bearer
=
SCG bearer
	SIPTO bearer
=
split bearer

	L-GW co-located with MeNB
	Beneficial
	Not beneficial – all SIPTO traffic routed to the MeNB
	Beneficial as long as X2-U  between MeNB and SeNB is good enough (similar to the case without SIPTO)

	L-GW co-located with SeNB
	Not beneficial – all SIPTO traffic routed to the SeNB
	Beneficial
	Excluded
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