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1   Introduction 
The contribution describes the network sharing for the possible solutions to support mobile relay. Before study the network sharing for Rel-11, it is worth to start with Rel-10.
2   Network Sharing
RAN sharing is a default requirement for any new features. A shared eNB has the following functions related to network sharing:
· Function 1: Broadcast the PLMN IDs over the air interface according to the preconfigured PLMN ID. 

Note: a non-shared eNB may have multiple PLMN IDs, and also broadcast multiple PLMN IDs over the air interface according to the preconfigured PLMN ID. So Function 1 is not really a unique function for a shared eNB.
· Function 2: The eNB setup S1 interface with MMEs from different operators based on the preconfigured MME information for MOCN. In case of GWCN, the eNB setup S1 interface with the shared MMEs.
Note: a non-shared eNB also setup S1 interface with MMEs based on the preconfigured MME information. So this function is same for shared eNB and non-shared eNB. 

· Function 3: During the UE’s attach/TAU procedure, the eNB select the corresponding operator’s MME based on the TAI IE or the GUMMEI IE of the INITIAL UE MESSAGE.

· Function 4: During the UE’s HO procedure, the source eNB selects the PLMN for the UE. 
So the main difference between a shared eNB and a non-shared eNB is Function 3 and Function 4.
3   Network Sharing for Rel-10 relay
The network sharing is not fully discussed in Rel-10, for example, it is unclear whether can support only share the RN, but not share the DeNB. Relay is usually deployed in areas that are difficult to deploy a traditional pico, e.g. possibly due to the difficulty to have a wired backhaul. It is very likely that not just one operator has difficulties to provide a backhaul in some areas. So it is no doubt that operators may want to share the RN to save the cost to deploy individual RNs.  Actually, the early network sharing study ([3]) has indicated the similar scenario to support network sharing in Low Traffic Areas.

Observation 1: Rel-10 shall support the scenario that only RN is shared, but the DeNB is broadcasting only the PLMN-ID(s) of it's operator but not those of operators sharing the RN. 
4   Network sharing for Mobile Relay
4.1   Rel-10 based Mobile Relay
In Rel-10 and Rel-10 based mobile relay, the RN appears as the cell(s) of the DeNB to the CN operator. The CN operator cannot know whether it is a RN, or a cell of the DeNB. 
· Share both RN and DeNB

In following diagram, RN1 and DeNB1 serve UEs from Operator A and Operator B.
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Figure 1 – share both RN and DeNB

The DeNB1 is preconfigured with the IP address of MMEs from Operator A and Operator B. The DeNB1 setup S1 interface with MME1 and MME2. There is no issue. 

· Only share RN

In following diagram, DeNB1 only serve UEs from Operator A. RN1 serves UEs from Operator A and Operator B. From the CN operators’ perspective, it just like a specific cell (i.e. RN) of that eNB is shared, but other cells of that eNB are not shared.
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Figure 2 – Only share RN

· S1 setup

· GWCN

The DeNB can setup S1 interface with the shared MME. The DeNB initiates the eNB Configuration Update procedure to update the TAI when the RN attach/detach the DeNB.

· MOCN

RN only has S1 interface with DeNB. In order to support the shared RN, DeNB needs to setup S1 interface with MMEs from both operators, even the DeNB itself is not shared. The DeNB1 is preconfigured with the IP address of MMEs from Operator A and Operator B. The DeNB1 setup S1 interface with MME1 and MME2. However, it is unclear how DeNB1 setup S1 interface with MME2, since the DeNB itself does not have any valid TAI for Operator B. If the DeNB setup S1 interface with MME2, but the S1 Setup Request does not contain a valid TAC+PLMN for MME2, MME2 will reject the S1 Setup according to current TS36.413. The possible solution is that DeNB1 only setup S1 interface with MME2 after RN1 setup S1 interface with DeNB1. A possible call flow is shown as below:
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Figure 3 – S1 setup between DeNB and MME

Step 2: When DeNB does not have a valid TAC+PLMN for MME2, MME2 reject the S1 Setup. This is currently defined as abnormal condition in S1 spec. 

Step 6: after the RN setup S1 with DeNB1, DeNB1 know the PLMN#2. So the DeNB1 re-initiates the S1 setup with MME2.

· MME determination

A non-shared eNB is not required to determine the MME based on the PLMN ID derived from the TAI IE of the INITIAL UE MESSAGE. We need to study what are the new requirements in the non-shared DeNB to support the shared RN. Since it is the RN broadcast the operators’ PLMN IDs and select the PLMN during the HO, so we only need to analyze the impact from Function 4.
· Attach/TAU without GUMMEI from UE: The RN does not have the NNSF, so it is the DeNB to select the MME for the UE.  The RN includes the UE selected PLMN in the TAI IE of the INITIAL UE MESSAGE, then the eNB selects the appropriate MME based on the PLMN ID. So this requires the non-shared DeNB to check the PLMN ID of the INITIAL UE MESSAGE to determine the MME. 
· Attach/TAU with GUMMEI from UE: The DeNB selects the MME based on the GUMMEI, if the DeNB connects to that MME. A straightforward eNB implementation is to have a  table providing the mapping of the GUMMEI to appropriate S1 interface towards the corresponding MME. This mapping table is built during the S1 setup procedure. This will be the same for the non-shared DeNB, even the mapping table for non-shared DeNB contains the MME information of another operator. When the DeNB does not connect to the MME as described by the GUMMEI, the DeNB selects the MME based on the TAI (refer to the previous bullet). 

Observation 1: The Rel-10 based mobile relay only requires small changes in DeNB to support sharing the RN only, but not the DeNB. The non-shared DeNB is to check the PLMN ID of the INITIAL UE MESSAGE to determine the MME.

· Only share DeNB

In following diagram, DeNB1 serves UEs from Operator A and Operator B. RN1 only serves UEs from Operator A.

[image: image4.emf]Shared MME

(Deployed by Operator A)

Operator A RN1

(PLMN#1; TAI#0)

Operator A DeNB1

(PLMN#1/#2; TAI#1)

MME1 

(PLMN#1/#2; TAI#0/ #1)

CN Operator A

CN Operator B

CN Operator A

Operator A RN1

(PLMN#1; TAI#0)

Operator A DeNB1

(PLMN#1/#2; TAI#1)

MME1 

(PLMN#1; TAI#0/#1)

CN Operator B

MME2

(PLMN#2; TAI#1)

GWCN MOCN


Figure 4 – Only share DeNB

The DeNB1 is preconfigured with the IP address of MMEs from Operator A and Operator B. The DeNB1 setup S1 interface with MME1 and MME2. The UEs connecting to RN1 is always served by MME1. There is no issue. 
4.2   Alt-1 based Mobile Relay

In Alt-1 based mobile relay, the RN and DeNB appears as separate entities to the CN operators. So it is up to the configuration in RN and DeNB to support various network sharing scenarios.
· Share both RN and DeNB
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Figure 5 – Share both RN and DeNB

Both RN1 and DeNB1 are configured with the IP address of MMEs from Operator A and Operator B. RN1 and DeNB1 setup S1 interface with MME1 and MME2 via separate procedures. DeNB1 is unaware of RN1 is shared. There is no issue. 
· Only share RN
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Figure 6 – Only share RN
RN1 is configured with the IP address of MMEs from Operator A and Operator B. RN1 setup S1 interface with MME1 and MME2. DeNB1 is only configured with the IP address of MMEs from Operator A. DeNB1 only setup S1 interface with MME1. DeNB1 is unaware of RN1 is shared. There is no issue. 
· Only share DeNB
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Figure 7 – Only share DeNB

DeNB1 is configured with the IP address of MMEs from Operator A and Operator B. DeNB1 setup S1 interface with MME1 and MME2. RN1 is only configured with the IP address of MMEs from Operator A. RN1 only setup S1 interface with MME1. DeNB1 is unaware of RN1 is not shared. There is no issue. 

Observation 2: The Alt-1 based mobile relay does not require any changes to support the network sharing.

5   Conclusion and Proposals
It is proposed to include Section 4 in the TR.
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