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1
Introduction

In the RAN3 #69 meeting, there were several proposals dealing with neighbor cell handling and HO type [1][2][3] and during the discussion several issues were identified ‎[4], in this contribution we focus on the following:

· Whether DeNB needs to tell the RN the selected MMEs for the UE

· Whether DeNB needs to tell the RN the GU Group ID of the neighboring eNBs

In this contribution, these issues are discussed one by one, and recommendations are given to resolve them. 

Other issues identified in [4] are discussed in ‎[7]. 
2
RN’s awareness of the MMEs of relayed UEs

In ‎[5]

 REF _Ref273533193 \r \h 
‎[6], the issue of GU group ID mismatch during handover was raised. The problem of GU group ID mismatch and S1/X2 HO type decision arises because the MME serving a UE is hidden from the RN, we illustrate the problem further with the help of Figure 1.
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Figure 1 Example deployment scenario illustrating the problem with GU group ID (taken from ‎[6]).
In the scenario depicted in the figure, the DeNB connects to MME pool #1 and MME pool #2. The neighboring eNB2 connects only to MME pool #2. When the UE attaches to RN1, the DeNB performs MME selection. The DeNB could choose MMEs from MME Pool #1, or pool #2, since both pools support the Tracking Area #12. Assume MME pool #1 and #2 were selected for UE1 and UE2, respectively. So X2 handover to eNB2 will succeed if UE2 is concerned, but only S1 handover will work in the case of UE1. 

The RN doesn't know the actual MME pool that is serving its UEs, and thus can’t correctly decide whether to initiate S1 or X2 handover. If it blindly assumes X2 handover is possible and tries that first, a handover preparation failure will result for the users in a similar situation as UE1. If UEs are evenly served by both MME pools, then on average, 50% of the X2 handover requests to eNB2 could fail ‎[6]. That means, on 50% of the cases we might end up using valuable (radio and core network) resources for sending an X2 handover request that will not succeed and have to fall back to S1 handover causing additional delay as well.  And on the other hand, if we use only S1 handover, though the handover will always succeed, we will lose the performance improvement that would have been gained by using X2 handover (in cases like UE2 where it was possible). 
At first look it seems that we maybe able to solve the ambiguity problem just described if we assign only one MME pool to all the relayed UEs, and the DeNB communicates that information to the RN. This for example could be achieved by reporting only the GU Group ID of the chosen MME pool in the initial X2 configuration of the RN instead of all the GU Group IDs supported by the DeNB. Though this solves the ambiguity issue of outbound handovers from the RN, it will create a problem in inbound handovers (which didn't exist when we don’t have the one MME pool per RN limitation). This is because the neighbor node will be expecting that the DeNB (which is just a cell under the DeNB from its point of view) supports all the MME pools that were indicated by the GU Group IDs included during the initial X2 setup with the DeNB. For example, going back to Figure 1, if we limit the RN1s MME pool to MME pool #1, then eNB2 will end up making the mistake of assuming that X2 HO is possible towards the DeNB cell since it has received the GU Group IDs of MME pool #1 and #2 during the X2 setup with the DeNB.

Thus, we have to enable the RN with the information regarding the MME used by the UEs. This could be achieved by including an IE that indicates the GUMMEI of the selected MME in the Initial Context Setup Request S1 message that is sent from the MME to the eNB (which is forwarded from the DeNB to the RN in the relaying case, as the DeNB acts like the MME for the RN). 
Proposal 1: The DeNB to communicate to the RN the GUMMEI of the MME selected for each relayed UE.

Proposal 2: RAN3 to decide to include an IE that indicates the GUMMEI of the selected MME in the Initial Context Setup Request S1 message sent from the DeNB to the RN. 

3
RN’s awareness of the GU Group ID of neighbors

If the RN knows the GUMMEI of the MME selected for its UE, as proposed above, it is straightforward that it will be aware of the MME pool as the GUMMEI includes the GU Group ID. However, this information will be useless in the HO type determination in the RN and solving the ambiguity problem described at the beginning of the previous section if it doesn't know the MME pools supported by the neighbor node. This is because, in order to decide for X2 HO, the RN has to check if the MME pool used by its UE belongs in the MME pools supported by the neighbor. 

Proposal 3: The RN has to be informed about the supported MME pools (i.e. the GU Group ID list) of the neighbor.
This can easily be achieved by using the eNB configuration update X2 message. When an X2 is established between the DeNB and a target node on behalf of the RN (as described in detail in [7]) the DeNB gets an X2 setup response from the target that contains the information regarding the served cells of the target as well as the supported MME pools. The DeNB can then construct an eNB configuration update message, including all the served cells of the target in the served cells to add IE, as well as the GU Group ID list of the target in the GU Group Id To Add List IE. When the RN receives this eNB configuration update message, it will know that the message is referring to the target, even though the TNL address of the message is that of the DeNB, as the cells included contain the eNB ID of the target. If the DeNB has already an X2 established between the DeNB and target before the ANR between the RN and the target is formed, the DeNB also will have information about the target (from the X2 setup response during the initial X2 establishment between the DeNB and the target, as well as any additional eNB configuration update that it might have received after that). Thus, it can forward the up to date information regarding the target’s cells as well as supported MME pools using an eNB configuration update message. If the target later on sends an eNB configuration update that signifies a change in the supported MME pools, the DeNB can transparently pass this eNB configuration info towards the RN.

Proposal 4: The DeNB to use an eNB configuration update message to forward to the RN the GU group ID list of all the MME pools supported by the neighbor. 
There have been some proposals such as in [8] where the DeNB reports to the RN all the cells of its neighbors as its own served cells during initial X2 setup to reduce the signaling overhead for neighbor discovery. However, doing so will create ambiguity, because the RN will not be able to tell to if the GU Group ID list included in the message is referring to the DeNB or some of the other nodes whose cells are included in the composite served cell list. Thus, to guarantee that there will be no ambiguity regarding to which eNB the GU Group ID list is referring to, we have to ensure the eNB configuration update or X2 setup messages used to communicate the neighbor info contains information only about the neighbor node.

Proposal 5: eNB configuration update messages to contain information regarding only one node when used to forward to the RN the availability of X2 between the DeNB and the neighbor eNB and the GU Group ID list of the neighbor eNB.
4
Conclusions

In this contribution we have discussed whether the DeNB needs to tell the RN the selected MMEs for the UEs and whether the DeNB needs to tell the RN the GU Group ID of the neighboring eNBs. Our proposal are:
Proposal 1: The DeNB to communicate to the RN the GUMMEI of the MME selected for each relayed UE.

Proposal 2: RAN3 to decide to include an IE that indicates the GUMMEI of the selected MME in the Initial Context Setup Request S1 message sent from the DeNB to the RN. 

Proposal 3: The RN has to be informed about the supported MME pools (i.e. the GU Group ID list) of the neighbor.

Proposal 4: The DeNB to use an eNB configuration update message to forward to the RN the GU group ID list of all the MME pools supported by the neighbor. 
Proposal 5: eNB configuration update messages to contain information regarding only one node when used to forward to the RN the availability of X2 between the DeNB and the neighbor eNB and the GU Group ID list of the neighbor eNB.
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