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1   Introduction
A proposal [1], [2] for the selection of RN’s MME has been discussed in RAN2’s #70 meeting and RAN3’s #68 meeting.  In RAN2, no technical issues have been identified for this proposal, but some companies have requested additional time to consider it as a baseline.  In addition, inputs from RAN3 are sought for RAN2 to take further action on it.
In this contribution, we provide analysis of possible MME deployment scenarios and suitable solutions.
2   Discussion

2.1   Existing ways of MME selection

Currently, the MME selection function is located in the eNB to determine the MME association of the UE, either based on the UE’s temporary identifier, or when such information is unavailable, based on a random selection among a pool of MMEs according to their weight factors. If the UE’s temporary identifier is provided to the eNB during RRC connection establishment, the UE’s temporary identifier may either be its S-TMSI (e.g. at service request) or the GUMMEI of its “Registered MME” (e.g. at attach or tracking area update in non-registered tracking area). 

2.2   Possible MME deployment and upgrade scenarios
Most functions of RN’s MME are performed during the RN startup, Un RLF recovery, and Un bearer management. We notice the former two events are very rare. Furthermore, it is very likely that the Un bearers are pre-established during the RN startup procedure or at least during the early minutes when the RN goes into operation, after which there is not much dynamic Un bearer setup or tear-down as UEs enter or leave the RN.  Even the modification of Un bearers does not happen very frequently or dynamically.  Therefore, the work load of an RN’s MME for operating each RN is very low.  In addition, the total number of RNs in the field is much smaller than that of regular UEs. Therefore, the total work load of a RN’s MME is not high at all. Load balancing between RN’s MMEs may not be necessary since the number of active RNs is not as dynamic as the number of active UEs.  In summary, there is no requirement or strong incentive, at least at the initial phase of RN deployment, to deploy a lot of special MMEs or to upgrade all legacy MMEs so as to support RN functionality.  Thus, we envision two likely deployment scenarios:

· Scenario I: the network, either initially or permanently, has only a few MMEs that support RN functionality.

· Scenario II: the network upgrades most or all MMEs to support RN functionality. 

We see that Scenario II may happen in an advanced stage of a relay network that initially still follows Scenario I.

3   Summary of the proposed solutions
In general, we propose that the RN’s MME selection function is still located in the DeNB to determine the MME association of the RN-UE, still either based on the RN-UE’s temporary identifier, or when such information is unavailable, based on a random selection among a pool of MMEs according to their weight factors.  For the purpose of RN’s MME selection, only RN-UE’s “Registered MME” may be used as the RN-UE’s temporary identifier, since we don’t want to take the function of GUTI assignment away from the MME when the RN-UE has not registered in a tracking area.  The details of the proposed solutions are provided in the following sub-sections.
3.1   Proposed Solution 1 for Scenario I 
First, an RN is pre-configured, e.g. via local or remote OAM, with the intended DeNB information and the GUMMEI of the preferred RN MME during the installation.  If multiple DeNBs are listed, each DeNB may be pre-configured with an associated preferred RN MME. 
Then during the RRC connection establishment, the RN provides the pre-configured MME information that is associated with the selected DeNB.  E.g. it includes the GUMMEI of the pre-configured MME that is associated with the selected DeNB in the RegisteredMME IE in the RRCConnectionSetupComplete message.  

Finally, the DeNB selects the MME indicated in the RegisteredMME IE as the serving MME for the RN.
3.2   Proposed Solution 2 for Scenario II

As all or the majority of MMEs support RN functionality in this scenario, the DeNB can randomly select MME using the weight factors as in Rel8/9.  There is no need to pre-configure the RegisteredMME information in Solution 2 for Scenario II. If it turns out that a wrong MME (i.e. one that does not support relay) is selected, the MME may release the context of the RN (as a UE), e.g. with a cause of load balancing TAU required, or the RN-UE may initiate the Detach procedure.  Then the RN may proceed with the TAU procedure for the former case or the Attach procedure for later case. Eventually the DeNB should succeed in selecting the correct MME without undue trial-and-errors, as all or the majority of MMEs support relay in this scenario.  
4   Benefits of the proposed solution
4.1   No signaling changes
The proposed Solution 1 for Scenario I and Solution 2 for Scenario II do not introduce any new signaling or any signaling changes. The operator may determine which way to follow based on whether most deployed MMEs within the area support RN functionality or not. The exact choice or threshold for making a choice is a decision for the operator to make.
4.2   Facilitation of inter-vendor interoperability
In the proposed Solution 1 for Scenario I, although the RN’s MME is preconfigured, this configuration information is indicated by the RRCConnectionSetupComplete message.  This RRC message is well defined in Rel8/9 for both UE and eNB.  Therefore, it facilitates inter-vendor interoperability, i.e. an RN from a vendor A can use this approach and its UE personality to work well with a DeNB from a vendor B. 
The proposed Solution 2 for Scenario II is another well defined mechanism in Rel8/9.  No issue is foreseen for inter-vendor interoperability.
5   Drawbacks of an alternative solution

An alternative solution has been proposed to have the RN indicating that it is an RN by using a new RRC establishment cause value.  Thus, the DeNB may select an MME accordingly. This solution may require that the DeNB knows which MME supports relay if only some of them support RNs at the beginning. As there is currently no S1AP message to indicate such a capability to an eNB, either a new S1AP message or new IE in an existing S1AP message is needed, or alternatively some proprietary means can be used.  The later would not work as well as the proposed Solutions 1 and 2 in terms of inter-vendor interoperability purpose.  The former requires additional standardization efforts.  
6   Conclusion
In this contribution, we provided an analysis of possible MME deployment scenarios and the suitable solutions. We conclude that:
Conclusion 1: Both proposed Solution 1 for Scenario I and Solution 2 for Scenario II introduce no new signalling or signalling changes.
Conclusion 2: The proposed Solution 1 is more suitable when a small fraction of total MMEs support RN functionality, which is a highly likely scenario, at least at the initial phase of RN deployment.
Conclusion 3: The proposed Solution 2 is more suitable when all or the majority of MMEs support RN functionality, which is a likely scenario at the advanced phase of RN deployment.
Thus we propose:

Proposal: RAN2 to use Rel-8/9 procedures (Solutions 1 and 2) to address the issue of RN’s MME selection. The exact choice or threshold for making a choice is an implementation issue.
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