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1   Introduction
During RAN3#75 meeting and the email discussion, there are several possible solutions for mobile relay. This paper analyses several points about these solutions, including:

· PDN connection maintenance
· UE data transmission latency

· UE security context maintenance
· RN Mobility in Alt4

· Bearer Mapping in Alt4

· Can we avoid the MAC/RRC spec change in Alt4?
2   Discussion

2.1   PDN connection maintenance
It was mentioned discussed during email discussion [2] that:

Note: The Relay-GW/PGW/SGW may be changed for routing optimization purpose, where applicable. The change of Relay-GW/PGW/SGW is independent of the RN mobility procedure and may be performed after HO completes.
And it was clarified that this Relay-GW/PGW/SGW change (relocation/redirection) be needed in all the solutions except dual RN solution, according to TS23.401, section 4.3.15:
As a result of UE mobility (e.g. detected by the MME at TAU or SGSN at RAU or movement from GERAN), the target MME may wish to redirect a PDN connection towards a different GW that is more appropriate for the UE's current location, e.g. MME may know whether the UE's new location is served by the same GW as the old one. When the MME decides upon the need for GW relocation, the MME deactivates the impacted PDN connections indicating "reactivation requested" as specified in clause 5.10.3. If all of the PDN connections for the UE need to be relocated, the MME may initiate the "explicit detach with reattach required" procedure as specified in clause 5.3.8.3.

NOTE:
If either of the above procedures for GW relocation are initiated while the UE has active applications, it may cause disruption of services that are affected if the IP address changes.

There are many UEs served by the RN. Therefore, the RN_UE must have active applications, based on TS23.401, the services of RN_UE will be disrupted, and all the served UEs’ experience will be impacted which is not preferred.
Observation 1: except dual RN solution, the possible “RN Relay-GW/PGW/SGW change (redirection/relocation) in other solutions will impact the UE experience which is not preferred.

2.2   UE data transmission latency
On the other hand, if the RN Relay-GW/PGW/SGW change is not introduced, or only introduced in case RN is very far from the original DeNB, it means all the UE’s data need be transmitted back to the original RN’s S/P GW, which is very far from the current DeNB, it will increase the packet transmission latency a lot, for some latency sensitivity services, e.g. VOIP, game, etc, the delay should be considered.
Observation 2: except dual RN solution, the “long UE data transmission latency” in Alt1 and other Alt2 based solutions should be considered.
2.3   UE security context maintains
In case the train moves very far from the original base station, the new DeNB probably not able to connect with the original MME of the UE, in this case, if the HO is not transparent to UE, the UE can trigger TAU, then the new MME of the UE will ask for the UE security context from the original MME of the UE. 

In dual RN solution, the UEs can know the ECGI change or aware of the HO, hence the procedure above is still workable.
In alt1, the RN HO is transparent to the UE in both the RAN and core network, in case there is no PGW redirection/relocation, the UEs will connect to the same MME via RN’s S/PGW, and then the procedure is not relevant. But in case there is PGW change, if the new PGW cannot connect to the original MMEs of the UEs, it is FFS how to maintain the UE security context.
Observation 3: In case the HO/ECGI change is transparent to the UE in both the RAN and core network, it is FFS how to maintain the UE security context in the MMEs.
2.4   RN Mobility in Alt4
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Figure1: Illustration of RN mobility in Alt4
In the Alt4, the RN’s S/PGW outside of DeNB is mainly used for OAM connection. All the UE data will be transmitted between UE’s S/PGW and the DeNB directly, without going through RN’s S/PGW.

In this architecture, when Mobile Relay performs handover from source eNB to target eNB, the RN’s S/PGW will not be changed, 

During RN HO, the UE context of the served UEs will be transferred to the target DeNB. It is easily to do it because there is proxy function in each DeNB. The proxy function are almost the same with Rel-10 Relay, including X2/S1 AP ID mapping, TNL address mapping, etc.
Observation 4: Because the RN’s S/PGW is outside of DeNB, the Alt4 can support RN mobility easily. The UE’s data will be transmitted between UE’s S/PGW and the DeNB directly, without going through RN’s S/PGW. Hence, the “long UE data transmission latency” issue will not happen.

2.5    Bearer Mapping in Alt4

Due to the proxy functionality in DeNB, the Alt4 can perform one to one mapping, i.e. each EPS bearer of a UE connected to the RN is mapped to separate radio bearers over the Un interface. In this case, the LCID extension is needed over MAC layer.
On the other hand, as it was clarified during RAN2 online discussion in Rel-9, Alt4 can also perform the same bearer mapping as Alt2, i.e. N to one mapping. 
Observation 5: Due to the proxy functionality in DeNB, Alt4 can support both one to one mapping and N to one mapping.
2.6   Can we avoid the MAC/RRC spec change in Alt4?

As discussed in Rel-9, the IP/SCTP/GTP/UDP layer over Un interface are redundant for routing over air interface. Hence Alt4 optimizes the protocol stack, i.e. by carrying the S1AP & X2 AP over RRC. As this signalling can then be carried by SRB, the overhead is also reduced to the minimum size. 

In Rel-10, the PDCP layer has already been enhanced to support the integrity protection for the DRBs which carries the S1/X2/OAM signalling. So if the additional overhead is tolerable, we can keep the IP/SCTP/GTP/UDP layer over Un interface. And as analysed above, the MAC layer impact can also be avoided by using N to one bearer mapping mode.
Then the protocol stack will be the same for Alt2, as shown in the figure2 below:
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(a) Control plane protocol stack                                                 (b) User plane protocol stack
Figure2: Updated Alt4 protocol stack

The difference between it and Rel-10 Relay are:

· The RN’s S/PGW is outside of DeNB
· UE’s data will be transmitted between UE’s S/PGW and the DeNB directly, without go through RN’s S/PGW.
Observation 6: Alt4 can be updated to avoid the MAC/RRC spec impact.
3   Conclusion / Proposals
In this contribution, we analyses several points of the mobile relay solutions, and get the observations below:

Observation 1: except dual RN solution, the possible “RN Relay-GW/PGW/SGW change (redirection/relocation) in other solutions will impact the UE experience which is not preferred.
Observation 2: except dual RN solution, the “long UE data transmission latency” in Alt1 and other Alt2 based solutions should be considered.
Observation 3: In case the HO/ECGI change is transparent to the UE in both the RAN and core network, it is FFS how to maintain the UE security context in the MMEs.
Observation 4: Because the RN’s S/PGW is outside of DeNB, the Alt4 can support RN mobility easily. The UE’s data will be transmitted between UE’s S/PGW and the DeNB directly, without going through RN’s S/PGW. Hence, the “long UE data transmission latency” issue will not happen.
Observation 5: Due to the proxy functionality in DeNB, Alt4 can support both one to one mapping and N to one mapping.
Observation 6: Alt4 can be updated to avoid the MAC/RRC spec impact.
4   
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