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Discussion and Decision
1. Introduction
CN signalling load in scenario 3 is currently listed as one of the challenges in the TR and preliminary simulation results submitted to RAN2#81bis meeting pointed that mobility between Pico cells could form a major share of number of handovers in the system [3, 4]. There is further attempt to calculate the number of handover increase between heterogeneous network and macro only deployment [5]. However, it is not clear if results could be reused in scenario 3. 

This paper looks into signalling reduction towards the CN challenge in scenario 3 and proposes to discuss the solutions further. 
2. Discussion
Since there is no macro coverage in scenario #3 deployments, it is safer to assume that dual connectivity involving simultaneous radio connection to macro cell and small cell does not apply to scenario #3 and this should be captured in the TR. 

Proposal 1: Dual connectivity whereby UE has simultaneous radio connection to macro cell and small cell does not apply to scenario #3.

CN signaling load
RAN2#81bis agreed that any new solution should not result in excessive increase of signalling load towards the CN. However, additional signalling and user plane traffic load caused by small cell enhancements should also be taken into account.

Small cells may or may not have direct X2 interface in a cluster like deployment and handovers could be S1 based handovers. Every S1 based handover requires following messages exchanged with the Core network:
· S1: HO Required to MME
· S1: HO Request to another small cell
· S1: HO Request Ack from small cell to MME
· S1: HO Command from MME to small cell
· Handover Notify

· UE Context Release Command

· UE Context Release Complete

MME signaling load for every handover is to handle at least 7 messages and S-GW is required to switch the GTP tunnel from source small cell to target small cell. In case X2 interface exists between small cells, still MME signaling load for every X2 based handover is to handle 2 messages and this will also ensure that GTP tunnel is switched from source to target. However, for X2 based HO, a comparison with Idle to connected signaling should be studied further for different traffic types as highlighted in [6].
Observation 1: MME signaling load is to handle 7 messages per S1 handover and 2 messages per X2 handover in addition to switching the path. Due to small transmit power of small cells, increased number of handovers between small cells will create increased signaling load towards CN.

One such approach to reduce signaling towards core network could be to terminate handover related signaling in the small cell-GW. As described in the Figure 1 below, small cell-GW should be able to generate handover signaling related messages. 
There are few other procedures where some handling in the gateway becomes necessary if there is no signaling towards the CN during handovers. We looked at different procedures in TS36.413 and found that there should be mechanisms to at-least handle security context at handover, partial rejection of bearers, and handling of location information for UEs moving under small cells. 
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Figure 1.
In the absence of no signaling exchange with CN during or after handover, the security context is not updated between MME and small cell-GW after UE moves from one small cell to another small cell. We think that security context update can be relaxed for few hops and use horizontal derivation. After few hops, future handovers shall be terminated in the CN and so on. This does not bring any new requirement on the UEs and MME will assume UE has not moved further.

Observation 2: Handover signaling can be terminated in a gateway node resulting in no signaling towards the CN and no new impacts to UEs. Security aspects should be studied further.

The scenario where target cell could not admit all the bearers from the source side and there is no signaling involved with the CN results in partial rejection at handover. In this case, gateway could inform the MME. Similarly, location information might need to be reported back to MME and in this case as well GW could inform MME. Further, data forwarding between source and target could take place via the gateway.
Observation 3: Handling of partial rejection and location information should be studied further.

We have provided our analysis for CN signaling due to frequent handovers and then how to minimize it by terminating the handover signaling in the gateway. We therefore propose that:
Proposal 3: RAN2 to study CN signaling reduction in scenario 3 and capture amount of signaling generated in case of S1 and X2 handover in the TR. It should further discuss security and partial rejection scenarios.
3. Conclusion

In this contribution, we discussed the challenging issues for scenario 3 and reached the following proposals and observations:
Proposal 1: Dual connectivity whereby UE has simultaneous radio connection to macro cell and small cell does not apply to scenario #3.
Observation 1: MME signaling load is to handle 7 messages per S1 handover and 2 messages per X2 handover. Due to small transmit power of small cells, increased number of handovers between small cells will create increased signaling load towards CN.

Observation 2: Handover signaling can be terminated in a gateway node resulting in no signaling towards the Core Network and no new impacts to UEs. Security aspects should be studied further.

Observation 3: Handling of partial rejection and location information should be studied further.

Proposal 2: RAN2 to study CN signaling reduction in scenario 3 and capture amount of signaling generated in case of S1 and X2 handover in the TR. It should further discuss security and partial rejection scenarios.
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