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Discussion and Decision
1. Introduction
It was agreed in RAN2#82 meeting that a mechanism to cope with the increase of signalling due to cell change traffic should be considered for all three small cell deployment scenarios. Further, RAN2 also agreed in RAN2#81bis that there will be single S1-MME termination in MeNB. This termination may help reduce the CN signalling load during dual connectivity. User plane traffic is still under discussions.
Above agreements apply to all Small Cell Enhancement scenarios (Scenario#1, #2 and #3); however, very little discussion has taken place specifically for scenario #3. This paper looks into signalling reduction towards the CN in scenario 3 and proposes to use small cell gateway to terminate handover signalling in order to reduce CN signalling load. 
2. Discussion
Since there is no macro coverage in scenario #3 deployments, it is reasonable to assume that dual connectivity involving simultaneous radio connection to macro cell and small cell does not apply to scenario #3. 

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
Small cells may or may not have a direct X2 interface in a cluster like deployment and handovers could be S1 based. Every S1 based handover requires exchange of the following messages with the Core network [1]:
· 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
· S1: Handover Notify

· S1: UE Context Release Command

· S1: UE Context Release Complete

MME signaling load for every handover pertains to handling of 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 is incurred for every X2 based handover as it needs to handle 2 messages and this will also require  GTP tunnel to be switched from the source to the target. 
Observation 1: MME signaling load is due to handling of 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 at the gateway node (hereinafter called 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. 

[image: image1]
Figure 1. Example of handover procedure with small cell-GW
In the absence of 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. This does not bring in new requirement or specification impacts to eNB or MME.
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. This does not bring in new requirement or specification impacts to eNB or MME.
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 2: RAN2 and RAN3 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 and RAN3 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.
--------------proposed text to 36.842v0.2.0
5.3.2
Increased signalling load (e.g., to CN) due to frequent handover
This section analyses the increased signalling load due to small cell deployments without the macro cell coverage [12]. Table 5.3.2-1 shows the statistics of number of mobility events per UE per minute. The simulation is conducted according to the mobility parameter of Set 1 and others in [4]. For Scenario #3, the number of mobility events is about 4 times higher than that of a macro only network. From this result, the following is observed:

-
A mechanism to cope with the increase of signalling due to cell change traffic should be considered for Scenario #3 as well as Scenario #1 and #2.

Table 5.3.2-1: Statistics for number of Mobility events per UE per minutes in Scenario #3
	Deployment
	HOs / min, 30 km/h
	HOs / min, 3 km/h

	Macro-Only
	3.5
	1.0

	Scenario #3: 10 small cells/Macro site (single channel)
	14.5
	4.3


Small cells may or may not have a direct X2 interface in a cluster like deployment and handovers could be S1 based. Every S1 based handover requires exchange of the following messages 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

· S1: Handover Notify

· S1: UE Context Release Command

· S1: UE Context Release Complete

MME signaling load for every handover pertains to handling of 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 is incurred for every X2 based handover as it needs to handle 2 messages and this will also require GTP tunnel to be switched from the source to the target. 
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