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1. Introduction
In this paper, the potential issues related to the increasing UE associated signalling load in case of dense small cells deployment are discussed for the SI [1].

2. Discussion

In RAN3#87bis meeting, a comparison of different types of UE associated signalling was agreed in the Annex of TR 36.876. It was concluded that the main UE associated signalling towards to core network is caused by service request and handover. 
Table 1: Comparison of S1 messages between service requests and handovers [2]

	Scheme
	Number of S1 messages 

due to connection setup

(per UE per hour)
	Number of S1 messages due to handover

(per UE per hour)

	
	
	Mobility Rate (cell changes per minute per UE)

	
	
	0.1
	0.3
	1
	3
	10

	Full use of RRC_CONNECTED
	0
	12
	36
	120
	360
	1200

	RRC Release timer = 5s
	384
	1.2
	3.6
	12.2
	37.0
	124.0

	RRC Release timer = 10s
	318
	2.0
	6.6
	21.8
	64.6
	218.0


As shown in the Table 1 [2], with increasing number of small cells (i.e. cell changes per minute per UE in the table), the number of handovers is increased. As a result, the total of signalling for both service requests and handovers is increased in the future network which will have a large impact on the network, e.g. on processing resources in the affected network noted, and backhaul / radio resources to conduct the actual message transfer.

Proposal 1: The total  signalling is increased with increasing small cell.

Table 1 shows how much dominant the handover signalling load to the CN is to the total signalling load in the E-UTRAN depends on the RRC inactivity timer. If the network releases RRC connection by setting the RRC inactivity timer to be shorter, the share of handover signalling to the CN can be reduced to be small as compared to connection setup up signalling. The longer timer results in the opposite. For example, if the RRC inactivity timer is set to be infinite (full use of RRC_CONNECTED), the number of S1 messages due to connection setup is zero. 
Proposal 2: The ratio of signalling caused by service request and handover depends on the RRC inactivity timer setting.

Signalling reduction for handover 
The split bearer option of Dual Connectivity is a good solution to reduce the signalling to core network. However, dual connectivity cannot be used for single connectivity UE, but some operations from dual connectivity can be reused in order to minimize UE context transfer and signalling to the CN. As shown in the Figure 1(b), for the single connectivity UE, the small cell is configured as the serving cell and the macro cell plays the role as the mobility anchor:

· UE connects the small cell only;
· MeNB maintains the UE context information and terminates the S1interface;

· When UE switches the radio connection from one small cell to another, the MeNB does not change;
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Figure 1: Possible network architecture for both dual connectivity and single connectivity capable UEs

In order to reuse and keep compatibility with dual connectivity, the split bearer function could be reused as much as possible, e.g. the PDCP layer could be located in macro cell as shown in the Figure 2.
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Figure 2: Possible protocol for single connectivity UEs
Figure 3 describes the signalling procedure. When UE is moving from small cell 1 to small cell 2, the handover procedure could be modelled as intra-eNB/inter-cell handover, and the user plane endpoint is always maintained in the macro eNB, hence there’s no need to inform MME to update the user plane endpoint for this UE. In this way the legacy path switch procedure between small cell eNB and MME could be saved to reduce signalling impact to CN during mobility procedures for single connectivity UE.
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Figure 3: signalling procedure to hide UE mobility from CN

Proposal 3: RAN3 to consider macro eNB as mobility anchor solution to minimize handover signalling to the CN.
Signalling reduction for service request 

Increasing of control signalling load due to service request requires [3]:
· Radio resources to conduct the actual message transfer

· Processing resources in the affected network nodes

Possible solutions are also mentioned in [3]. Reduction of signalling and processing load by 

· Re-use of information from the previous RRC connection for the subsequent RRC connection setup. 

· Store and re-use previous RRC connection related information (Uu related), e.g. AS Security Context, DRB-id etc.

· Store and re-use previous  S1-MME UE association (S1AP)

· Store and re-use previous S1-U bearer context related information (S1-U) 
Proposal 4: RAN3 to discuss the signalling load issue due to service request.
3. Conclusions
Proposal 1: The total signalling is increased with increasing small cell.
Proposal 2: The ratio of signalling caused by service request and handover depends on the RRC inactivity timer setting.

Proposal 3: RAN3 to consider macro eNB as mobility anchor solution to minimize handover signalling to the CN.
Proposal 4: RAN3 to discuss the signalling load issue due to service request.
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Annex
5
Challenges in Dense Small Cell Deployment

This clause describes the identified challenges in the dense small cell deployment as descried in section 4.
5.x
Increased UE associated signalling load
TR 36.932 [5] recommends to minimize signalling load (e.g., caused by mobility to the CN as well as increase of backhaul traffic due to increasing number of small cell nodes).

Table 5.X-1 shows S1 signalling figures cause by different types of signalling traffic within a macro LTE network with the inactivity timer set to 20 seconds. It can be seen that the main UE associated signalling towards core network is caused by service request and handover.

Table 5.X-1. S1 signalling traffic (according to R3-150538 [6]).
	Traffic Parameter
	Signalling number per busy hour per subscriber

	Attach
	0.26

	Dedicated bearer(PDP) Active times
	0

	Bearer(PDP) Modify times
	1.6

	Service Request times
	24

	Paging 
	11.6

	TAU (Intra MME)
	0.87

	TAU(Inter MME)
	0.02

	Handover (Intra MME)
	6.8

	Handover(Inter MME)
	0.61


With increasing number of small cells, the total signalling for both service requests and handovers is increased in the future network which will have a sufficient impact on the network, e.g. on processing resources in the affected network noted, and backhaul / radio resources to conduct the actual message transfer.
6

Potential solutions
This clause describes the potential solutions to realize the challenges described in clause 5.

6.X
Solution 1: Handover signalling reduction
As shown in the Figure 6.X-1, for the single connectivity UE, the small cell is configured as the serving cell and the macro cell plays the role as the mobility anchor:

- 
UE connects the small cell only;

-
Macro eNB maintains the UE context information and terminates the S1interface;

-
When UE switches the radio connection from one small cell to another, the macro eNB does not change.
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Figure 6.X-1. Solution for handover signalling reduction
6.Y
Solution 2: Signalling reduction on service request
Reduction of signaling and processing load caused by service request by: 
 -
Re-use of information from the previous RRC connection for the subsequent RRC connection setup. 

-
Store and re-use previous RRC connection related information (Uu related), e.g. AS Security Context, DRB-id etc.

-
Store and re-use previous S1-MME UE association (S1AP).
-
Store and re-use previous S1-U bearer context related information (S1-U) .
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