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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 nodes, and backhaul / radio resources to conduct the actual message transfer.

Proposal 1: The total signalling including service request and handover is increased with increasing small cell.

Signalling reduction for handover 

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. 
Observation 1: The shorter RRC inactivity timer, the smaller ratio of handover signalling to the total signalling.
The split bearer option of Dual Connectivity is a good solution to reduce the signalling to core network. And the ‘Mobility anchor’ as a popular solution was discussed several time for single connectivity UE. The mobility anchor could be depicted as the Figure 1.

The mobility anchor includes two basic functions:

·    S1-C proxy. The S1-C proxy has been supported for relay, i.e. there is single S1 interface between small cell and mobility anchor, and there is one interface between mobility anchor and MME. The mobility anchor may determine to terminate the Path Switch Request procedure in the anchor and may process and forward other types procedures to MME. Forwarding Path Switch Request procedure to MME is needed some times, e.g. to get the new security key context {NH, NCC}, however,  when to forward the Path Switch request procedure to MME could depend on implementation. 
·    S1-U GW. There is a GTP tunnel associated with each UE EPS bearer, spanning from the S-GW associated with the UE to the mobility anchor, which is switched to another GTP tunnel in the mobility anchor, going from the mobility anchor to the small cell.
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Figure 1: Brief Structure of Mobility Anchor

The S1-C proxy and S1-U GW are implemented within mobility anchor inside completely and then the mobility anchor is already possible during implementation.

Observation 2: The Mobility Anchor is already possible based on existing standard.
Based on above observations, the Proposal 2 is made:

Proposal 2: The increasing S1 handover signalling could be avoided by implementation based on existing standard.

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) 
The signalling reduction could have some benefits to reduce both RRC and S1 signalling. However, these aspects have much impact on RAN2 and the standardization should be discussed in RAN or RAN2.
Proposal 3: Signalling reduction for service request could have some benefits, but it needs to be discussed in RAN or RAN2.
3. Conclusions
Proposal 1: The total signalling including service request and handover is increased with increasing small cell.

Observation 1: The shorter RRC inactivity timer, the smaller ratio of handover signalling to the total signalling.

Observation 2: The Mobility Anchor is already possible based on existing standard.

Proposal 2: The increasing S1 handover signalling could be avoided by implementation based on existing standard.

Proposal 3: Signalling reduction for service request could have some benefits, but it needs to be discussed in RAN or RAN2.
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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
The description of increasing signalling load with dense small cell is provided in the Annex A.
5.x.1
Signalling Reduction for Handover

As shown in the Table 5.x.1-1(from TR 36.842 [x]) 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. 
Table 5.x.1-1: 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 5.x.1-1, setting an appropriate value of RRC inactivity timer could reduce the handover signalling efficiently during implementation.
The split bearer option of Dual Connectivity is a good solution to reduce the handover signalling to core network. And the ‘Mobility anchor’ as a popular solution was discussed several times for single connectivity UE. The mobility anchor could be depicted as the Figure 1.
The mobility anchor includes two basic functions:

·    S1-C proxy. The S1-C proxy has been supported for relay, i.e. there is single S1 interface between small cell and mobility anchor, and there is one interface between mobility anchor and MME. The mobility anchor may determine to terminate the Path Switch Request procedure in the anchor and may process and forward other types procedures to MME. Forwarding Path Switch Request procedure to MME is needed some times, e.g. to get the new security key context {NH, NCC}, however,  when to forward the Path Switch Request procedure to MME could depend on implementation. 

·    S1-U GW. There is a GTP tunnel associated with each UE EPS bearer, spanning from the S-GW associated with the UE to the mobility anchor, which is switched to another GTP tunnel in the mobility anchor, going from the mobility anchor to the small cell.
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Figure 5.x.1-1: Brief Structure of Mobility Anchor

The S1-C proxy and S1-U GW are implemented within mobility anchor inside completely and then the mobility anchor is already possible during implementation.

Mobility anchor could be an efficient solution to reduce handover signalling to core network, however, mobility anchor is already possible based on existing standardization.

Based on above analysis, the handover signalling could be reduced efficiently during implementation by existing solutions without any further standardization. 
5.x.2
Signalling Reduction for Service Request
Increasing of control signalling load due to service request requires [R3-150312]:

-
Radio resources to conduct the actual message transfer;
-
Processing resources in the affected network nodes.
Possible solutions are also mentioned in [R3-150312]. 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) .
The signalling reduction for service request could have some benefits to reduce both RRC and S1 signalling in some scenarios, e.g. for eMTC. However, these aspects have much impact on RAN2 and the standardization should be discussed in RAN or RAN2.

5.x.3
Conclusion

With increasing number of small cells, the total signalling including handover and service request is increasing. 
-
Some existing solutions could be used to reduce the signalling due to handover, e.g. setting an appropriate value of RRC inactivity timer or mobility anchor. These solutions are already possible during implementation and thus no further standardized solution is needed. If some issues are identified as that can not be solved by implementation in the future denser network, the issues could be discussed later.
-
Signalling reduction for service request could have benefits in some scenarios, e.g. for eMTC. However the solution has much impact on RAN2 which needs to discuss in RAN or RAN2.
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