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1. Introduction
According to the Study Item of further enhancements of small Cell high layer aspects for LTE established in RAN#66 meeting, we need to “Identify and evaluate the potential issues related to the increased signalling load in case of dense small cells deployment and if issues are identified, study potential solutions”

In [1], the target study scenarios have been analyzed. In this contribution, we focus on the potential issues related to the dense small cell deployment.
2.  Signalling Analysis

2.1 Comparison of signalling consumption among RATs

A comparison of different types of signalling among RATs from SGSN/MME point of view is provided in the Table 1. The calculation model is based on macro eNB.
Table 1. Comparison of different types of signalling of core network
	Traffic Parameter
	2G
	3G
	4G

	Attach per sub (subscriber) @ BH (Busy Hour)
	0.66
	0.2
	0.26

	Dedicated bearer(PDP) Active times per sub @ BH
	1.07
	0.66
	0

	Bearer(PDP) Modify times per sub @ BH
	0.01
	0.05
	1.6

	Service Request times per sub @ BH
	/
	8
	24

	Paging per sub @ BH
	2.21
	1.5
	11.6

	Average number of paged Macro eNodeB 
	　
	/
	100

	RAU/TAU per sub @ BH (Intra SGSN/ MME)
	2.13
	1.59
	0.87

	RAU/TAU per sub @ BH (Inter SGSN/ MME)
	0.62
	0.64
	0.02

	Handover per sub @ BH (Intra MME)
	/
	/
	6.8

	Handover per sub @ BH(Inter MME)
	/
	/
	0.61


  NOTE: The inactivity timer in 4G is set to 20s. The PCH is used in UMTS (1800s to idle).
From above table, it is shown that the number of signalling to core network is higher than 2/3G.

·    Paging：Directly facing eNB，S1 interface increase 770 times ( From Global traffic model：Paging  number per user during busy time of in LTE is 7.7 times higher than UMTS；LTE paging crossing over average 100eNodeB) 

·    Handover：Change from Inter-RNC handover to Inter eNB handover, cause 253 times increase.(Handover times per UMTS Sub @ BH = 0.02, Handover times per LTE Sub @ BH = 7.6)
·   Service Request: the number of service request is much higher than 2G/3G.

Observation 1: The signalling consumption in EPC is much higher than 2G /3G.
2.2 Signalling analysis for dense small cells in E-UTRAN
SCTP is applied for both S1 and X2 interface to achieve connection based reliable transmission. A large number of SCTP messages occupy a large amount of central processing unit (CPU) resource. If the system becomes congested, the small cell may not be able to process any additional service and it may cause the eNB or MME breakdown or discard some low priorities signalling.
Observation 2: A large number of SCTP messages occupy a large amount of central processing unit (CPU) resource.
2.2.1 UE-associated signalling load toward CN

As shown in the Table 2, the most UE-associated signalling is caused by service request and handover. The Table 3 shows the amount of signalling messages over the S1 interface for both connection setup and X2 handover. For connection setup, the following S1-AP messages are assumed: [3]

1.
Initial UE message (including Service Request)

2.
Initial Context Setup Request

3.
Initial Context Setup Response

4.
UE Context Release Request

5.
UE Context Release Command

6.
UE Context Release Complete

For X2 handover, the following S1-AP messages are assumed:

1.
Path Switch Request

2.
Path Switch Request ACK

Table 2: Comparison of S1 messages between idle-connected state transition and handovers[3]

	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


The total signalling about service request and handover is related with RRC inactivity timer as shown in the Table 2. However, the signalling load is increased over the interface toward the CN as the number of small cells is increased. When the signalling load reaches or exceeds the processing capability of small cell eNBs, the network stability is affected severely. Besides the signalling caused by handover, a more important issue is that the data forwarding occupies most bandwidth of the X2 interface (more than 90%) [4].
Observation 3: the UE associated signalling is increased as the number of small cells is increased which may reaches or exceed the processing capability of the nodes and limitation of backhaul.
There will be a question that in R12 SCE WI, dual connectivity solution had been provided to reduce the signalling load. However, the solution of dual connectivity can not resolve the issues for all the scenarios.

Firstly, only split-bearer (3C) architecture can reduce the signalling load issue due to frequent handover, which depends on solution of Dual connectivity. For 1A architecture, the issue still exists due to the path change information also visible to the MME through E-RAB modification procedure.

Secondly, for single connectivity UE, which dues to limited UE capability, e.g. single Rx/TX or legacy UE, eNB/backhaul capacity, or high system load, the problem is still there. 
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Figure 1 Single Rx/TX or non-CA capable UE in Small cell deployment with Macro cell coverage

Finally, solution of Dual connectivity can not be fulfilled in Scenario #3. Scenario #3 is the deployment scenario where only small cells on one or more carrier frequencies are connected via non-ideal backhaul, as shown in the below figure:
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Figure 2 Small Cell deployment without Macro cell coverage

Observation 4: UE associated signalling increases a lot when small cell number increases and the solution of dual connectivity cannot resolve the issue or cannot be fulfilled in the following case: 

· For 1A architecture (bearer type of SCG bearer), the issue still exists;

· For single connectivity UE, which dues to limited UE capability, e.g. single Rx/TX or non-CA capable UE, eNB/backhaul capacity, or high system load;

· Small cell deployment without Macro cell coverage.
2.2.2 Non-UE associated Signalling load 

Dense small eNB deployment will increase the number of S1 interface greatly, MME may need generate 100 times Non-UE associated messages in MME. e.g., paging, Warning Message, S1 interface management. Overloaded Non-UE specific Signalling (e.g., Paging) in MME can lower the paging capacity of the network and seriously impact paging performance for mobile-terminated normal user traffic, e.g. mobile-terminated.
Taking paging as example, a paging message will be sent to all eNBs in the TA List to page one terminal. The typical Macro eNBs /TA list planning is given in the Table 3.

	Table 3. eNodeB /TA List Planning References

	
	Average eNodeB in TA List 
	Maximum  eNodeB in TA List 

	South AISA 
	170
	213

	Middle EAST 
	292
	424

	India 
	74
	108

	EU 
	100~200 


Taking into account there could be 100 small cells in macro eNB, the number of small cells in TA list should be terrible. In this case, the signalling load on small cells may exceed the processing capability of small cells and MME. When the paging exceeds the processing capability of the small cell node or core network, user experience will be affected, KPIs will deteriorate, and even the network may break down.
Scenarios with more and more UEs e.g. M2M devices which will bring the huge challenge of the paging capacity of the MME and seriously impact paging performance for mobile-terminated normal user traffic [5] [6]. It is critical that paging optimizations be supported in the network. 

Another example is at the transport level, the one-to-one mapping between S1AP connection and SCTP association requires the MME to maintain SCTP state for each eNB which it shares an S1AP connection. As such, it brings the issue that the MME scaling to support a large number of small cell eNBs limited by the transport level state required.

On the other hand, the small cell eNB also needs to support multiple S1AP connection s, i.e., S1 flex, for efficient handover between a small cell eNB and neighbour macro eNBs. The one-to-one mapping between S1AP connection and SCTP association therefore requires the small cell to maintain SCTP state for each MME which it shares an S1AP connection. Thus, the small cell is demanded to be enhanced to handle the increased S1-AP signalling. However, in the commercialized network deployment, operators and vendors prefer to simplify the small cell eNB implementation and enable low cost devices, e.g. the number of paging message handling of a small is up to 100.

Observation 5: Non-UE associated signalling may increase 100 times in network, which will bring serious negative impact on normal user traffic, MME capability and small cell eNB.
3. Mobility Performance

In the dense small cell deployment, the UE may experience more frequent handover due to the number and radius of small cell.  And the interference between small cells is increased in case dense deployment, which is harmful for mobility robustness. The UEs on small cell layer move across cell boundary more frequently, which shall cause high possibility of handover failures as indicated in Figure 3[3]. When the small cells become denser, the handover failures become much higher, e.g., for 30km/h scenario, handover failure rate is 2 times in 20 cells case than in 10 cells case. And the failures rate is much higher if there is no macro coverage. 
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Figure 3: Handover failure rate without DRX (Figure 5.2.1-1 in TR 36.842[3])
RRC diversity was discussed as a potential solution for improving mobility robustness [3]. With RRC diversity, the handover related RRC signalling could additionally be transmitted from or to a potential target cell.  RLF could in this case be prevented as long as the UE is able to maintain a connection to at least one of the cells. This will eventually lead to a more successful handover performance (i.e. avoiding UE RRC re-establishment procedure). The RRC diversity scheme could also be applied for handovers from the macro to small cells, between macro or between small cells.
Observation 6: With the small cells become denser, the mobility performance is deteriorated.

4. Network Planning
The network planning may face the following challenges with dense small cell deployment:

· As cells get smaller, and as more small cells are packed into the same amount of space, the mobile user may see more diverse and stronger out-of-cell interference. 
· It is anticipated that in an unplanned/semi-planned deployment, RF environment around each small cell is different and dynamic. 
· Small Cells may be deployed without network planning and may use unlicensed spectrum (DFS/power management to satisfy the regulation).
Observation 7: The network planning faces challenges caused by dense deployment.
5. Conclusions
Observation 1: The signalling consumption in EPC is much higher than 2G /3G.

Observation 2: A large number of SCTP messages occupy a large amount of central processing unit (CPU) resource.

Observation 3: The UE associated signalling is increased as the number of small cells is increased which may reaches or exceed the processing capability of the nodes and limitation of backhaul.

Observation 4:  The UE associated signalling increases a lot when small cell number increases and the solution of dual connectivity cannot resolve the issue or cannot be fulfilled in the following case: 

· For 1A architecture (bearer type of SCG bearer), the issue still exists;

· For single connectivity UE, which dues to limited UE capability, e.g. single Rx/TX or non-CA capable UE, eNB/backhaul capacity, or high system load;

· Small cell deployment without Macro cell coverage.

Observation 5: Non-UE associated signalling may increase 100 times in network, which will bring serious negative impact on normal user traffic, MME capability and small cell eNB.
Observation 6: With the small cells become denser, the mobility performance is deteriorated.

Observation 7: The network planning faces challenges caused by dense deployment.

Based on above Observations, it is proposed:
Proposal: RAN3 is kindly requested to study enhancements to resolve the above issues and capture the identified issues into the TR.
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