3GPP TSG RAN3 Meeting #87
R3-150165
Athens, Greece, 9-13th Feb 2015
Agenda item:


19.1
Source:


NEC Corporation
Title:
Study on the further enhancement of small cell high layer aspect
Document for:


Discussion and Decision

1. Introduction
RANP#66 agreed the study on further enhancement of small cell high layer aspects for LTE with the objective [1]:
	The study shall be conducted on the following aspect:
· 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 (RAN3) 
The study on the handling of increased signalling load due to frequent handover within Rel-12 Small Cell Enhancement-High layer SI (captured in TR36.842) can be a reference for this study.  
The dense deployment scenarios discussed in SCE physical layer SI/WI in Rel-12(captured in TR36.872) can be a reference for this study. 

For each potential feasible enhancement, the complexity and specification impact should be assessed



In this contribution we look into the work done so far in different working groups for different small cell deployment scenarios for handover signalling reduction and propose that increased CN signalling load due to UE associated and non-UE associated procedures shall be studied further. 
2. Discussion
2.1 Small cell deployment scenarios
Three scenarios are described in the TR 36.872 [Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects: led by RAN1] as below:
	Scenario 1: 
Both macro and small cell are operating on the same frequency in an overlaid network
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	Scenario 2a: 
Macro and small cell are deployed on different frequency in an overlaid network, small cell deployment is outdoor
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	Scenario 2b: 
Macro and small cell are deployed on different frequency in an overlaid network, small cell deployment is indoor
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	Scenario 3: 
Small cells are deployed in no macro coverage
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Proposal 1: Capture above table in the TR.

It was observed  and captured in TR 36.842[Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects: led by RAN2] that due to increased number of small cells in the network, the number of handovers will increase for a UE resulting in increased signalling compared to a macro only network. 
In general, handover signalling involves signalling over RRC, X2 (for X2 handover) and S1 interfaces. Any changes to Uu signalling should be avoided and reduction of RRC signalling is not in the scope of Rel-13 SI [1]. 
Reducing signalling over X2 due to frequent X2 based handovers is not a known problem and was not studied during the Rel-12 study item phase [3]. TR 36.842 captured only increased signalling load towards the core network as one of the challenges to solve. Therefore CN signalling overload was identified as a problem in all the three deployment scenarios mentioned above. 
2.2 Small cell scenarios and reduction of CN signalling load

2.2.1 UE associated signalling load
Scenario 2 (2a and 2b) was identified as the scenario to be further worked for the Dual Connectivity which has been finished in Rel-12.  It has been confirmed that Dual connectivity between macro and small cell will solve the increased CN signalling load due to increased handovers because mobility anchor, terminating S1-MME and RRC signalling connection for the UE, resides in the macro cell and hinders UE mobility between small cells from the core network (TR36.842 Chapter 5.2.3).
Scenario 1 and Scenario 3 were not identified as the scenarios to be further worked for Dual Connectivity. Nevertheless, the increasing of signalling load to the CN due to frequent handover were identified for these two scenarios (chapter 5.1.3 and chapter 5.3.2 of TR36.842) as well. 

It is therefore observed that, when dual connectivity is not able to apply (e.g. for scenario 1 and 3 as discussed above),  reduction of increased signalling load towards Core network due to frequent handovers in scenario 1 and 3 shall be studied further.
Mobility anchor was identified as an alternative solution to dual connectivity and captured in [3] as below:

	A mobility anchor solution is proposed with the intention to reduce/hide signalling load towards Core Network by hiding subsequent mobility involving SeNBs. Such a mobility anchor would be independent of the dual connectivity solution and could also be applied in case of limited UE capability (single Rx/TX), eNB/backhaul capacity, and high system load.

The evaluation of the benefits and network impact of such solution has not been completed in this study. 
This solution was thought to fall into responsibility of RAN3 as no Uu impact is foreseen.


We therefore propose that:
Proposal 2: Reduction of increased signalling load towards Core network due to frequent handovers in scenarios that dual connectivity is not applied (e.g. small cell scenario 1 and 3 as in TR36.824, 36.827; scenario 2 when dual connectivity is not configured) shall be studied further. 

2.2.2 Non-UE associated signalling load
Another aspect identified in [1] is to study the signalling load reduction due to non-UE associated procedures over S1 interface. MME will have to support increased number of S1 interface connections due to dense small cell deployments. One of the non-UE associated procedure is paging which may impact MME capacity to handle the signalling load in dense small cell deployments.

Paging for a UE is performed typically in a tracking area (TA) or a list of tracking areas. TA is configured based on the geographical area and number of eNBs located in that area. Traditionally, if the size of a TA is too big covering a large area and large number of eNBs, then it will result paging messages being broadcasted over the air in a large area. This will result in wastage of scarce radio resources. If the size of TA is too small then UE associated signalling over S1 interface due to e.g. TA update will increase. So a trade-off is generally configured by the operator in selecting an appropriate size of a TA. 

With dense small cell deployment, UEs may be concentrated in a small area and even with in smaller size TAs,   paging signalling originating to/from MME is still increased. A bigger TA size however will also result in wastage of radio resources. Hence, selection of appropriate TA size cannot solve the signalling problem and solution cannot be left to operator’s dimensioning and configuration of TAs. 

Similarly, increased signalling due to other non-UE associated procedures like RESET and OVERLOAD START/STOP etc. shall be studied

Proposal 3: RAN3 to study the problem with the increased non-UE associated signalling in dense small cell deployment.

3. Conclusion
We propose RAN3 to discuss and agree on following proposals:

Proposal 1: Capture above table in the TR.

Proposal 2: Reduction of increased signalling load towards Core network due to frequent handovers in scenarios that dual connectivity is not applied (e.g. small cell scenario 1 and 3 as in TR36.824, 36.827; scenario 2 when dual connectivity is not configured) shall be studied further.
Proposal 3: RAN3 to study the problem with the increased non-UE associated signalling in dense small cell deployment.
We prepared the proposed text to the TR based on these proposals as below.
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Proposed Text
Three scenarios are described in the TR 36.872 [Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects: led by RAN1] as below:
	Scenario 1: 
Both macro and small cell are operating on the same frequency in an overlaid network
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	Scenario 2a: 
Macro and small cell are deployed on different frequency in an overlaid network, small cell deployment is outdoor
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	Scenario 2b: 
Macro and small cell are deployed on different frequency in an overlaid network, small cell deployment is indoor
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	Scenario 3: 
Small cells are deployed in no macro coverage
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Study item challenges

1. UE associated signalling load

Due to increased number of small cells in the network, the number of handovers will increase for a UE resulting in increased signalling compared to a macro only network. Handover signalling involves signalling over RRC, X2 (for X2 handover) and S1 interfaces. 

Any changes to Uu signalling should be avoided and reduction of RRC signalling is not in the scope of Rel-13 SI [x1 RP-142283]. Reducing signalling over X2 due to frequent X2 based handovers is not a known problem and was not studied during the Rel-12 study item phase [x3 TR36.842]. TR 36.842 captured only increased signalling load towards the core network as one of the challenges to solve. Therefore CN signalling overload was identified as a problem in all the three deployment scenarios mentioned above.

Reduction of increased signalling load towards Core network due to frequent handovers in scenarios that dual connectivity is not applied (e.g. small cell scenario 1 and 3 as in TR36.824, 36.827; scenario 2 when dual connectivity is not configured) shall be studied further

2. Non-UE associated signalling load

Another aspect identified in the study item description is to study the signalling load reduction due to non-UE associated procedures like paging, Reset, Overload etc. over the S1 interface. 

Paging for a UE is typically performed in a tracking area (TA) or a list of tracking areas. TA is configured based on the geographical area and number of eNBs located in that area. Traditionally, if the size of a TA is too big covering a large area and large number of eNBs, then it will result paging messages being broadcasted over the air in a large area. This will result in wastage of scarce radio resources. If the size of TA is too small then UE associated signalling over S1 interface due to e.g. TA update will increase. So a trade-off is generally configured by the operator in selecting an appropriate size of a TA. 

With dense small cell deployment, UEs may be concentrated in a small area and even with  in smaller size TAs paging signalling originating from MME is still increased. A bigger TA size however will also result in wastage of radio resources. 

Hence, selection of appropriate TA size cannot solve the paging signalling problem and solution cannot be left to operator’s dimensioning and configuration of TAs. Similarly, increased signalling due to other non-UE associated procedures like RESET and OVERLOAD START/STOP etc. shall be studied

