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1
Introduction
RAN3 has started the new SI “Study on further enhancements of small Cell high layer aspects for LTE” in RP-142283[1]. The scope of this study is to identify and evaluate the potential issues and solutions related to the increased signalling load in case of dense small cells deployment. During the RAN2 SI on “Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects”, increased signalling load due to RRC signalling was noted as one possible implication of having dense small cell deployments. In this document, we provide further analysis for reducing signalling load and TP for TR36.876.
2
Discussion

2.1
Motivation for reducing signalling load
Various mobility related enhancements have been included in recent releases to ensure robust mobility with low probability of radio link failures, handover failures, and ping-pongs, as well as efficient recovery from errors, and signalling of UE mobility information from UE to network upon transition from RRC_IDLE to RRC_CONNECTED (as the outcome of the HetNet Mobility WI [2]). Furthermore, basic mobility and cell management mechanisms for Dual Connectivity (DC) were standardized for Rel-12.
LTE mobility in RRC_CONNECTED has so far relied on full network control to guarantee best performance for the UE data transmission and reception. Only in e.g. recovery from RLF or in RRC_IDLE is UE allowed to select the serving cell. Since the mobility is fully network controlled, the network is actively involved in all handovers, and cell management changes such as SCell and PSCell in case of Carrier Aggregation (CA) or DC operation. All of these cell management actions incur overhead in terms of RRC and core network signalling, as well as network procedural actions for processing RRM measurements and making cell management decisions. The former is especially of relevance for HetNet and Small Cell scenarios where there are an increased number of handovers and cell management actions, as already shown during the study item for small cell higher layer enhancements and incorporated into the 3GPP TR 36.842 “Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects” (see e.g. section 5.2.3).
For CA scenario #4 with inter-site CA, it is well-known that the number of SCell management actions (SCell add, remove, change) for the small cells (remote radio heads) is dominant over PCell handover for the macro-layer. Similarly, for Rel-12 small cell scenario 2 with DC, the number of PSCell management actions for small cells is found to be dominant, while PCell management actions (and related overhead) for the macro-layer are less significant. 
To demonstrate the effects of the SCell management actions for CA scenario #4, examples of system level performance results in line with assumptions for Rel-12 DC studies are presented in the following. 
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Figure 1. Mobility events for a UE with CA / DC support

Figure 1 shows an example of the various PCell and SCell management actions that a UE may experience when following a certain trajectory. Traditionally, both PCell and (P)SCell management actions are network controlled, and UE assisted. This means that PCell mobility is controlled by the network based on UE RRM measurements, and similarly (P)SCell configuration/de-configuration is also network controlled (and based on UE measurement reports). 
We consider first the case with macro-layer operating at 2 GHz carrier and small cells at 3.5 GHz carrier. We assume that UEs have PCell on the macro layer, while (P)SCell can be configured on the small cell (i.e. pico cell) layer. The following assumptions (same as also used in the results included in the 3GPP TR 36.842) are used: 
· PCell handover at the macro-layer is assumed to be based on eNB receiving report of RSRP-based event A3.
· (P)SCell addition (configuration) and removal (de-configuration) are triggered by reception of eNB receiving report of RSRQ-based events A4 (neighbour becomes better than configured threshold) and A2 (serving cell becomes worse than configured threshold), respectively. 
· Intra-frequency (P)SCell change on the pico-layer is triggered by eNB receiving report of RSRP-based event A6 (signal level from another SCell candidate becomes a threshold better than current (P)SCell). 
Thus, whenever a handover, or (P)SCell addition/release, takes place, it also involves sending a RRC reconfiguration command to the UE. 
Figure 2 shows results for the number of mobility events per UE, per hour, for the case with Dual Connectivity (these same results as also included in 3GPP TR 36.842). Results are presented for the cases with either 2 or 10 randomly placed pico cells per macro cell area, and different UE speeds. UEs are free moving, meaning that each UE follows a trajectory with constant movement and direction through each simulation run. The number of events in Figure 2 is clearly dominated by (P)SCell related events (roughly 60%-80%). This is because a UE will naturally move across higher number of small cells (as compared to macro cells), and therefore experience more (P)SCell modifications than PCell changes. 
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Figure 2. Statistics for number of mobility events per UE per hour for case with free moving UEs.

Figure 3 shows similar statistics as in Figure 2, but these results are obtained for a scenario where picos placed in clusters, assuming either 4 or 10 picos placed randomly within a circular cluster with radius of 50 meters. Hotspot UEs are moving with 3 km/h in the cluster for this case. These assumptions for simulating cases with outdoor clustered small deployment cases are in line Rel-12 Small Cell Scenario 2a as defined in 3GPP TR 36.872. For such cluster cases, it is clearly observed from Figure 3 that the (P)SCell management operations are even more dominant – more than 90% of operations are (P)SCell related. This can be expected since UEs that are moving in a cluster of densely deployed picos naturally are much more likely to experience (P)SCell changes as compared to PCell handovers.
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Figure 3. Statistics for number of mobility events per UE per hour for case with clustered pico cell deployment.

From the results in Figure 2 and Figure 3 it is clear that the (P)SCell management actions are most frequently occurring events. Each (P)SCell management action typically involves:

· A UE sending measurement report of RRM measurement events in the uplink to indicate need for (P)SCell management action (causing RRC signalling overhead in UL).
· The eNB (MeNB) processing the received RRM measurement event and decides on the appropriate (P)SCell management action (involving eNB processing and inter-eNB signalling).
· The eNB (MeNB) sending RRC reconfiguration message to the UE to signal the (P)SCell management action (involving RRC signalling overhead in DL; e.g. configuration of new (P)SCell, (P)SCell change, or (P)SCell remove).
2.2
Solution: UE autonomous SCell mobility
This chapter describes the solution based on UE Autonomous SeNB Management Procedures for Dual Connectivity. However, the described solution can also be generalized to work with inter-site CA (i.e. CA scenario #4). 
2.2.1
General procedure
UE autonomous SeNB management procedures consist of steps where part of the X2 signalling is done in advance to prepare the candidate small cells with needed DC configuration. The list of candidate cells and related configurations of prepared cells are signalled to the UE using a single RRC Connection Reconfiguration message. Successfully configured UEs are informed to the candidate small cells. 
As a prerequisite to the following procedures, the UE has entered the MeNB, DC has been enabled with sufficient UE capability and autonomous (P)SCell management has been enabled for the UE and the SeNBs within the MeNB coverage. The UE performs the configured measurements according to a given measurement configuration. The SeNBs available for autonomous (P)SCell management are part of the measurement configuration but are not reported to the MeNB. Instead, autonomous SeNB addition is done after the UE measures a cell to meet the trigger event criteria (e.g. A4, neighbour becomes better than threshold). The UE immediately initiates the Random Access (RA) procedure towards the target SeNB. The SeNB indicates to the MeNB the UE ID and the MeNB sends an acknowledgement to the SeNB with Reconfiguration Complete. Finally the UE is acknowledged including the SCG-ConfigInfo.
UE autonomous SeNB change occur when the UE measures the target SeNB to meet the trigger event criteria (e.g. A6, signal level from another (P)SCell candidate becomes a threshold better than current (P)SCell) and initiates RA procedure towards the target SeNB. When Random Access Response (RAR) has been received from the target SeNB, the UE may inform the source SeNB about the SeNB change. The target SeNB indicates to the MeNB the UE ID. The MeNB sends an acknowledgement to the target SeNB and sends the SeNB Release Request to the source SeNB.
The SeNB release procedure is assumed to be the same as in legacy DC, though a UE autonomous procedure to stop connection with a certain SeNB while still maintaining the same SeNB configured could also be introduced.
The signalling steps are done according to 3GPP TS36.300, except the needed modifications for the UE autonomous procedures described above. Details are FFS.
2.2.2
Benefit
The presented statistics aims at assessing the potential signalling reductions that could be achieved by introducing UE autonomous Dual Connectivity operations. The assumption is that dense small cells are deployed in clusters. A further assumption is that each small cell is served by an individual eNB, such that a change in PSCell implies a change in the eNB that acts as the SeNB.
When applying UE autonomous DC operations it is assumed that a relevant group of small cells is prepared for a user entering that cluster. Relevance of preparing small cells for certain UEs may be optimized using network knowledge about the UE mobility state and HistoryInformation IE, for example. The RRC signaling reduction achieved with UE autonomous operations depends on the number of visited cells versus cells being prepared. For example, a user who spends some time inside the cluster causing frequent changes between pre-configured SeNBs will cause less RRC signaling as compared to using legacy DC operations. As an example, Figure 4 reports a simplified analysis of the RRC signaling reduction achieved with UE autonomous operations (AutoDC) in case a UE enters a cluster of small cells and visits N cells in the cluster (by performing N-1 PSCell changes) before leaving it.
Figure 5 reports the RRC signaling reduction observed when simulating a 3GPP macro-cell environment with one cluster of small cells per macro-cell area, assuming different small cell densities and free-moving UEs at speeds of 3 and 30 kmph. The RRC signaling reduction is calculated by counting the number of PSCell operations and corresponding RRC counts per pass through a cluster of small cells, and then by averaging over all passes.
Regarding X2 signaling, with autonomous PSCell management the number of X2 messages exchanged between MeNB and SeNB per DC operation is reduced. On the other hand, an overhead is introduced in order to prepare a certain amount of SeNBs for UE autonomous DC operations. Hence, X2 signalling overhead can either increase or decrease as compared to legacy DC depending on the specific deployment scenario and assumptions on the small cell density, etc. However, with dense small cell deployments and assuming the network may have some knowledge about the small cells a UE is likely going to visit once entering a specific cluster, autonomous DC operations are expected to provide gains also in terms of reduced X2 signalling.
[image: image4.wmf]SeNB#2

MeNB

UE

DC/CA

AutoDC

AutoDC

Config

SeNB#1

Add

3

4

3

1

Chg

SeNB#N

3

3

Rel

(N

-

1 

SeNB

changes

)

RRC

:

3(N+1)

N+6

meas

reconfig

complete

meas

reconfig

complete

complete

reconfig

complete

meas

complete

reconfig

complete

meas

reconfig

complete

meas

RA

RA

RRC signalling

N

Reduction

1

-

17%

2

11%

3

25%

4

33%

5

39%

6

43%

10

52%

8

67%


Figure 4. Theoretical RRC signalling reduction
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Figure 5. Simulated RRC signalling reduction
2.2.3
Conclusion
Pre-configuring UE with possible candidate (P)SCells and allowing autonomous selection of active (P)SCells offers the following benefits: 
	Benefit
	Reasoning

	Reduced RRC signalling overhead (primary benefit)
	25-50% reduction in RRC signaling overhead due to SeNB operations (depending on cluster size) and reduced interference

	Reduced latency for SCell changes (secondary benefit)
	UE autonomously selects the PSCells to use among suitable targets. Fewer RRC messages potentially also reduces latency. 

	Reduced X2 signalling overhead (secondary benefit)
	Number of X2 signalling messages per SeNB operation gets lower with increasing number of consecutive SeNB changes

	Distributed RRM operation (primary benefit)
	Allowing UEs to select the PSCells to be used reduces the RRM procedural complexity at the (M)eNB


If CA framework is extended to allow up to 32 carriers, the RRC signalling overhead is expected to increase, with the result of making network management more difficult. 
According to above described solution, it is beneficial to allow UEs partial to control over (PS)SCell changes. When entering a small cell cluster, the network could signal a list of candidate cells that the UE is allowed to autonomously add, remove and/or change. 
The gains of the feature depend on the number of visited cells in the cluster (N) – The theoretical gains of the feature are 25%-67%, whereas the gains observed in simulations are 25%-50%. These are shown in Figure 4 and Figure 5.
Considering the above results and reasoning, we see it beneficial to study further the solution to reduce the amount of signalling related to cell management.
Proposal 1: It is proposed to agree on UE autonomous (P)SCell management across configured cells as a potential solution for reducing signalling load in dense small deployments.
Proposal 2: It is proposed to agree on the TP for the TR36.876 [3] as provided in section 4.
3
Conclusions
After analysis and discussion on partially network controlled mobility as a solution for reducing signalling in dense small cell deployments, we propose RAN3 to agree on the following proposals: 
Proposal 1: It is proposed to agree on UE autonomous (P)SCell management across configured cells as a potential solution for reducing signalling load in dense small deployments.

Proposal 2: It is proposed to agree on the TP for the TR36.876 [3] as provided in section 4.

4
Text Proposal to TR36.876
Beginning of Text Proposal
4
Dense small cell scenarios
The dense deployment scenarios as described in TR 36.872 [3] are the reference for this study.
4.X
UE autonomous SCell mobility
This chapter describes the solution based on UE Autonomous SeNB Management Procedures for Dual Connectivity. However, the described solution can also be generalized to work with inter-site CA (i.e. CA scenario #4). 
4.X.1
General procedure
UE autonomous SeNB management procedures consist of steps where part of the X2 signalling is done in advance to prepare the candidate small cells with needed DC configuration. The list of candidate cells and related configurations of prepared cells are signalled to the UE using a single RRC Connection Reconfiguration message. Successfully configured UEs are informed to the candidate small cells. 
As a prerequisite to the following procedures, the UE has entered the MeNB, DC has been enabled with sufficient UE capability and autonomous (P)SCell management has been enabled for the UE and the SeNBs within the MeNB coverage. The UE performs the configured measurements according to a given measurement configuration. The SeNBs available for autonomous (P)SCell management are part of the measurement configuration but are not reported to the MeNB. Instead, autonomous SeNB addition is done after the UE measures a cell to meet the trigger event criteria (e.g. A4, neighbour becomes better than threshold). The UE immediately initiates the Random Access (RA) procedure towards the target SeNB. The SeNB indicates to the MeNB the UE ID and the MeNB sends an acknowledgement to the SeNB with Reconfiguration Complete. Finally the UE is acknowledged including the SCG-ConfigInfo.
UE autonomous SeNB change occur when the UE measures the target SeNB to meet the trigger event criteria (e.g. A6, signal level from another (P)SCell candidate becomes a threshold better than current (P)SCell) and initiates RA procedure towards the target SeNB. When Random Access Response (RAR) has been received from the target SeNB, the UE may inform the source SeNB about the SeNB change. The target SeNB indicates to the MeNB the UE ID. The MeNB sends an acknowledgement to the target SeNB and sends the SeNB Release Request to the source SeNB.

The SeNB release procedure is assumed to be the same as in legacy DC, though a UE autonomous procedure to stop connection with a certain SeNB while still maintaining the same SeNB configured could also be introduced.

The signalling steps are done according to 3GPP TS 36.300, except the needed modifications for the UE autonomous procedures described above. 
Note: The detailed procedure needs to be clarified and it is FFS.
4.X.2
Benefit
The presented statistics aims at assessing the potential signalling reductions that could be achieved by introducing UE autonomous Dual Connectivity operations. The assumption is that dense small cells are deployed in clusters. A further assumption is that each small cell is served by an individual eNB, such that a change in PSCell implies a change in the eNB that acts as the SeNB.
When applying UE autonomous DC operations it is assumed that a relevant group of small cells is prepared for a user entering that cluster. Relevance of preparing small cells for certain UEs may be optimized using network knowledge about the UE mobility state and HistoryInformation IE, for example. The RRC signaling reduction achieved with UE autonomous operations depends on the number of visited cells versus cells being prepared. For example, a user who spends some time inside the cluster causing frequent changes between pre-configured SeNBs will cause less RRC signaling as compared to using legacy DC operations. As an example, Figure 4.X.2-1 reports a simplified analysis of the RRC signaling reduction achieved with UE autonomous operations (AutoDC) in case a UE enters a cluster of small cells and visits N cells in the cluster (by performing N-1 PSCell changes) before leaving it.

Figure 4.X.2-2 reports the RRC signaling reduction observed when simulating a 3GPP macro-cell environment with one cluster of small cells per macro-cell area, assuming different small cell densities and free-moving UEs at speeds of 3 and 30 kmph. The RRC signaling reduction is calculated by counting the number of PSCell operations and corresponding RRC counts per pass through a cluster of small cells, and then by averaging over all passes.

Regarding X2 signaling, with autonomous PSCell management the number of X2 messages exchanged between MeNB and SeNB per DC operation is reduced. On the other hand, an overhead is introduced in order to prepare a certain amount of SeNBs for UE autonomous DC operations. Hence, X2 signalling overhead can either increase or decrease as compared to legacy DC depending on the specific deployment scenario and assumptions on the small cell density, etc. However, with dense small cell deployments and assuming the network may have some knowledge about the small cells a UE is likely going to visit once entering a specific cluster, autonomous DC operations are expected to provide gains also in terms of reduced X2 signalling.
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Figure 4.X.2-1: Theoretical RRC signalling reduction
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Figure 4.X.2-2: Simulated RRC signalling reduction
4.X.3
Conclusion
Pre-configuring UE with possible candidate (P)SCells and allowing autonomous selection of active (P)SCells offers the following benefits: 
	Benefit
	Reasoning

	Reduced RRC signalling overhead (primary benefit)
	25-50% reduction in RRC signaling overhead due to SeNB operations (depending on cluster size) and reduced interference

	Reduced latency for SCell changes (secondary benefit)
	UE autonomously selects the PSCells to use among suitable targets. Fewer RRC messages potentially also reduces latency. 

	Reduced X2 signalling overhead (secondary benefit)
	Number of X2 signalling messages per SeNB operation gets lower with increasing number of consecutive SeNB changes

	Distributed RRM operation (primary benefit)
	Allowing UEs to select the PSCells to be used reduces the RRM procedural complexity at the (M)eNB


If CA framework is extended to allow up to 32 carriers, the RRC signalling overhead is expected to increase, with the result of making network management more difficult. 
According to above described solution, it is beneficial to allow UEs partial to control over (PS)SCell changes. When entering a small cell cluster, the network could signal a list of candidate cells that the UE is allowed to autonomously add, remove and/or change. 
The gains of the feature depend on the number of visited cells in the cluster (N) – The theoretical gains of the feature are 25%-67%, whereas the gains observed in simulations are 25%-50%. These are shown in Figure 4.X.2-1 and Figure 4.X.2-2.
End of Text Proposal
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