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1
Introduction
The euCA WID lists the following as its objectives:

	The objective of this work item is to investigate and develop enhancements to

· Reduced delays in Scell set-up, including shorter Scell configuration delay after UE moves from idle to connected by addressing the following aspects:

· Measurements on Scell candidates (e.g. network assistance in identifying Scell candidate carriers, and best effort UE measurements for Scell candidates),

· Measurement reporting (e.g. utilize UE’s earlier idle mode measurements for configuring Scell),

· Scell configurations and activations (e.g. the network could immediately configure Scell for CA without additional measurements when UE’s earlier idle mode measurements are available for setting up Scell)

· Reduced Scell configuration and activation signaling overhead

· Consider optimizations related to UE mobility and carrier switching in licensed and unlicensed deployment using LAA and configurations of multiple Scells.
The focus of the enhancements is especially on small cell deployment scenarios and when practical Carrier Aggregation (CA) support is extended beyond 5 carriers (up to 32 carriers). The CA enhancements developed in this work item aim to be applicable for traditional CA deployments and CA including LAA and DC deployment scenarios.


In this contribution, we analyse the signalling overhead for SCell configuration (highlighted above) to find out where it would be possible to have improvements.
2
Signalling overhead for SCell configuration
Currently, the configuration for each SCell is signalled separately, since it has been assumed that the configuration of each cell is very different, even if all cells reside in the same eNB. The RRC structure is such that the SCells are added one at a time, and all the radio parameters for one SCelll are separated into their own structures: There is no one “common Scell configuration” that applies for all SCells, and a “delta configuration” that would be applied in case the individual SCells parameters differ from the common configuration. Annex A also shows some further ASN.1 examples.
Observation 1: SCell configuration is always done one SCell at a time, with no common parts for any of the SCells. The RRC signalling load of SCell configuration is N*SCellToAddMod, where N is the number of Scells.
From RAN3 perspective, this matters mostly to DC operation: SeNB may have to confer large SCell configuration over X2, which also increases the X2 signalling load by the number of SCells in the MCG (from MeNB to SeNB) and SCG (from SeNB to MeNB).
Observation 2: The DC configuration requires transferring MCG and SCG SCell configurations over X2.

However, currently the DC configurations are transferred in RRC containers, so there is little RAN3 impact, but depending on RAN2 decisions, some impacts could still appear.

3
SCell changes and handover with SCell configuration 
SCell management also incurs some signalling overhead over both Uu and X2. Especially in small cell scenarios, e.g. CA scenario #4 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  REF _Ref415757793 \h  \* MERGEFORMAT 
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. 
Observation 3: (P)SCell management actions require both Uu and X2 signalling.

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 REF _Ref383173563 \h  \* MERGEFORMAT 
 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. (Note that the “SCell Change” in the figure means “SCell Add + SCell removal” at the same time, i.e. SCell replacement. The numbers for those are not counted to the “SCell Add” or the “SCell removal” parts at all.)
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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).
Observation 4: (P)SCell management actions may cause significant signalling load over both Uu and X2.

Note that the same discussion happened in RAN3 during the SI “Further enhancements of small cell higher layer aspects for LTE” (see RP-142283 and TR36.876), with the discussion on the signalling load being visible in e.g. the R3-150596 and R3-150983. The conclusion from the RAN3 study was that there could be some X2 signalling benefits, RAN2 impacts prevented standardizing anything. However, with the RAN2 WID, these aspects could also be considered in this WID.
Proposal 1: RAN3 to investigate signalling overhead reduction for (P)SCell management actions.
4
Conclusions
We have discussed the signalling overhead reduction for SCell configuration over Uu and X2, and observed the following:

Observation 1: SCell configuration is always done one SCell at a time, with no common parts for any of the SCells. The RRC signalling load of SCell configuration is N*SCellToAddMod, where N is the number of Scells.

Observation 2: The DC configuration requires transferring MCG and SCG SCell configurations over X2.

Observation 3: (P)SCell management actions require both Uu and X2 signalling.

Observation 4: (P)SCell management actions may cause significant signalling load over both Uu and X2.

Based on these, we have proposed:
Proposal 1: RAN3 to investigate signalling overhead reduction for (P)SCell management actions.
