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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 latency of SCell setup delay (highlighted above) to find out where it would be possible to have improvements.
2
Use case for minimizing SCell usage delay
With today’s typical smart phone traffic profile with always on applications, there are packet calls every few minutes or so, mostly having only small amount of data (few hundred kilobytes). In LTE networks, the UEs are often frequently transitioned between RRC connected and IDLE states in-between the traffic activity. The reason for the network operating this way (instead of keeping UE in the connected mode for longer periods) is to drive down the UE power consumption. There is also the additional benefit of reduced HO signaling, compared to configuring UE with connected mode DRX and keeping the connection for longer time. However, when UE is moved to idle/inactive state to allow saving power, UE typically would not measure inter-frequency small cells, which creates a trade-off between fast reactivity and power saving.
Observation 1: UE is not monitoring SCells in RRC_IDLE to avoid excessive power consumption.
One obvious solution to accessing SCells fast to this is to keep the UE in RRC_CONNECTED. However, especially in small cell deployments, the SCells may become non-usable due to UE mobility, and frequent enough measurements are needed (as has been discussed e.g. during the Rel-11 Hetnet mobility WID), which increases UE power consumption. Hence, even if the UE’s connection is not released in-between the packet calls, the inter-site small cell configuration (i.e. CA, DC, LTE-NR tight interworking, multi-connectivity etc.) may need to be dropped to conserve UE power that would be spent on measuring the small cell(s). The scenario is illustrated in Figure 1.
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Figure 1. Illustration of the inter-site small cell scenario.

One of the main KPIs to any cellular system is low latency. E.g. for NR, according to TR 36.814 [2] and TR 38.913 [1], the target for control plane latency should be 10ms. For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. In addition, the target for mobility interruption time should be 0ms. This KPI is for both intra-frequency and inter-frequency mobility for intra-NR mobility, which means that the requirement on low latency and fast connectivity is a critical aspect of New Radio. Further, similar targets are considered for LTE in the HRLLC WID.
Observation 2: Low latency improves UE performance, and helps to utilize features that allow high spectral efficiency.

On the other hand, another KPI for cellular systems is the peak spectral efficiency, and to achieve higher spectral efficiencies, features like CA/DC need to be utilized in as efficient manner as possible. But as illustrated in Figure 2, one aspect that should be considered from the start is that the delays in getting the CA/DC set up can significantly limit the availability of these high data rates, as has been observed already in LTE (e.g. the SCell activation delays in LTE are creating a bottleneck for CA usage in some cases). Before the small cell is up and running, the UE tends to be served by a larger coverage macro cell that offers connectivity with good coverage but much more limited throughput and latency. Thus, as depicted in Figure 2, this can result in additional delay in resource utilization before the higher throughput can be used, which will directly affect the user experience as lower user perceived throughput.
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Figure 2. Illustration of the observed performance bottleneck. The delay in setting up the CA/DC and getting inter-frequency small cell activated means that UE is initially served only in macro cell with low throughput. This is not good for either the network (congested macro as offloading traffic is slow, underutilized small cells) or the user (lower throughput, longer E2E latency).
Observation 3: Delay in Scell activation may decrease UE performance and result in higher latency and lower throughput than could be expected.

3
Analysis of SCell setup delay 

3.1 
Current procedures for SCell setup

To illustrate the steps required for adding an SCell, the signalling procedures from the point when UE starts RRC connection to when data transmission can begin in a newly added Scell are depicted in Figure 3 below.
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Figure 3. Illustration of the signalling procedure for SCell addition during RRC connection establishment.

To better analyse the SCell setup delay, we need to consider the limitations for SCell setup in LTE. The current limitations can be summarized as follows:

· SCells cannot be configured in RRC_IDLE

· SCells can only be configured after security activation

· SCells are typically configured according to UE measurement results

· SCells are always configured in deactivated state

· SCell activation takes some time, especially if it’s done blindly (see TS36.133, section 7.7.for details – a summary is reproduced in Annex A for reference)

We consider each of these in the following subsections.
3.2 
SCell measurements in RRC_IDLE
CA doesn’t exist in RRC_IDLE, and while UE may be measuring multiple carriers, this is done based on the reselection priorities: UE attempts to find the highest priority frequency layer, and only measures lower frequency layers when the current frequency has insufficient coverage. Since the UE has no connection to the serving cell, it doesn’t always know which CA configuration (if any) it might have to measure.
Observation 4: UE doesn’t know the CA preferences of its serving cell while in RRC_IDLE. 
Therefore, to reduce the delay component coming from measurement unavailability at transition from IDLE to CONNECTED, UE would have to know which carriers to measure. Currently UE only sees the reselection priorities to guide its measurements for determining cell where to camp in IDLE mode.
3.3 
SCell configuration only after security activation
CA is only configured after security activation to avoid any security issues e.g. when fake eNBs would be intercepting the UE data transmission. Therefore, it doesn’t seem feasible to remove this restriction as even PCell data transmission only starts after security activation. The only optimization that could be considered here is the reduction of the procedure for security activation.
Observation 5: Reducing the time it takes to activate security helps also to reduce SCell setup delay.

However, this question is a more generic in nature: How much could RRC processing delays be improved? Doing such improvements would mean benefit to all RRC reconfiguration procedures.

3.4 
SCell configuration based on measurement results
To reduce the time needed to have SCell measurements ready, there are two choices: Faster measurement configuration or faster measurement reporting. For the former, as already indicated in section 3.2, UE may have some measurements available in RRC_IDLE, but without knowing which carriers to measure it is not possible to do energy-efficient measurements. For the latter, eNB has some control over e.g. TTT parameters to trigger faster measurement reports, but that will also create some “false alarms” so that too weak SCells may end up being added. 

Another alternative would be to use “blind” SCell addition, which is already possible today. But even if ‘blind’ configuration is used, UE still needs to measure and detect the cell before using it. However, blind SCell addition carries in the end the risk of having the SCell end up as unusable (i.e. UE cannot find the cell or synchronize to it), and tends to be inaccurate and cause more processing for both UE and eNB. Therefore, normal measurement procedures would be preferred.
Observation 6: Reducing the time taken for measurement configuration and inter-frequency reporting helps to reduce SCell setup delay.

Therefore, it seems most fruitful to consider if some reduction in the time for UE takes to measure the desired SCell frequencies. Reduction in both the measurement configuration time and UE measurement reporting time could be considered.
3.5 
SCells configured as deactivated and SCell activation time
At the introduction of CA in Rel-10, SCells were always added as deactivated. The only exception to this is that the PSCell in LTE DC is added as activated, but that is because the UE does random access towards it so both know that the cell is reachable based on the success of the RA procedure. 
Activating the SCells is done via MAC CE, which takes some time to transmit and some time at UE to process. The most obvious possible enhancement to this is allowing to configure activated SCells, as well as reducing the time it takes for UE to be ready with the activation.

Observation 7: Configuring SCells in activated mode can help to reduce SCell setup delay.

Observation 8: Reducing SCell activation delay would also reduce SCell setup delay.

However, the SCell activation delays are RAN4 responsibility, so RAN2 cannot alone decide to reduce them without RAN4 guidance.

Observation 9: Reducing SCell activation delay would require RAN4 work.

3.6 
Estimating the delay components for SCell setup
To better estimate which delay components would make most sense to optimize, we consider the relative duration of each to see which is the dominant factor in the SCell setup delay. This is shown in Figure 4 below.
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Figure 4. Illustration of the delay components for SCell addition

From Figure 4, we can observe that the most significant delay component to the overall SCell addition delay component is represented by the (inter-f) neighbour cell measurements. Of course, any reduction in the rest of the components will still decrease somewhat the overall delay. Reductions in other areas could still help but without improvements to measurement possible gains may not be very large.
Observation 10: The inter-frequency neighbour cell measurements present the largest potential delay for SCell addition.

Therefore, considering the above analysis, the simplest enhancements could be to reduce the time taken to report measurements, as well as the time taken to activate a configured SCell e.g. by having SCell to be activated immediately upon configuration.

Proposal 1: RAN2 to consider reduction in availability of inter-frequency measurements as a candidate mechanism for reducing SCell setup time.

Proposal 2: RAN2 to discuss the impacts of eNB configuring a SCell to be directly in active state at RRC reconfiguration. 

3
Conclusions
In this contribution, we have analysed the Scell setup delay and observed the following:
Observation 1: UE is not monitoring SCells in RRC_IDLE to avoid excessive power consumption.
Observation 2: Low latency improves UE performance, and helps to utilize features that allow high spectral efficiency.

Observation 3: Delay in Scell activation may decrease UE performance and result in higher latency and lower throughput than could be expected.

Observation 4: UE doesn’t know the CA preferences of its serving cell while in RRC_IDLE. 

Observation 5: Reducing the time it takes to activate security helps also to reduce SCell setup delay.

Observation 6: Reducing the time taken for measurement configuration and inter-frequency reporting helps to reduce SCell setup delay.

Observation 7: Configuring SCells in activated mode can help to reduce SCell setup delay.

Observation 8: Reducing SCell activation delay would also reduce SCell setup delay.

Observation 9: Reducing SCell activation delay would require RAN4 work.

Observation 10: The inter-frequency neighbour cell measurements present the largest potential delay for SCell addition.

Based on these, we propose the following:
Proposal 1: RAN2 to consider reduction in availability of inter-frequency measurements as a candidate mechanism for reducing SCell setup time.

Proposal 2: RAN2 to discuss the impacts of eNB configuring a SCell to be directly in active state at RRC reconfiguration. 
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