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1 Objective of WI
The WI includes the following objectives [1]:
	· 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 signalling 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.



2 Background
In Rel-10, Carrier Aggregation was introduced to support 5 CA (1 PCell + up to 4 SCells), Rel-12 introduced Dual Connectivity to allow CA between 2 eNBs and Rel-13 introduced 32 Carrier Aggregation (1 PCell + up to 31 SCells). Current CA procedures are based on Rel-10 CA design and is summarized below. 

· UE indicates CA Capabilities via RRC “UE Capability Information” 

· During UE RRC_CONNECTED State, based on eNB CA capability, using RRC Connection Reconfiguration Message, UE will be configured with “SCell Configuration” (with or without SCell Measurement reports from UE, as eNB implementation choice)

· Upon UE SCell Configuration, SCell remains in Deactivated State (by default)

· Based on UE SCell Measurement Reporting and Data Buffer Thresholds (as eNB implementation based), eNB uses MAC-CE Commands for SCell Activation 

· When UE SCell activation (via MAC-CE) is received in subframe (SF) “n”, UE shall be able to complete following SCell actions by SF n+24 or n+34:
· CSI (CQI/PMI/RI) reports

· PDCCH monitoring on SCell

· UL SRS transmissions

· PDSCH reception/PUSCH transmission

· While UE is in RRC_CONNECTED State, after SCell is configured and activated, a common CDRX mechanism is applicable for both PCell and Active SCells. During CDRX ON period, UE monitors PDCCH for both PCell and Active SCells.

· When DL SCell deactivation (via MAC-CE) is received in SF n, UE shall stop the following SCell actions no later than n+8: 

· Stop normal SCell operation:

· UL SRS transmissions

· CSI (CQI/PMI/RI) reporting

· PDCCH monitoring on/for the SCell

· PDSCH reception / PUSCH transmission
· Stop the SCellDeactivation timer
Rel-10 based CA High Level State Machine Operation is shown below:
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3  Discussion

Based on above description and state diagram, SCell MAC-CE Activation timeline is shown below:
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In the above timeline, the time duration when the UE transitions from RRC_IDLE to RRC_CONNECTED State through UE Initiated RRC Connection Setup Procedure is not shown. When UE is in RRC_CONNECTED State, based on eNB implementation, eNB configures UE with SCell Measurement Objects and Reporting Configuration. UE performs SCell measurements and sends Measurement Reports based on the configuration. Based on Measurement Reports, eNB decides which SCell(s) to be configured through RRC Connection Reconfiguration procedure. Once UE SCell is configured, typically eNBs requests UE SCell Measurement Reports to make decision of activating the SCell through MAC-CE Procedure. 

Measurement-based SCell Configuration and measurement-based MAC-CE Activation involves significant latency and prevents eNB from quick SCell addition and activation to offload bursty traffic efficiently to licensed or unlicensed SCells.

Observation 1. When UE enters RRC_CONNECTED state, measurement configuration from eNB followed by UE  performing the measurements and reporting mechanism increases latency of Scell configuration and activation.
One way to improve effective utilization of SCells (i.e., to enable quick scheduling on SCell for quick Bursty Data Offload) is to reduce latency of SCell Measurement and reporting while configuring and activation of SCells when UE transitions from RRC_IDLE to CONNECTED State.
In order to reduce latency of CA SCell Measurement Reporting after UE entering into RRC_CONNECTED state, it is essential to allow CA UE to perform RRC_IDLE mode measurements of potential SCells Bands & EARFCNs. To facilitate such potential SCell EARFCN measurements, eNB should broadcast LTE carrier frequencies and Bands supported by eNB.
Proposal 1.  For the purpose of UE IDLE mode measurements, eNB supported channels (EARFCNs, Bands etc.) is broadcasted in a SIB.

Based on UE capability of CA bands, UE can perform potential SCell(s) measurements during RRC_IDLE mode using legacy RRC_IDLE mode measurement procedures. 

When UE is transitioning from RRC_IDLE to RRC_CONNCTED mode through RRC Connection Setup, Reestablishment or Resume procedure, UE can indicate availability of Idle Mode Measurements for potential UE supported CA SCells.
Proposal 2. Indicate UE IDLE mode measurement report availability of potential SCell bands for CA operation during RRC Connection Setup, Reestablishment or Resume procedure.
Upon entering into RRC_CONNECTED mode , UE can send the measurement report to assist eNB to make quick decision about which bands and channels can be configured as SCell(s) for this UE. 
Proposal 3. Enable UE to send IDLE mode measurement report of the potential SCell(s) soon after UE enters RRC_CONNECTED mode. 

How to enable the UE to send the measurement reports soon can be discussed further. In our opinion, there can be two ways: 

a) UE is allowed to autonomously send the reports. For this to work, it should be further discussed how the UL resources are allocated.

b) Alternatively, based on the UE indication of Idle mode measurement availability during RRC Connection Setup, Reestablishment or Resume procedure, eNB can provide UL grant and request UE to send the reports.
We believe that the second option is more straightforward and involves less standardization impact.

Proposal 4. Upon indication of UE IDLE mode measurement availability, eNB provides UL grant to the UE for sending the Measurement reports.  

Since the IDLE mode measurements performed by the UE can be somewhat “stale”, it is beneficial for the network to know about the staleness. Therefore, the measurement reports should indicate when the measurements were done (e.g. by including a time stamp or “staleness”).

Proposal 5. IDLE mode measurement report includes indication of when the UE performed the measurements.

According to current specification, UE can perform measurements before AS security context is in place, but can send the reports only after AS security context is established (or resumed). As waiting for AS security context to be established (or resumed) before sending the UE measurements may be time consuming, in order to speed up IDLE mode measurement reporting during RRC Connection Setup procedure, RAN2 should consider solutions enabling sending the reports before AS security context is in place.  In order to protect the measurement reports, the NAS security context can be used to either directly protect the measurement reports or derive a security context for protecting the measurement reports. The exact details are FFS.
Proposal 6. RAN2 to discuss possibility of using NAS security context for encrypting IDLE mode measurement reports or derive a security context for protecting measurement reports  for quick reporting during RRC Connection setup, reestablishment or resume procedure before AS security is established or resumed. Details FFS pending further discussion with SA3 and CT1. 

Proposal 7. Send LS to SA3 and CT1 asking for impacts and possibility of early reporting of IDLE mode measurements and using NAS key for IDLE mode measurement reports.

After successful SCell configuration, UE considers configured SCells in deactivated state. 

If the IDLE mode measurement reports are not too old (stale), eNB may use these measurement reports to activate SCells through MAC-CE procedure. If reported measurements are too old, eNB can decide to configure SCell Measurement Reporting Configuration again; and legacy procedure applies.
1. Conclusion
In this contribution, we discussed various mechanisms and proposals to enable UE IDLE mode measurement and quick reporting to assist eNB with quick SCell configuration and activation procedure. 

Observation 1.
When UE enters RRC_CONNECTED state, measurement configuration from eNB followed by UE  performing the measurements and reporting mechanism increases latency of Scell configuration and activation.

 
 Based on the observations and discussions, we propose:

Proposal 1.
For the purpose of UE IDLE mode measurements, eNB supported channels (EARFCNs, Bands etc.) is broadcasted in a SIB.

Proposal 2.
Indicate UE IDLE mode measurement report availability of potential SCell bands for CA operation during RRC Connection Setup, Reestablishment or Resume procedure.

Proposal 3.
Enable UE to send IDLE mode measurement report of the potential SCell(s) soon after UE enters RRC_CONNECTED mode.

Proposal 4.
Upon indication of UE IDLE mode measurement availability, eNB provides UL grant to the UE for sending the Measurement reports.

Proposal 5.
IDLE mode measurement report includes indication of when the UE performed the measurements.

Proposal 6.
RAN2 to discuss possibility of using NAS security context for encrypting IDLE mode measurement reports or derive a security context for protecting measurement reports  for quick reporting during RRC Connection setup, reestablishment or resume procedure before AS security is established or resumed. Details FFS pending further discussion with SA3 and CT1.

Proposal 7.
Send LS to SA3 and CT1 asking for impacts and possibility of early reporting of IDLE mode measurements and using NAS key for IDLE mode measurement reports.
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