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1 Objectives of the 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 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.


Summary of revision changes: In this revised contribution document, we discussed UE power consumption analysis with the introduction of new fast SCell activation state and compared power performance with legacy SCell activated and deactivated states.
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 the 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. 
When SCell is activated through MAC-CE, UE is required to monitor SCell PDCCH in every TTI along with other UE SCell functions of CSI reporting, SRS transmission & able to transfer data using PDSCH/PUSCH channels etc. When UE enters into Connected Mode DRX (CDRX) state, UE still needs to monitor SCell PDCCH during CDRX ON Period. 
With the deployment of high number of SCells, the UE frequently experiences the situation where many SCells are activated, DRX is Active (such as during a page download) yet only a few SCells are used for scheduling, as the eNB selects the few best SCells with the best CQI. The monitoring of PDCCH on the un-used SCells adds significant UE power consumption.
Observation 1. Due to PDCCH monitoring of Activated SCells, UE incurs significant power consumption on activated SCells even when the SCells are not being used for scheduling.

When there is no data to be scheduled on SCells, it can be deactivated through MAC-CE deactivation procedure or based on expiration of SCellDeactivationTimer. MAC-CE based Activation and Deactivation causes longer delay and it is not efficient to quickly activate SCells (through MAC-CE procedure) to offload bursty traffic opportunistically and efficiently to licensed or unlicensed SCells.  
Observation 2. MAC-CE based SCell activation & deactivation incurs a long delay of minimum 32 ms or higher (minimum of 24 ms for activation + 8ms for deactivation) and is not efficient for fast SCell transition between activation and deactivation state. 
During SCell Transition from Deactivated State to Activated State, it takes upto 24ms if UE has SCell measurements already available. If prior SCell measurements are not available, then transition takes upto 34 ms.
During 24ms SCell Deactivated to Activated transition period, UE spends time on 1) configuring SCell RF components (which depends on UE RF Frontend Implementation) and 2) for initial CQI measurement time and CQI reporting. After SCell activation, eNB requires CQI feedback from UE before starting SCell scheduling. Initial CQI reporting for eNB initiating SCell scheduling is one key bottleneck of SCell activation delay.  One way to reduce latency for quick transition of SCell to Activated State is through reduction of Initial CQI estimation period and reporting. 

Observation 3. Initial CQI estimation and reporting enhancements are required for SCell to reduce activation delay much lower than 24ms. 
In order to improve effective utilization of SCells (i.e., to enable quick scheduling on SCell for quick bursty data offload), it may seem beneficial to keep SCell always activated while SCell is configured as periodic reporting of SCell CQI and/or SRS enables UE to keep track of SCell and provides timely updates to eNB about SCell channel conditions experienced by the UE. However, in SCell Active State, UE needs to perform PDCCH monitoring and send CSI, SRS based on configuration, incurring significant additional power consumption at the UE. Therefore, SCell State enhancements are required to enable fast SCell transition to PDCCH monitoring state and minimize UE power consumption due to long SCell activation period.   
Observation 4. Periodic SCell CQI and SRS reporting enables UE to keep track of SCell and provides updates to eNB about SCell channel conditions experienced by UE.    
Observation 5. SCell State enhancements are required to enable fast SCell transition to PDCCH monitoring state and minimize UE power consumption due to long SCell activation period.   

To enable fast SCell transition to SCell PDCCH monitoring state (i.e., reduce latency) without impacting too much on UE SCell power consumption, it is desirable to introduce new transition state within SCell deactivated state where UE is not required to monitor SCell PDCCH but can continue to report SCell CQI and/or SRS at low periodicity to keep track of UE SCell and provide periodic updates to eNB about SCell status..Fast SCell activation procedure allows UE to make quick transitions between low power new SCell state and activated state. This will help network to use SCells more efficiently for serving bursty type of traffic and improves UE power performance and CA UE user experience as well (that means there is no need of keeping SCells in activated state for extended period of time)
Total (PCell + SCell) Power consumption estimation due to New “fast SCell activation state” and comparison with SCell deactivated and activated states is given in below Tables.
Table 1 Assumptions: 
· SCell New State CQI reporting periodicity is lower than SCell Activated CQI Reporting Periodicity 
· CQI measurement duration is same for both SCell New State and SCell Activated State

	Legacy SCell Active State CQI Tx Periodicity (ms)
	CQI periodicty reduction factor
	New fast SCell activation state CQI Tx periodicity = (Active State Periodicity * factor) ( ms)
	PCC in PDCCH Monitoring State (Normalized Total Power= PCC + SCC Power)
	PCC with PDSCH Data Transfer (Normalized Total Power = PCC + SCC Power)

	
	
	
	Scell Deactivated State  
	New fast SCell activation state 
	SCell activated state (PDCCH monitoring)
	Scell Deactivated State  
	New fast SCell activation state 
	SCell activated state (PDCCH monitoring)

	20
	5
	100
	X
	1.07X
	1.70X
	Y
	1.03Y
	1.33Y

	40
	5
	200
	X
	1.03X
	1.68X
	Y
	1.02Y
	1.33Y

	80
	5
	400
	X
	1.01X
	1.67X
	Y
	1.01Y
	1.33Y

	160
	2
	320
	X
	1.02X
	1.66X
	Y
	1.01Y
	1.33Y


Table 1: UE Total Power consumption (PCC + SCC) for different PCell & SCell   operating modes
Observation 6. Total increase in UE power consumption due to SCell New State Operation with low periodicity CQI reporting is very small (1-7% depending on CQI reporting periodicity) when compared with SCell Deactivated State Operation.    
From Table1 above, we can observe that Total UE Power (PCell + SCell) consumption does not impact significantly for different lower CQI reporting periodicities of fast  SCell activation state (column 5 & 8 of Table 1) when compared with SCell deactivated state for both PCell in PDCCH monitoring state and PDSCH data transfer state.  
Observation 7. Introduction of SCell New State does not significantly impact UE Total Power Consumption for the case of PCell in PDCCH monitoring mode and PDSCH data transfer mode.
From above Table 1, we can observe that UE total power penalty is not significant due to low periodicity CQI measurements and reporting in new fast SCell activation state. By allowing these low periodicity CQI measurements and reporting in new fast SCell activation state, UE is allowed to maintain CQI estimation loops in steady state and this will enable UE to quickly transition from new fast SCell activation state to legacy SCell activated state. How quickly UE can perform this state transition depends on whether L1 or L2 signalling used for state transition mechanism. Usage of L1 signalling with acknowledge for state transition enables UE to perform transition and be ready to receive SCell PDSCH data in ~5ms (i.e if L1 state transition is sent from network in SF # N, then UE can provide acknowledgement in SF # (N+4) and UE is ready for receiving SCell PDSCH data from SF # (N+5)). L1 based PDCCH DCI Signalling and L1 Ack procedures was already supported in LTE for PDCCH based SPS Release mechanism and similar mechanism can be adopted for SCell state transition as well. If MAC-CE (with acknowledge) is used for state transition, which involves additional L2 processing than L1, it takes ~ 8ms before UE receiving SCell PDSCH data from network. Reliability of PDCCH DCI signalling is much better than PDSCH based MAC-CE due to PDCCH targeting better block error performance (usual assumption is 1% BLER for PDCCH and 10% for PDSCH). A lower BLER could also be targeted for PDSCH, but that would reduce efficiency when the MAC CE is multiplexed with regular DL-SCH data.  Faster SCell transition between legacy activated state and new SCell state allows eNB to efficiently and quickly activate SCells to schedule burst traffic to UE without keeping SCells in high power consuming activated state for extended period of time. This will help to improve CA UE user experience as well. Hence, with the introduction of new fast SCell activation state, activation latency gain is in the range of 4x to 4.8x range (w.r.t legacy 24 ms activation latency). Once UE transition into legacy SCell activated State from new fast SCell activated state, to begin scheduling in SCell activated state, eNB can use latest CQI reports sent by UE in fast SCell activation state.
Observation 8. Allowing low periodicity CQI measurements and reporting within New fast SCell activation state (i.e., UE already maintains CQI estimation loops in new state) allows UE to quickly transition from New fast SCell activation state to legacy SCell activated state. SCell State Transition latency gain depends on whether L1 or L2 signalling is used for transition from SCell new state to activated state

Observation 9. Introducing New Fast SCell activation state allows UE to get SCell activation latency gain and with significant power reduction when compared to legacy SCell activated state 

Therefore, we propose:
Proposal 1. Introduce a New SCell fast activation state without PDCCH monitoring.
Proposal 2. In the SCell fast activation state, UE does not monitor SCell PDCCH and can be configured to send low periodicity SCell CQI and/or SRS. The values for the periodicities are FFS.
Proposal 3. Transition between legacy SCell deactivated state and fast activation state is via MAC-CE (i.e., similar to legacy).

Proposal 4. Introduce fast transitions between legacy SCell activated (PDCCH monitoring) state and new fast activation (No PDCCH monitoring) state based on L1 PDCCH signalling. The exact timeline requirements are up to RAN4 and PDCCH signalling is up to RAN1.
Proposal 5. Send LS to RAN1 & RAN4 about L1 signalling usage for SCell state transition and timeline requirements
It should be noted that the new fast transitions do not preclude the legacy transitions between the activated and deactivated SCell states.
Proposal 6. Legacy state transition mechanisms are applicable for transition between legacy SCell activated and SCell deactivated states.
Note that, the introduction of this new fast activation state should not impact the SCell to go to off state by using DRS signals. As such, SCell DRS signals can be used by the UE for RRM measurements in the new fast activation state. Details of the CQI measurements during SCell off state can be discussed further.
Proposal 7. SCell DRS signals can be used by UE for RRM measurements in legacy SCell states and the new SCell fast activation state.
Proposal 8. Details of CQI measurements in the SCell fast activation state during SCell off is FFS. 
4 Conclusion
In this contribution, we discussed existing mechanisms of SCell activation/deactivation and showed that the existing transition mechanisms are time consuming. We discussed some proposals to enable fast SCell transition to SCell PDCCH monitoring state to facilitate quick data scheduling on SCells and improve UE power consumption. 

Observation 1.
Due to PDCCH monitoring of Activated SCells, UE incurs significant power consumption on activated SCells even when the SCells are not being used for scheduling.
Observation 2.
MAC-CE based SCell activation & deactivation incurs a long delay of minimum 32 ms or higher (minimum of 24 ms for activation + 8ms for deactivation) and is not efficient for fast SCell transition between activation and deactivation state.
Observation 3.
Initial CQI estimation and reporting enhancements are required for SCell to reduce activation delay much lower than 24ms.
Observation 4.
Periodic SCell CQI and SRS reporting enables UE to keep track of SCell and provides updates to eNB about SCell channel conditions experienced by UE.
Observation 5.
SCell State enhancements are required to enable fast SCell transition to PDCCH monitoring state and minimize UE power consumption due to long SCell activation period.
Observation 6.
Total increase in UE power consumption due to SCell New State Operation with low periodicity CQI reporting is very small (1-7% depending on CQI reporting periodicity) when compared with SCell Deactivated State Operation.
Observation 7.
Introduction of SCell New State does not significantly impact UE Total Power Consumption for the case of PCell in PDCCH monitoring mode and PDSCH data transfer mode.
Observation 8.
Allowing low periodicity CQI measurements and reporting within New fast SCell activation state (i.e., UE already maintains CQI estimation loops in new state) allows UE to quickly transition from New fast SCell activation state to legacy SCell activated state. SCell State Transition latency gain depends on whether L1 or L2 signalling is used for transition from SCell new state to activated state
Observation 9.
Introducing New Fast SCell activation state allows UE to get SCell activation latency gain and with significant power reduction when compared to legacy SCell activated state

 
Based on the observations and discussions, we propose:

Proposal 1.
Introduce a New SCell fast activation state without PDCCH monitoring.
Proposal 2.
In the SCell fast activation state, UE does not monitor SCell PDCCH and can be configured to send low periodicity SCell CQI and/or SRS. The values for the periodicities are FFS.
Proposal 3.
Transition between legacy SCell deactivated state and fast activation state is via MAC-CE (i.e., similar to legacy).
Proposal 4.
Introduce fast transitions between legacy SCell activated (PDCCH monitoring) state and new fast activation (No PDCCH monitoring) state based on L1 PDCCH signalling. The exact timeline requirements are up to RAN4 and PDCCH signalling is up to RAN1.
Proposal 5.
Send LS to RAN1 & RAN4 about L1 signalling usage for SCell state transition and timeline requirements
Proposal 6.
Legacy state transition mechanisms are applicable for transition between legacy SCell activated and SCell deactivated states.
Proposal 7.
SCell DRS signals can be used by UE for RRM measurements in legacy SCell states and the new SCell fast activation state.
Proposal 8.
Details of CQI measurements in the SCell fast activation state during SCell off is FFS.
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