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Introduction
This contribution considers potential mechanisms for enabling fast access to deactivated or “dormant” SCells for a UE. 


Reducing Latency for SCell Access
In RAN#85, the following was agreed. 

1. RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI 
1. In parallel, in the next quarter, RAN1, in consultation with RAN2, specifies L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells under MC-DC/CA WI. 
1. Further study will be conducted if any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time, and, if agreed, the UE behavior will be specified.  
2. RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI
2. RAN2 will wait for RAN1 conclusion.  If it is agreed that additional behavior is needed for outside of active time, RAN2 chair will decide how to split the work between MC-DC/CA and Power Saving.   
1. MR-DC/CA and Power Saving WID will not be updated

RAN1 has so far considered both fast SCell activation from a deactivated state and fast scheduling on a SCell that is on a “dormant” state (no PDCCH monitoring on the SCell). A number of options were also identified during email discussions after RAN1#98 (they are not listed for brevity).

The basic objective is for a gNB to quickly schedule data to a UE when data arrives for the UE. For determining an overall delay, not only the SCell activation or SCell scheduling delay need to be considered but also other delays inherent to the system operation. For example, the UE may be in DRX when data arrives and any SCell activation needs to wait for the next On Duration. For example, for a UE with ‘dormant’ SCells, the UE is likely to be operating in a power saving mode prior to data arrival and then it may not be possible to reach the UE for one or more DRX cycles. It becomes evident that, on average and for typical long DRX cycles in the tens of msecs, any delay reduction by a few msec for activating an SCell has a marginal impact on reducing an average delay for scheduling a UE when data arrives at a gNB for the UE. Fundamentally, there is an inherent conflict between configuring a UE to operate in a mode enabling power savings, e.g. through DRX operation or through power saving signaling, and at the same time being able to quickly access the UE.

Setting aside the above observations, the sources of SCell activation delay were discussed in several contributions including in [1] where the following observations were made. 
· Using DCI/L1 instead of MAC CE for SCell activation/deactivation does not provide any material benefit.
· Using A-CSI-RS instead of SS/PBCH blocks for AGC and time-frequency tracking may materially reduce SCell activation time but requires broad specification support (DCI format design, A-CSI-RS triggering, CSI reporting, new RS patterns or transmission configuration, …) and new UE measurements.

[bookmark: _GoBack]Considering the above, the material expected specification and implementation impact for triggering/measuring/reporting for CSI-RS associated with tracking, and that NR Rel-15 has embedded capability for “dormant” cell functionality using BWPs, the following is proposed. 

Proposal 1: Enhancements to the Rel-15 NR SCell activation procedure are not further considered.


NR Rel-15 provides a flexible framework to control the UE behavior through configuration of BWPs with different values for parameters per BWP. This avoids one of the main structural problems of SCell activation in that it is reactive (gNB needs to wait for UE to first receive/process signaling for SCell activation and then perform RF warm up, sync, CSI measurement, CSI report, … before being able to schedule the UE) instead of proactive (gNB has all necessary information for scheduling a UE). A UE is not required to support different physical BWPs. A same physical BWP can be configured with different parameter sets, possibly representing different BWPs from a specification viewpoint, but being a single BWP from an operational viewpoint (e.g. no BWP switching delay, no dropping of HARQ-ACK due to BWP switching, …). Triggering an A-CSI-RS measurement and an A-CSI report for a cell together with triggering PDCCH monitoring for scheduling on the cell is beneficial but coordination with the UE power savings WI is needed.

For UE power savings, the following have been agreed.

Agreements:
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 

Agreements:
The indication of at least one power saving technique(s) is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), if any, and/or repurposing existing field(s), if identified, when UE is in Active Time.     

Agreements:
The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  

Working assumption:
UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   

Basically, a UE is configured to monitor a DCI format in a CSS and is configured a field in that DCI format informing the UE whether or not to monitor PDCCH in one or more next DRX cycles. It is straightforward to extend the above agreements to a group of cells. If the UE is configured not only a position of the field but is also configured a length for the field in the DCI format, it is then a gNB choice to indicate anything between the two extremes of having all cells in one group to having only one cell in one group. 

Proposal 2: Outside Active Time, the indication to a UE by a DCI format for whether or not the UE shall monitor PDCCH in a number of next DRX cycles is provided for one or more groups of cells. 


It is currently FFS whether a UE can monitor PDCCH on the PCell for the DCI format (indicating to the UE whether to monitor PDCCH) also inside Active Time. Regardless of the conclusion, the same approach should apply for SCells. It is preferable that ‘Active Time’ is not a condition for whether or nor a UE monitors a PDCCH with a DCI format that can enable/disable PDCCH monitoring. That is, PDCCH monitoring for a UE can be switched on or off regardless of whether the UE is ‘outside’ Active Time or ‘inside’ Active Time. This can apply regardless of whether the cell is a ‘PCell’ or an ‘SCell’.  

Proposal 3: A UE monitors PDCCH for a DCI format indicating to the UE whether or not to monitor PDCCH for one or more groups of cells regardless of whether the UE is inside or outside Active Time. 

Proposal 4: If it is not supported for a UE to monitor inside Active Time PDCCH for a DCI format indicating to the UE whether or not to monitor PDCCH on a cell, this applies regardless of whether the cell is ‘PCell’ or ‘SCell’. 


Several alternatives to an explicit indication to a UE for whether or not the UE is expected to monitor PDCCH for scheduling on an SCell were proposed. They typically require some sort of association/link between an active BWP associated with the SCell and PDCCH monitoring for scheduling on the SCell. 

A first alternative is to use a DCI format to indicate an active BWP on a SCell and, based on the configurations of search space sets per BWP, the UE adjusts the PDCCH monitoring. This is similar to an explicit indication but it also requires support by the UE of multiple BWPs (optional UE feature). A BWP switching delay may or may not exist (e.g. physical bandwidth of the indicated active BWP is different or same than the BWP for the dormant state) and therefore, a UE is not necessarily required to be able to support operation with multiple BWPs. A granularity to activate PDCCH monitoring per SCell or per group of more than one SCells can also be supported. Overall, this alternative may be viewed as equivalent to explicit indication to a UE for whether or not the UE should monitor PDCCH for scheduling on a SCell.

Observation 1: A DCI format indicating a UE to switch a BWP on a SCell in order to monitor PDCCH for scheduling on the SCell can be equivalent to an indication to monitor PDCCH unless it requires support of different physical BWPs. 


A second alternative is to link the active BWPs of a reference cell, such as the PCell, and of a SCell. For example, when the active BWP on the PCell is BWP1, the active BWP on the SCell may not have any configured search space set while when the active BWP on the PCell switches to BWPs, the active BWP on the SCell switches to one that has configured search space sets. This alternative has all disadvantages of the first alternative. It is also unnecessary because the same functionality can be achieved by the DCI format indicating PDCCH monitoring on the PCell for UE power savings (e.g. all cells can be in one group). An advantage is that additional signaling is not required but such signaling can be controlled by the gNB based on how the cells are grouped for PDCCH monitoring indication – e.g. no additional signaling exists other than one defined in the UE power savings WI if the indication for PDCCH monitoring is applicable to all cells.

Observation 2: There is no need to consider linking BWP switching on one cell with BWP switching on SCells for the purposes of PDCCH monitoring on the SCells. 


A third alternative is to enable configuration of cross-carrier scheduling per BWP instead of per cell. This alternative also has the disadvantages of the first alternative while it also does not require explicit signaling. It however maintains reliance on a UE being able to support multiple BWPs and additionally requires support of cross-carrier scheduling and PDCCH monitoring for a ‘dormant’ SCell on a scheduling cell. Overall, it is a more complex and less flexible solution than direct indication for whether or not a UE should monitor PDCCH for scheduling on a SCell, requires the UE/gNB to support multiple BWPs and cross-carrier scheduling while the offered signaling overhead savings are not material. 

Observation 3: There is no need to consider BWP-dependent cross-carrier scheduling. 


Conclusions
This contribution considered mechanisms for reductions in a scheduling latency on a SCell and proposes the following.

Proposal 1: Enhancements to the Rel-15 NR SCell activation procedure are not further considered.

Proposal 2: Outside Active Time, the indication to a UE by a DCI format for whether or not the UE shall monitor PDCCH in a number of next DRX cycles is provided for one or more groups of cells. 

Proposal 3: A UE monitors PDCCH for a DCI format indicating to the UE whether or not to monitor PDCCH for one or more groups of cells regardless of whether the UE is inside or outside Active Time. 

Proposal 4: If it is not supported for a UE to monitor inside Active Time PDCCH for a DCI format indicating to the UE whether or not to monitor PDCCH on a cell, this applies regardless of whether the cell is ‘PCell’ or ‘SCell’. 


In addition, the following observations are made.

Observation 1: A DCI format indicating a UE to switch a BWP on a SCell in order to monitor PDCCH for scheduling on the SCell can be equivalent to an indication to monitor PDCCH unless it requires support of different physical BWPs. 

Observation 2: There is no need to consider linking BWP switching on one cell with BWP switching on SCells for the purposes of PDCCH monitoring on the SCells. 

Observation 3: There is no need to consider BWP-dependent cross-carrier scheduling. 
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