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[bookmark: _Ref510442278]Introduction
In RAN2 #105bis meeting, it was agreed that 
=>	RAN2 sees some power consumption benefits if SCells monitoring is reduced.  
In this paper, we discuss techniques currently under discussion in both RAN1 and RAN2 for managing PDCCH monitoring on SCells and then argue why additional approach(s) is needed.
Discussion
It is well known that when UE is not scheduled with data on a SCell, a large percentage of power it spends on that cell is for monitoring PDCCH on that cell. Therefore, it would be very useful if UE can dynamically adapt its PDCCH monitoring on a SCell based on its traffic load. We think such an adaptation can be performed at three different time scales for bursty traffic: between sessions, within a burst and across bursts. 
Observation 1. Adaptative PDCCH monitoring on SCells can be performed at three different time scales: between sessions, within a burst and across bursts. 
Between sessions
When traffic is generated by applications involving human users, there are often long idle intervals caused by inactivity of user (e.g. user is consuming received information). Typical duration of such idle intervals often is much longer than that of idle intervals between two bursts (e.g. in the order of several seconds). However, this long period of inactivity does not necessarily imply that user is done with the data connection. With good chance, user may either resume his/her browsing or switch to another application. Therefore, it may not be efficient to deactivate SCells too early only because an idle interval is long, as re-activation takes time and that delay can impact user experience. We think the “dormant state” idea currently discussed under DC/CA SI can enable fast re-activation of SCells and hence potentially can be a good solution for this scenario.
Observation 2. Fast SCell re-activation based on “dormant state” is a good solution to save power during long idle intervals between sessions. 
Within a burst
Within a burst, there are often short idle intervals in traffic, either due to variations in traffic or temporary scheduling gap. During such a short idle interval, there is no PDSCH/PUSCH scheduled. Therefore, it is a waste (power wise) for UE to keep monitoring those PDCCH occasions for nothing, and UE can save power by skipping those intervals. Given the dynamic nature of such an indication, we think such a solution needs to be L1 based. DCI-based PDCCH skipping, which is currently under discussion in both RAN1 and RAN2, hence can be a good choice. 
Observation 3. PDCCH skipping is a good solution to save power during short idle intervals within a burst.
Across bursts
Saving power between and across bursts traditionally is handled by DRX. However, as RAN2 has agreed to keep single DRX configuration per MAC entity for Rel-16, DRX is no longer efficient in this scenario. For example, bursts in different DRX cycles may have different sizes. It is thus very inefficient to always apply the same set of SCells to serve data in different DRX cycles. Similarly, when traffic load drops to a much lower level between two large bursts but UE stays in DRX active time as long as traffic is flowing, all activated SCells are kept active, i.e. UE has to monitor PDCCH on all scheduling SCells although some of them have no data scheduled at all. In such scenarios, power can be saved if PDCCH monitoring on some of the SCells can be temporarily suspended and then reinstated when traffic load picks up again. 
RAN1 is still debating whether to introduce L1 signaling mechanism to dynamically control PDCCH monitoring on SCells, i.e. a DCI (to be designed for this particular purpose) is sent on the target SCell to suspend PDCCH monitoring on that cell. Or alternatively, network switches the active BWP on that SCell to a special BWP in which no PDCCH is configured. To have UE resume PDCCH monitoring on a SCell, a new DCI (to be designed) for that purpose needs to be sent on another cell in which UE is actively monitoring PDCCH (i.e. cross-carrier indication). 
This design would require RAN1 to design one or two new DCIs. Based on the replies to the latest RAN1 email discussion on the reflector, it appears that even proponents for new L1 signaling mechanism are still divided among the above two options and there is still no clear agreeable solution.  
Observation 4. 	Currently RAN1 still has no clear agreeable solution for dynamic control on PDCCH monitoring on SCells across bursts. 
Given the situation in RAN1, we think RAN2 can also study upper-layer designs that are simple, do not require new signaling and have minimal spec impact. One of such ideas that we’d like to propose RAN2 to study is implicit signaling based on linkage between search spaces on SpCell and SCells.
More specifically, a SCell with PDCCH is linked to a search space on PCell. This search space can be either a special search space dedicated for the purpose of adaptive PDCCH monitoring or any regular one. And multiple SCells can be mapped to the same search space on PCell (e.g. all FR2 SCells share the same search space), if network wants to manage those SCells together.
To suspend PDCCH monitoring in a SCell, it can be configured with an inactivity timer, which is shorter than its SCell deactivation timer and is started/restarted by new data transmissions. When this timer expires, UE autonomously suspend its PDCCH monitoring on that SCell.
To resume PDCCH monitoring in a SCell, network only needs to send a scheduling DCI for new data in the search space in the SpCell that is linked to that SCell. This DCI then will trigger UE to resume PDCCH monitoring on the linked SCell(s). 
Alternatively, the same objective can be achieved by linkage between bandwidth part on SpCell and PDCCH monitoring on SCell. More specifically, network may configure a narrow BWP and a wide BWP on SpCell. When SpCell operates in the narrow bandwidth part, UE stops monitoring PDCCH on SCells; when SpCell operates in the wide bandwidth part, UE monitors PDCCH on all SCells.
As we can see, the two designs above are straightforward to implement and requires only small changes in PDCCH-Config. Yet it can work as fast as any L1 signaling based solutions. Given the deadlock in RAN1 on their design for dynamic PDCCH monitoring, RAN2 should study such simple upper-layer techniques. 
[bookmark: _Hlk4361911]Proposal 1. Upper-layer designs that can enable adaptative PDCCH monitoring on SCells but do not require new signaling are supported. Options can include configuring linkage between search space or bandwidth part in SpCell and PDCCH monitoring on SCell(s).
Summary
Based on the above discussions, we recommend RAN2 to discuss and adopt the following proposals:
Observation 1. Adaptative PDCCH monitoring on SCells can be performed at three different time scales: between sessions, within a burst and across bursts. 
Observation 2. Fast SCell re-activation based on “dormant state” is a good solution to save power during long idle intervals between sessions. 
Observation 3. PDCCH skipping is a good solution to save power during short idle intervals within a burst.
Observation 4. Currently RAN1 still has no clear agreeable solution for dynamic control on PDCCH monitoring on SCells across bursts. 
Proposal 1. Upper-layer designs that can enable adaptative PDCCH monitoring on SCells but do not require new signaling are supported. Options can include configuring linkage between search space or bandwidth part in SpCell and PDCCH monitoring on SCell(s).
Appendix: draft TP
--------------------------------------------------------------- start of TP--------------------------------------------------------------------
6.3	Higher layer procedures for the UE power saving schemes in RRC_CONNECTED
The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   
The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with c-DRX and is only configured when c-DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for the power saving signal/channel schemeits adaptation to DRX operation (Section 5.1.4). 
[bookmark: _GoBack]When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
Upper-layer designs that can enable adaptative PDCCH monitoring on SCells but do not require new signaling are supported. Options can include configuring linkage between search space or bandwidth part in SpCell and PDCCH monitoring on SCell(s).
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.
Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied.
---------------------------------------------------------------- end of TP -------------------------------------------------------------------

