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In SID of Rel-16 UE power saving study in NR [1], one of the objectives is to identify techniques for UE power saving with focus on RRC_CONECTED mode, which should include the general enhancement on the current DRX configuration for UE power saving purpose. This contribution discusses a method for waking up a UE in power efficient state on its SCG air interface, by leveraging its MCG connection.
Discussion
For a MR-DC system, a UE may have separate MAC entities on its LTE and NR interfaces or two NR interfaces with one operating on FR1 and another on FR2. This configuration allows a UE to have different and independent DRX configurations for each of its cell groups. When traffic load is low and wide bandwidth operation is not needed, UE’s FR2 cells can be switched to a power efficient state (e.g. C-DRX mode), while its FR1 cells are used as its primary connection to handle most of its traffic. For example, UE’s FR2 cell can be configured with a very long DRX cycle so that it spends most of its time in sleep state. 
However, power savings from applying long DRX cycles may come at the cost of other performance metrics. For example, the longer UE sleeps between DRX cycles, the longer delay UE may have if it has data arrive during its off time. And the longer DRX cycle is, the more likely UE’s serving beam may be degraded or lost before next on duration. As a result, UE may have to perform more beam failure recoveries or beam management procedures, both of which increase latency and add extra overheads.   
An alternative approach might be to keep DRX cycle short to avoid increase in latency but configure wakeup signals (WUS) to keep power consumption low. The drawback of this solution is that for FR2 cells in DRX mode, beam management procedure still needs to be performed often enough to ensure UE has a good set of serving and candidate beams for most on durations. This procedure is particularly important and needs to be performed more often if WUS is configured, because UE needs to be certain that it has the right beam to properly receive and decode WUS. Otherwise, UE may miss a WUS and thus sleep for extra DRX cycles, suffering longer latency and diminished benefit of short DRX cycle. 
Observation 1. FR2 cells require frequent beam management in C-DRX, which can result in high power consumption. 
One way to avoid the above trade-offs is to leverage UE’s connection in FR1 CG to wake up FR2 CG from DRX off state. For example, in EN-DC, when gNB needs to bring UE out of DRX state on its NR connection (e.g. to transmit data to the UE), it sends a “wakeup” message, which can be sent in different ways, via UE’s LTE connection to UE’s NR MAC entity. This message, whose type and content are to be determined, may tell the UE to switch back to a more active state on its NR connection or even take other actions. Such a cross-CG wake up message allows network to configure long DRX cycle for FR2 cells, as long as the delay of sending it between two cell groups does not exceed the packet delay budget of the traffic carried by UE. In typical network architecture, the latency for sending a message from gNB to eNB would not be longer than 10ms and hence the total end-to-end delay would not be more than 50 msec. This is less than the packet delay budget and DRX cycles for most eMBB applications. Hence it is feasible and beneficial to send messages cross cell groups than passively waiting for a DRX cycle to complete. In addition, beam management for FR2 cells in SCG can be avoided, because UE only needs to perform it when it is needed, i.e. before FR2 cells are switched back to active state. 
Observation 2. Waking up UE cross cell groups enables network to configure long DRX cycles for FR2 cells, which reduces overhead of beam management while keeping latency low.
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Figure 1 An example of cross-CG wakeup scheme in EN-DC
Figure 1 illustrates an example of cross-CG wake up scheme in an EN-DC configuration, in which NR cells operate on FR2. The following is an example of possible designs (some of the steps can have different design options): 
· UE can be configured with a long DRX cycle in its SN (NR) and wakes up during DRX off time only to perform very basic link maintenance. 
· When there is a surge of DL data, network may want to wake up UE’s NR MAC entity before its current DRX cycle ends. To do that, gNB sends a “wakeup message” to LTE eNB . This “wakeup message” is encapsulated in a transparent RRC container and sent to LTE eNB via RRC Transfer message (section 8.3.9, TS 38.423). LTE eNB then forwards the message to UE. There may other ways to send this message, but this approach has little impact on the existing LTE implementation. 
· It can be up to further study what network can include in this “wakeup message”. For example, in the “wakeup message” network could command UE to trigger SR or RACH or BFR procedure to re-enter DRX active time. Or network can indicate a slot in which UE should resume monitoring PDCCH. Alternatively, the message may not need to contain much information and it is up to UE implementation to decide whether to trigger SR or RACH or BFR procedure, based on the state of the link (e.g. depend on what type of link maintenance has been performed).  
Based on the above discussions, we’d like to make the following proposals:
Proposal 1. In DC configuration, gNB in one cell group can wake up UE’s MAC entity for that cell group by using UE’s active connection in the other cell group.
Proposal 2. 	Methods to wake-up the other cell group is FFS.
Summary
Based on the above discussions, we recommend RAN2 to discuss and adopt the following observations and proposal:
Observation 1. FR2 cells require frequent beam management in C-DRX, which can result in high power consumption. 
Observation 2.  Waking up UE cross cell groups enables network to configure long DRX cycles for FR2 cells, which reduces overhead of beam management while keeping latency low.
Proposal 1. In DC configuration, gNB in one cell group can wake up UE’s MAC entity for that cell group by using UE’s active connection in the other cell group.
Proposal 2. 	Method to wake-up the other cell group is FFS.
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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). 
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.
[bookmark: _GoBack]In DC configuration, gNB in one cell group can wake up UE’s MAC entity for that cell group using UE’s active connection in the other cell group. Method to wake-up the cell group is FFS.
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.
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 -------------------------------------------------------------------
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