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RAN plenary #85 did not reach consensus on SCell and cDRX enhancements for Rel-16 [1, 2]. No changes to the NR UE power saving WID were agreed [3].
However, we think power saving enhancements for EN-DC configuration is still too important to skip, as it is one of the most deployed options in the early deployment of NR. In this paper, we would like to discuss power saving issues related to MR-DC configurations and then propose a method for waking up a UE in low-power state on its SCG by sending it an L3 message over its active MCG connection.
Discussion
Motivation
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.   
Observation 1. FR2 cells require frequent beam management in C-DRX, which can result in high power consumption. 
[bookmark: _GoBack]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 that UE can receive WUS reliably in most DRX cycles. 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 2. 	Even with wakeup signaling, beam management still needs to be performed often to ensure that UE can receive wakeup signals reliably in most DRX cycles. 
One way to avoid the above trade-offs is to leverage UE’s connection in FR1 cell group (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 can send a “wakeup message” via UE’s LTE connection to UE’s NR MAC entity. This message tells the UE to switch back to a more active state on its NR connection. Such a cross-CG wake up message allows network to configure long DRX cycle for FR2 cells, performing no or very sparse beam management procedures. 
Although delay may incur when sending messages cross two cell groups, we believe that in typical deployment scenarios this delay would not exceed the packet delay budget of the traffic carried by UE. In typical network deployments, the latency for sending a message from gNB to eNB would not be longer than 10ms and hence the total end-to-end delay typically would not be more than 50 msec. This is less than packet delay budget for most eMBB applications and much shorter the long DRX cycles we target (1 second or longer). Hence it is sensible and feasible to send messages cross cell groups instead of passively waiting for a DRX cycle to end. 
Observation 3. Waking up UE cross cell groups enables network to configure long DRX cycles for FR2 cells and avoids or reduces power consumed by beam management procedure.
Based on the above analysis, we thereby propose that
Proposal 1. In MR-DC, SN can send a message to wake up UE’s MAC entity in SN over UE’s connection in MN.
Stage-3 solutions
Since this message is sent between two cell groups, it has to be a L3 message.
Proposal 2. This cross-CG wakeup message is an RRC message.
There can be different ways to send an RRC message from SN to UE over UE’s connection in another cell group. But we think the following approach would minimize the impact on the exist specifications:
· This cross-CG message can be encapsulated in a transparent RRC container, which then is sent from SN to MN using RRC Transfer procedure (section 8.3.9, TS 38.423);
· After MN receives and decapsulates the wakeup message, it forwards the message to UE over its own link.
The following example, which is based on EN-DC configuration with NR operate on FR2 and illustrated in Figure 1, can further show how the above steps may work: 
· UE’s SCG (NR) may be configured with a long DRX cycle;
· When there is a surge of DL data, gNB may first determine whether to send a cross-CG message to wake up UE or simply wait for UE’s current DRX cycle to end, depend on which event happens sooner;
· If gNB chooses to send a wakeup message, which is an RRC message, it encapsulates the message in a transparent RRC container and sends it to LTE eNB via RRC Transfer procedure. LTE eNB then forwards the message to UE; 
· After UE receives the wakeup message, it ends the DRX off time for the MAC entity in its SN. 
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Figure 1 An example of cross-CG wakeup scheme in EN-DC
As one may see, both RRC transparent container and RRC Transfer procedure required in the above steps are already defined in the Rel-15 specifications and can be used without change. We therefore propose that
Proposal 3. This cross-CG wakeup message is encapsulated in a transparent RRC container and then sent from SN to MN by RRC Transfer procedure.  
As to the content of this cross-CG wakeup message, since its purpose is essentially the same as the PDCCH-based wakeup signal (WUS) used for CA configuration, it makes sense for this message to contain the same information as that in the payload of a PDCCH-based WUS. 
Since UE may wake up anywhere the middle of DRX cycle, network also needs to indicate the time when UE starts to start DRX active time and monitor PDCCH in the target cell group. Given the randomness involved in the transmission of cross-CG messages, network can configure a set of such time locations, so that UE can have multiple opportunities to connect with network. 
Proposal 4. This cross-CG wakeup message can include the same information as that in the payload of a PDCCH-based WUS, as well as time location(s) for UE to start monitoring PDCCH in the target CG.
In addition, if UE wakes up after a long sleep with no or sparse beam management in between, UE might have lost its serving beams and hence can benefit from performing a beam management procedure before it starts receiving data. Therefore, gNB should have the option to additionally include information necessary for UE to perform a beam management procedure, such as time and frequency location of reference signals and resources for UE’s reports. The time locations of those resources can be specified relative to the specified starting points of UE’s DRX active time. 
Proposal 5. This cross-CG wakeup message can optionally include information necessary for UE to perform beam management procedure before UE starts monitoring PDCCH in the target CG.
In case where UE misses all the starting points of DRX active time specified by wakeup message, UE can choose to either perform RACH procedure to establish its link with network, or simply wait until the next occurrence of DRX on duration.
Proposal 6. It is up to UE implementation whether to perform RACH procedure or wait until the next occurrence of DRX on duration, if it misses all the specified starting point(s) of its DRX active time. 
Summary
Based on the above discussions, we recommend RAN2 to discuss and adopt the following observations and proposals:
Observation 1. FR2 cells require frequent beam management in C-DRX, which can result in high power consumption. 
Observation 2. 	Even with wakeup signaling, beam management still needs to be performed often to ensure that UE can receive wakeup signals reliably in most DRX cycles. 
Observation 3. 	Waking up UE cross cell groups enables network to configure long DRX cycles for FR2 cells and avoids or reduces power consumed by beam management procedure.
Proposal 1. 	In MR-DC, gNB in one cell group can send a message to wake up UE’s MAC entity for that cell group over UE’s connection in the other cell group.
Proposal 2. 	This cross-CG wakeup message is an RRC message.
Proposal 3. 	This cross-CG wakeup message is encapsulated in a transparent RRC container and then sent from SN to MN by RRC Transfer procedure.  
Proposal 4. This cross-CG wakeup message can include the same information as that in the payload of a PDCCH-based WUS, as well as time location(s) for UE to start monitoring PDCCH in the target CG.
Proposal 5. This cross-CG wakeup message can optionally include information necessary for UE to perform beam management procedure before UE starts monitoring PDCCH in the target CG.
Proposal 6. It is up to UE implementation whether to perform RACH procedure or wait until the next occurrence of DRX on duration, if it misses all the specified starting point(s) of its DRX active time. 
image1.emf
MN eNB UE SN gNB

Wakeup msg over

 LTE connection

Wakeup msg in a RRC 

transparent container

gNB wants to wakeup UE 

before next on duration

UE in DRX off state

Surge in traffic

Wakeup from DRX


