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Introduction
In the RAN2 #108 meetings, proposals for configuring a secondary DRX group in the case of FR1+FR2 mixed CA [1] were discussed, and the following agreements were made: 
Conditional on R1 acceptance: 
A separate drx-InactivityTimer and drx-onDurationTimer can be configured for the secondary DRX group. R2 understands that this has zero or almost zero impact in R1 and R4
The combination of cross-carrier scheduling and secondary DRX group is not supported
FFS if timers for FR2 DRX configuration are shorter than timers for FR1 DRX configuration.
The intention is to apply secondary DRX configuration to FR2 and existing DRX configuration to FR1 
We send an LS to R1, ask whether there is impact, and if so whether the impact is acceptable. 
However, due to limited meeting time, a few issues were either left open or not discussed. For example, how CSI transmissions are handled, how short DRX cycle timer is maintained, and how wakeup signaling (WUS) may work with DRX groups, etc. We think those issues are important to proper and efficient operation of DRX groups and hence worthy further discussions. 
In this paper, we focus on wakeup signaling related issues when DRX groups are configured.
Without loss of generality, in this paper we assume that DRX group #1 contains only FR1 cells and DRX group #2 (aka secondary DRX group) contains only FR2 cells. 
Discussion
As we all know, WUS enhances power saving benefits of DRX procedure. We can expect more power saving when both DRX groups and WUS are configured. This is because WUS only attains power savings from skipping so-called “empty” DRX cycles (i.e. UE wakes up for on duration but no data is received or sent). WUS does not help the case where there is still active traffic. But with DRX groups, once traffic load becomes low, network can put FR2 to sleep first to save power, by using a separate, much shorter DRX inactivity timers for FR2 cells. Therefore, WUS and DRX groups can be configured together to complement each other’s power saving benefits.
[bookmark: _Hlk32314220]Observation 1. WUS and DRX groups can be configured together to complement each other’s power saving benefits.
Since RAN1 has already completed their power saving WI and additional enhancements to WUS are no longer possible, we need to study whether the existing WUS procedures can be extended to DRX groups without change. With that limitation in mind, we think the following existing agreements on WUS are most relevant to DRX group:
P1. WUS is configured on SpCell only;
P2. If UE is in DRX active time, it does not monitor WUS occasion and starts on duration timer at the next occurrence of the timer;  
P3. WUS indication applies to all cells; it does not support cell-level indications (i.e. different subset of cells can’t have its own individual indications). 
P4. Upon reception of a wake up indication, UE starts DRX on duration timer at its next occurrence. 
To apply the above agreements to DRX groups, we think we have to keep P1 as is, i.e. secondary DRX group can’t have its own WUS configuration. We have to interpret the “active time” in P2 as the one for SpCell. Because otherwise, any other definitions would require changes to the current RAN1 agreements. In addition, if a WUS occasion is located inside DRX active time and hence is not monitored, UE starts on duration timers of both DRX groups at their next occurrences, as required by the current agreements. 
Per P3, WUS indication should be applied to all carriers in both DRX groups. Since there are two on duration timers, this means that we should interpret P4 as that UE starts DRX on duration timers at their respective next occurrence. We think this interpretation is a sensible one, for the following reasons.
In typical scenarios, since both DRX groups use the same long DRX cycle, they start their on duration timers at the same time. This behavior then is the same as that in legacy, i.e. WUS indication to wake up triggers all carriers to wake up at the same time.  
If short DRX cycle is configured, there can be scenarios where one group uses short DRX cycle and the other uses long DRX cycle. That would cause the latter group to start its next DRX cycle later than the other group. If RAN1’s current working assumption that WUS is not configured for short DRX cycle eventually becomes an agreement, then we do not have to consider this scenario. If that working assumption is reverted, this behavior still works and does not require any change. Therefore, we think this is a good, future-proof way to capture the current UE behavior. This point is further illustrated in Figure 4. Even though there are multiple WUS occasions before DRX group #2 starts its next cycle and those indications may be different, only the last WUS indication matters. 


[bookmark: _Ref28761906]Figure 4. WUS procedure when DRX groups use different types of DRX cycles (if WUS can be configured for short DRX cycle).
Based on the analysis above, we propose that:  
Proposal 1.	RAN2 confirm that the existing RAN1/2 agreements on WUS can still be applied without change when DRX groups are configured. More specifically,
· WUS is configured only on SpCell and UE does not monitor WUS as long as SpCell is in DRX active time;
· If a WUS occasion is not monitored, UE starts DRX on duration timers of both DRX groups at their respective next occurrence;
· Upon a wakeup indication, UE starts DRX on duration timers of both DRX groups at their respective next occurrence. 
Conclusion
Based on the above discussion, we recommend RAN2 to discuss and adopt the following proposals: 
Observation 1. WUS and DRX groups can be configured together to complement each other’s power saving benefits.
Proposal 1.	RAN2 confirm that the existing RAN1/2 agreements on WUS can still be applied without change when DRX groups are configured. More specifically, 
· WUS is configured only on SpCell and UE does not monitor WUS as long as SpCell is in DRX active time;
· If a WUS occasion is not monitored, UE starts DRX on duration timers of both DRX groups at their respective next occurrence;
· Upon a wakeup indication, UE starts DRX on duration timers of both DRX groups at their respective next occurrence. 
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