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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref129681832]In RAN2#108, the introduction of secondary DRX group with Carrier Aggregation was discussed, and an LS as follows was sent to RAN1 and RAN4 to check if the feature can be introduced under TEI16 with no or little impact that is acceptable on other WGs.
	[bookmark: _Hlk25217911]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
[bookmark: _Hlk25216465]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 


As the Rel-16 SCell dormancy mechanism is already specified as a scheme that can reduce the SCell power consumption in Carrier Aggregation scenario. In this contribution, we compare the mechanism of the SCell dormancy behavior in Rel-16 and the introduction of two DRX groups. It is observed that it would be necessary to expect evaluations to justify an introduction of secondary DRX group considering dormancy adaptation is already specified in Rel-16.
[bookmark: _Ref29301707]Discussion
The introduction of secondary DRX group is to enable the FR2 serving cells which are incorporated in one DRX group to go to sleep early to save power and meanwhile the traffic can be served in the other DRX group. As descripted in [1], the drx-onDurationTimer and drx-InactivityTimer for the secondary DRX group are expected to be shortened compared to that for the primary DRX group. Therefore, it is possible for the secondary DRX group to leave active time early when the traffic in the secondary DRX group is sporadic, as illustrated in Figure 1.
[image: ]
Figure 1. [bookmark: _Ref36731891]FR1 cells in the primary DRX group and FR2 cells in the secondary DRX group [1]
Observation 1. The key operation of secondary DRX group is to introduce another set of drx-onDurationTimer and drx-InactivityTimer to shorten the active time on the SCells in the secondary DRX group, allowing the SCells leave active time early when the traffic in the secondary DRX group is sporadic.
Meanwhile, in Rel-16, the SCell “dormancy like behavior” for a group of configured SCells is introduced to NR in CA scenario. The dormancy adaptation reuses a BWP-based framework, and is originally aimed at achieving a more efficient and lower latency way for SCell data transmission compared to the legacy NR CA framework. To realize this functionality, a dynamic signaling, named SCell dormancy indication, is incorporated in a scheduling DCI for active time and in DCI format 2_6 for outside active time.  When a pre-configured SCell group of UE is indicated “dormancy” by the corresponding DCI, the UE switches to a pre-configured dormant BWP and stops the PDCCH monitoring in all the SCells of that group, only periodic CSI measurements/reporting and SRS transmission are maintained. With this approach, the SCells can be kept as an activated cell for long durations, which avoids the deactivated/activated transitions that have the currently specified long delays, and the cells are quickly available for data burst scheduling. On the other hand, UE power consumption is also reduced by providing mechanisms to skip PDCCH monitoring on the activated Scells according to data burst arrival.
Observation 2. Rel-16 SCell dormancy adaptation provides a power consumption tool for SCells in FR2.
As the dormancy indication can also be transmitted in scheduling DCI in the PCell when UE is in active time. When the network has no more data burst scheduling for FR2 SCells, a DCI format 1_0/1_1 with dormancy indication for FR2 SCells can be used to notify UE to terminate the PDCCH monitoring operation and switch to the dormant BWP in that cell. As a result, the PDCCH monitoring time in SCells are reduced, which can achieve the same target to introduce another set of drx-onDurationTimer and drx-InactivtyTimer on the SCells. Therefore, a similar power saving gain as secondary DRX group scheme can be expected. 
Take Figure 2 for example, the last UL scheduling DCI in PCell conveys dormancy indication for the FR2 SCell. After the reception of the DCI, the UE switches to dormant BWP in the SCell even if the drx-InactivityTimer is running. Compared to two DRX group scheme, the UE is still staying in active time performing CSI measurements/CSI reporting, however the PDCCH monitoring is terminated earlier than secondary DRX group. Therefore the power saving gain is similar to that of two DRX group scheme. 
On the other hand, since the SCells are still kept in active state and CSI measurements/reporting are ongoing, the network can resume PDCCH monitoring and fast data scheduling by sending non-dormancy indication.
[image: ]
Figure 2. [bookmark: _Ref36750479]Comparison on the mechanisms of shortening PDCCH monitoring in FR2 SCells between dormancy behavior and secondary DRX group

Observation 3. SCell dormancy adaptation specified in Rel-16 can achieve the same target to reduce the PDCCH monitoring on the SCells in FR2, which may have similar power saving effect as the shorter drx-onDurationTimer and drx-InactivityTimer on FR2.
The power saving gain obtained by dormancy adaptation relies on the dormancy indication transmitted in the PCell. If no data burst scheduling occurs in PCell, an explicit DCI without data scheduling, i.e. Case 2 DCI, is transmitted to mute the PDCCH monitoring in FR2 SCells. When FR2 SCells are operating on dormant BWP, the non-dormancy indication is transmitted by the scheduling DCI to switch UE back to non-dormant state. The DCI overhead may be slightly increased due to the dormancy indication. However, it would be necessary to expect evaluations to justify the reduced DCI overhead is significant enough to specify the secondary DRX group compared with the dormancy adaptation.
Another question is whether dormancy adaptation and secondary DRX group can be simultaneously deployed to FR2 SCells. If a UE is simultaneously configured with dormancy adaptation and secondary DRX group to FR2 SCells while DCI format 2_6 is not enabled as illustrated in Figure 3, for the UE, a scheduling DCI with dormancy indication on PCell is necessary to switch a SCell to non-dormancy state if that cell is in dormancy state before the Active Time. Due to the scheduling delay and the BWP switching time, the active time on SCell might be too short for the network to do a flexible scheduling. Consequently, the network has to wait to another DRX cycle to schedule the UE, leading large transmission delays. 
[bookmark: _GoBack][image: ]
Figure 3. [bookmark: _Ref36732366]Example of scheduling FR2 SCell when that cell in dormant state before active time

Observation 4. The coexistence of secondary DRX group and dormancy adaptation may introduce additional scheduling delay and limit the network’s flexibility.
Based on all the analysis above, it is observed that dormancy adaptation can reduce the PDCCH monitoring time inside the DRX active time, which is also the main purpose of the secondary DRX group by introducing another set of drx-onDurationTimer and drx-InactivityTimer. The power saving benefits from secondary DRX group also seems to be equivalent to that realized by the SCell dormancy adaptation. There are also some delay and flexibility problems on the coexistence of secondary DRX group and dormancy adaptation, which would be necessary to be evaluated. Besides above concerns, some other impact on dormancy behavior in physical layer is also discussed in our companion contribution [2].  Considering the dormancy adaptation is already specified in Rel-16, we have the following Observation:
Observation 5. It would be necessary to expect evaluations to justify an introduction of secondary DRX group considering dormancy adaptation is already specified in Rel-16.

Conclusions
Based on the analysis above, we have the following observations:
Observation 1. The key operation of secondary DRX group is to introduce another set of drx-onDurationTimer and drx-InactivityTimer to shorten the active time on the SCells in the secondary DRX group, allowing the SCells leave active time early when the traffic in the secondary DRX group is sporadic.
Observation 2. Rel-16 SCell dormancy adaptation provides a power consumption tool for SCells in FR2.
Observation 3. SCell dormancy adaptation specified in Rel-16 can achieve the same target to reduce the PDCCH monitoring on the SCells in FR2, which may have similar power saving effect as the shorter drx-onDurationTimer and drx-InactivityTimer on FR2.
Observation 4. The coexistence of secondary DRX group and dormancy adaptation may introduce additional scheduling delay and limit the network’s flexibility.
Observation 5. It would be necessary to expect evaluations to justify an introduction of secondary DRX group considering dormancy adaptation is already specified in Rel-16.
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