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1	Introduction
RAN2 discussed introduction of a secondary DRX group with Carrier Aggregation in NR during RAN2#108 and made the following conditional agreements:
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. 
RAN1 received an LS [1] from RAN2 to check if this feature can be introduced under TEI16 with no or limited impact to RAN1 specifications.
In this contribution, we discuss the potential impact of a secondary DRX group on the RAN1 specifications.
[bookmark: _Ref178064866]2	Discussion
RAN2 has discussed a power saving enhancement when both FR1 and FR2 cells are configured via Carrier Aggregation. With this enhancement the FR2 cells can be configured with a separate (and shorter) drx-InactivityTimer and drx-OnDurationTimer compared to the FR1 cells. The length of Long DRX cycle and Short DRX cycle, if configured, are common for both FR1 and FR2. This enhancement enables the FR2 cells to go to sleep more quickly and thereby reduce power consumption as depicted below: 
[image: ] 
Figure 1: Secondary DRX: the values of drx-InactivityTimer and the drx-OnDurationTimer are different on the different cells.
First, it is important to note that DRX does not have a large impact on the RAN1 specifications. Obviously, the description of physical channels and signals are independent of DRX [2]. The same is true for the multiplexing and channel coding [3], as well as the physical layer measurements [6]. 
In this contribution, we scrutinize [4] and [5] to identify any potential impact of secondary DRX.
2.1	Potential impacted areas
2.1.1		Measurements and measurement reporting
Turning our attention DRX is mentioned in a few places in [5] in relation to measurements:
· CSI measurements
· Measurements on CSI-RS for mobility
Here we note that the specification text is written for one cell: the measurements are performed per cell, and the reference to DRX active time applies to the cell where the measurements are performed: the DRX active time for any other cell is irrelevant. For CSI measurements, the relevant paragraphs in 38.214 are
Excerpt from 38.214, subclause 5.1.6.1:
If the UE is configured with DRX, 
-	if  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to 'periodic' when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported;
-	if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter[PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to cri-RSRP when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer also outside DRX active time for CSI to be reported;
-	otherwise, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.

and
Excerpt from 38.214, subclause 5.2.2.5:
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to 'periodic' when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in Clause 5.2.1.4 if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP' when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4 and when reportQuantity set to 'cri-RSRP' if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise.

Another relevant part of subclause 5.2.2.5 is the following:
Excerpt from 38.214, subclause 5.2.2.5:
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to 'periodic' when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in Clause 5.2.1.4 if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP' when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4 and when reportQuantity set to 'cri-RSRP' if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise.

The highlighted part of the above text explains that the UE may be configured to report periodic CSI or L1-RSRP outside active time, during the time duration indicated by drx-onDurationTimer.  It is clear from that context that this refers to the cell over which the CSI is reported, i.e., the transmission time of the corresponding PUCCH must be inside the (potentially shorter) drx-onDurationTimer of the cell over which the CSI or L1-RSRP is reported.
For measurements on CSI-RS for mobility, the same is true: the measurements are – obviously – performed on the cell where the reference signals are transmitted, and the DRX active time on other cells is irrelevant:
[bookmark: _Toc37347705]CSI measurements and measurements on CSI-RS for mobility only depend on the DRX state of the cell where the measurements are performed.
2.1.2	Wake-up signal
The DCI 2-6 monitoring related behaviour is specified in 38.213 subclause 10.3. Introducing secondary DRX should mainly impact MAC operation and no changes to the DCI format 2-6 design are needed. Also, as per RAN2 LS [R1-2001507], RAN1 specs should not specify behaviour related to the start of drx-onDurationTimer and Active Time. So, introduction of secondary DRX shouldn’t have significant RAN1 spec impact in any case. However, the level of impact depends somewhat on RAN2 decisions. 
[bookmark: _Toc37347706]There is no significant impact on WUS when combined with secondary DRX.
However, we also note that there is no current agreement in RAN2 to simultaneously support WUS and secondary DRX. To minimize the impact on RAN1 specifications, simultaneous configuration of WUS and secondary DRX can be excluded.
[bookmark: _Toc37347707]Since there is no agreement in RAN2 to simultaneously support WUS and secondary DRX, that combination can be excluded.
2.1.3	SCell dormancy
The dormancy related behaviour is specified in 38.213, primarily in subclause 10.3. When there are two DRX groups, a UE may receive an indication of dormancy/non-dormancy transition when it is in DRX off, since the primary cell may be in active time. The same aspect is relevant for SCell activation: the UE may receive a MAC CE to activate/deactivate an SCell when that SCell is in DRX off, since the primary cell may be in active time. Any solution developed for SCell activation would then also be applicable to SCell dormancy:
[bookmark: _Toc37347708]Any solution developed for SCell activation/deactivation in combination with secondary DRX can be reused also for SCell dormancy.
In any case, we note that any issue can be avoided by gNB implementation: the gNB would simply only send an indication of dormancy/non-dormancy transition when the corresponding SCell is in active time. The UE would thus not expect any indication of dormancy/non-dormancy transition when the corresponding SCell is in DRX off.
Since the complications can be avoided by NW implementation, we observe:
[bookmark: _Toc37347709]There is no RAN1 impact when dormancy and secondary DRX are configured together.
2.2	Summary
The potential impact on secondary DRX on the RAN1 specification has been investigated. In summary, we observed that
[bookmark: _Ref37347682][bookmark: _Toc37347710]The RAN1 impact of introducing secondary DRX is very small as long as the secondary DRX and WUS are not configured simultaneously.
Based on the above observation, we propose
[bookmark: _Ref37347672][bookmark: _Toc37347865]Capture Observation 6 in the LS response to RAN2.
A draft LS response is provided in [8].
Conclusion
In the previous sections we made the following observations: 
Observation 1	CSI measurements and measurements on CSI-RS for mobility only depend on the DRX state of the cell where the measurements are performed.
Observation 2	There is no significant impact on WUS when combined with secondary DRX.
Observation 3	Since there is no agreement in RAN2 to simultaneously support WUS and secondary DRX, that combination can be excluded.
Observation 4	Any solution developed for SCell activation/deactivation in combination with secondary DRX can be reused also for SCell dormancy.
Observation 5	There is no RAN1 impact when dormancy and secondary DRX are configured together.
Observation 6	The RAN1 impact of introducing secondary DRX is very small as long as the secondary DRX and WUS are not configured simultaneously.
Based on the above observations, we propose
[bookmark: _In-sequence_SDU_delivery]Proposal 1	Capture Observation 6 in the LS response to RAN2.
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