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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK2][bookmark: OLE_LINK1]To save UE power consumption, RAN2 intended to introduce a secondary DRX group for FR2 with a separate drx-InactivityTimer and drx-onDurationTimer. The agreements made in RAN2 are as follows.
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 
RAN1 received an LS from RAN2 to check the impact of secondary DRX group on RAN1[1]. In this contribution, the impacts are discussed.
Discussion
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[bookmark: OLE_LINK4]Figure 1 Two DRX groups with misaligned Active Time
[image: ]
Figure 2 Two DRX groups with different DRX cycles
The LS does not provide information of how the timers are maintained for the two DRX groups. For the sake of simplicity, it is assumed that the DRX related timer are managed separately for the two DRX groups. If so, it would be possible that the one of the DRX groups is in Active Time, while the other one is outside Active Time, as shown in Figure 1. A more complicated case is shown in Figure 2, in which long DRX cycle is used for one DRX group, while short DRX cycle is applied for the other DRX group as drx-InactivityTimer and short DRX timer run separately. 
Impact on WUS PDCCH
WUS PDCCH with wake-up indication can be used to indicate UE whether to start drx-onDurationTimer or not. According to the agreements and spec 38.213, the WUS PDCCH is configured per cell group, i.e., UE monitors WUS PDCCH at Pcell for CA and Spcell for DC. If the secondary DRX group is introduced, it needs to be discussed first whether to configure WUS PDCCH per DRX group or not.
Observation 1: From RAN1’s perspective, if the secondary DRX group is introduced, it should be discussed first whether to configure WUS PDCCH per DRX group or not.
According to 38.213, WUS PDCCH is located before DRX onduration and UE does not need to monitor WUS PDCCH during DRX Active Time. However, in the scenario shown in Figure 3, when the first DRX group is outside Active Time, the second DRX group is within Active Time and WUS PDCCH is configured in the cell belonging to the first DRX group, UE’s behavior is undefined.
Observation 2: From RAN1’s perspective, when the first DRX group is outside Active Time, the second DRX group is within Active Time and WUS PDCCH is configured in the cell belonging to the first DRX group, UE’s behavior of detecting WUS PDCCH is undefined.
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Figure 3 WUS PDCCH and DRX groups with misaligned Active Time
[bookmark: OLE_LINK3][bookmark: OLE_LINK5]According to 38.213, a wake-up indication conveyed by WUS PDCCH indicates UE whether to start the drx-onDurationTimer for the next long DRX cycle. However, in the scenario shown in Figure 4, when the next DRX cycle for the first DRX group is short DRX cycle, the next DRX cycle for the second DRX group is long DRX cycle and WUS PDCCH is configured in the cell belonging to first DRX group, UE’s behavior is undefined. 
Observation 3: From RAN1’s perspective, when the next DRX cycle for the first DRX group is short DRX cycle, the next DRX cycle for the second DRX group is long DRX cycle and WUS PDCCH is configured in the cell belonging to first DRX group, UE’s behavior of detecting WUS PDCCH is undefined. 
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Figure 4 Configuration of WUS PDCCH and DRX groups with different DRX cycles

[bookmark: OLE_LINK21]Impact on measurement
According to 38.214, UE performs CSI-RS based CSI or RRM measurement during Active Time. With the introduction of secondary DRX group, UE’s behavior needs to be clarified when the Active Time of two DRX groups is misaligned.
Observation 4: From RAN1’s perspective, when the Active Time of two DRX groups is misaligned, UE’s behavior of CSI-RS based measurement is undefined. 
	--------------------38.214 g10----- subclause 5.1.6.1 CSI-RS reception procedure -----------------
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.
--------------------38.214 g10----- subclause 5.1.6.1 CSI-RS reception procedure -----------------



	--------------------38.214 g10----- subclause 5.1.6.1.3	CSI-RS for mobility -----------------
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
--------------------38.214 g10----- subclause 5.1.6.1.3	CSI-RS for mobility -----------------



Impact on CSI reporting
	--------------------38.214 g10----- subclause 5.2.2.5 CSI reference resource definition -----------------
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.
--------------------38.214 g10----- subclause 5.2.2.5 CSI reference resource definition -----------------



According to 38.214, UE performs CSI reporting during Onduration timer when WUS PDCCH is not detected. With the introduction of secondary DRX group, UE’s behavior needs to be clarified when the Onduration of two DRX groups is not aligned.
Observation 5: From RAN1’s perspective, when WUS PDCCH is not detected and the Onduration of two DRX groups is not aligned, UE’s behavior of CSI reporting is undefined.
Conclusion
[bookmark: OLE_LINK14]In this contribution, we discuss the impacts of secondary DRX group and have the following observations and proposals. 
Observation 1: From RAN1’s perspective, if the secondary DRX group is introduced, it should be discussed first whether to configure WUS PDCCH per DRX group or not.
Observation 2: From RAN1’s perspective, when the first DRX group is outside Active Time, the second DRX group is within Active Time and WUS PDCCH is configured in the cell belonging to the first DRX group, UE’s behavior of detecting WUS PDCCH is undefined.
Observation 3: From RAN1’s perspective, when the next DRX cycle for the first DRX group is short DRX cycle, the next DRX cycle for the second DRX group is long DRX cycle and WUS PDCCH is configured in the cell belonging to first DRX group, UE’s behavior of detecting WUS PDCCH is undefined. 
Observation 4: From RAN1’s perspective, when the Active Time of two DRX groups is misaligned, UE’s behavior of CSI-RS based measurement is undefined. 
Observation 5: From RAN1’s perspective, when WUS PDCCH is not detected and the Onduration of two DRX groups is not aligned, UE’s behavior of CSI reporting is undefined.
Reference 
[bookmark: _Ref32471132]R1-2000165, LS on secondary DRX group, RAN2, RAN1#100-e, February 2020
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