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Introduction
The secondary DRX group was initially discussed in RAN2#110-e meeting and technique endorsed in TEI-16. In RAN#88-e, it was confirmed that secondary DRX group is introduced in Rel-16. RAN2 CRs for secondary DRX group were approved and send an LS to RAN1 for the question of impacts on the RAN1 specs with introducing of secondary DRX group [2]. RAN1 could not reach consensus on potential impacts of all aspects in RAN1 but outline the common understanding of RAN1 specification impact for the feature interaction between secondary DRX group and DCP/SCell dormancy in [3].  During the email discussion in RAN#89-e, there was support of the joint configuration between DRX group and WUS or SCell dormancy to have additional power saving benefits.  However, no conclusion was made on the support of joint configuration of secondary DRX group and WUS/SCell dormancy in the summary of email discussion [1].
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]The idea of introducing secondary DRX group for UE power saving is to enable independent operation of DRX between two groups when UE is configured with CA, in particular when carrier contains both FR1 and FR2 cells. Since FR2 Cell has shorter slot duration with large SCS than that of FR1 cell, shorter drxInactivityTimer and OnDurationTimer can be configured for FR2 to enable the FR2 cells to go to sleep earlier when there is no data expected to arrive in short interval and thereby reduce power consumption. Besides drxInactivityTimer and OnDurationTimer, the other DRX parameters are common to the DRX groups including drx-SlotOffset, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-LongCycleStartOffset, drx-ShortCycle (optional), drx-ShortCycleTimer (optional), drx-HARQ-RTT-TimerDL, and drx-HARQ-RTT-TimerUL. 
In this contribution, we analyze the feature interaction between DRX group and DRX adaptation with DCP or SCell dormancy.
The impact on the wake-up indication to DRX adaptation

The Secondary DRX group has the impact on the reception of DCI format 2_6 with CRC scrambled by PS_RNTI (DCP) when UE is configured with both DRX adaptation and secondary DRX group for UE power saving. Secondary DRX group is introduced to achieve the power saving gain by allowing the cell with shorter drxOnDurationTimer and drxInactivityTimer transitioning from Active Time to DRX OFF earlier when there is no data reception and transmission. Since the drxInactivityTimer is triggered after the data reception or transmission, the Active Time would be extended over the interval indicated by drxOnDurationTimer, which is shown in Figure.1.


[bookmark: _Ref57460215]Figure 1Two DRX group configurations with different active time


[bookmark: OLE_LINK40][bookmark: OLE_LINK43]For UE power saving with DRX adaptation as in TS38.213 [8], UE monitors DCI format 2_6 before DRX ON outside Active Time at the PCell in CA or SpCell in DC. Although the secondary DRX group is introduced targeting for FR2 SCell(s) with shorter InactivityTimer and OnDurationTimer for fast sleep, UE might have bursty traffic received at the SCells and the Active time is extended.  The PCell completes the data reception and transition to outside Active Time.  The secondary DRX group of FR2 SCells is still within Active Time.   The Active Time of the secondary DRX group is extended and might overlap the monitoring occasion of DCI format 2_6.   In this case, additional procedures need to be specified on UE behavior of DCI format 2_6 monitoring when PCell is outside Active time and cells in the secondary DRX group are still in extended Active Time. If the procedure is decided for UE not to monitor the DCP for the invalid monitoring occasion when secondary DRX group has the extended Active Time overlapped with the monitoring occasion of DCI format 2_6 at the PCell, the legacy UE behavior of DRX operation will be performed. It would result in the unnecessary power consumption since there might not new data arrival in the following DRX cycle. If the enhanced procedure is for UE to monitor the DCI format 2_6 during extended Active Time of secondary DRX group UE behavior needs to be specified when UE receives DCI format 2_6 and the subsequent action in starting OnDurationTimer or not as shown in Figure2. The feature interaction between UE power saving with DRX adaptation and secondary DRX needs to be analyzed in detail.


Figure 2The impact on the wake-up indication for the active time of the two DRX groups

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK38][bookmark: OLE_LINK39]Observation 1: The Secondary DRX group has potential impact to the DCP monitoring of DRX adaptation when  the Active Time of the two DRX groups are extended independently.
The impact on the SCell dormancy indications
The difference in grouping between the SCell dormancy groups and secondary DRX groups would have some impacts on the SCell dormancy indication. The SCell dormancy group and DRX groups are configured independently by higher layer singling. For the SCell dormancy group configuration, it is designed to indicate one or more SCells within the group to perform the dormancy behavior together to minimize the overhead. The secondary DRX group is configured to allow those SCells in the group (mainly cells in FR2) to transition to outside Active Time quickly to save unnecessary power consumption.  Thus, the SCells in the same SCell dormancy group might be divided into the different DRX groups as shown in Figure3. When SCell dormancy group 1 is indicated by DCP to transition to dormancy state, the SCell 2 in this dormancy group 1 would still be at the Active Time for monitoring PDCCH in case for the bursty traffic arrival with extended InactivityTimer and OnDurationTimer parameters.  UE is unaware whether to perform the BWP switching for the SCell 2.  Therefore, the feature interaction between UE power saving with DRX adaptation and secondary DRX needs to be discussed in detail. 


Figure 3: The impact on the SCell dormancy indications for the inconsistence between SCell dormancy group and DRX group

The UE behavior of BWP switching needs to be further investigated and specified even when the grouping of SCells for SCell dormancy and secondary DRX groups are aligned as shown in Figure 4.   SCell 1 is configured to be group 1 of SCell dormancy and primary DRX group.   SCell 2 is configured to be group 2 of SCell dormancy and secondary DRX group.   When SCell 2 in the secondary DRX group is in the state of outside Active time and PCell/SCell 1 are within Active time, the UE behavior of the BWP switching for SCell 2 outside Active Time needs to be specified when UE receives SCell dormancy indication from DCI format 1_1 at PCell.   



[bookmark: _Ref57460221]Figure 4: UE behavior of BWP switching for SCell dormancy when secondary DRX group is outside Active Time.




[bookmark: _Hlk57464579]Observation 2: The Secondary DRX group has the impact to the UE behavior of BWP switching when received SCell dormancy indications for different grouping between the SCell dormancy group and DRX group.

The impact on the UE channel state measurements and reports
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]The misalignment of the Active Time between primary and secondary DRX groups would have some impacts on the UE channel state measurements and reports. When PCell is outside Active time, UE will not be able to perform P-CSI/L1-RSRP measurements outside configured DRX On period and send the P-CSI/L1-RSRP report on PUCCH at PCell. In particular, the missing information of L1-RSRP for beam management would deteriorate dynamic beamforming performance of FR2 SCells. Although gNB could trigger aperiodic L1-RSRP report from PUSCH on cells in the secondary cell group, the reliability of the PUSCH transmission on secondary cell group might not be as good, especially for the cells in FR2.  In addition, the HARQ-ACK feedback on PUCCH needs to be configured two PUCCHs with one for primary DRX group and the other for secondary DRX group. The PUCCH configured for the HARQ-ACK feedback in the secondary DRX group with large SCS would have Tx power limitation, in particular for cells in FR2. The performance and coverage impact of PUCCH carrying HARQ-ARQ on the secondary DRX group needs to investigate. The feature interaction between UE power saving with DRX adaptation and secondary DRX needs to be analyzed in detail.
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]
Observation 3: The misalignment of the Active Time between primary and secondary DRX group would have some impacts on the UE channel state measurements and reports.
Misalignment of the long DRX cycles between two DRX groups
When long and short DRX cycle are configured for two DRX groups, misalignment of long /short DRX cycle between primary DRX and second DRX caused by different traffic load will occur as shown in Figure 5.  PDCCH monitoring occasion of DCI format 2_6 is only associated with the long DRX cycle, which is only configured for long DRX cycle on Primary DRX group in the Figure 4. We can find that there is no WUS MO before long DRX cycle of secondary DRX group. On the other hand, when the beginning of the long DRX cycle in primary DRX group is aligned with that of short DRX cycle in secondary DRX group, UE needs to monitor DCI format 2_6 before short DRX cycle of the secondary DRX group. In this case, joint configuration of DCI format 2_6 and second DRX group has significant impact on the detection of power saving signal.


Figure 5: Two DRX groups with configuration of long and short DRX cycles
Observation 4: The misalignment of the long DRX cycle between primary and secondary DRX groups would have some impacts on the detection of power saving signal.
Conclusion
The feature interaction between secondary DRX group and DRX adaptation/SCell dormancy is analyzed with the following observations,
· Observation 1: The Secondary DRX group has potential impact to the DCP monitoring of DRX adaptation when the Active Time of the two DRX groups are extended independently.
· Observation 2: The Secondary DRX group has the impact to the UE behavior of BWP switching when received SCell dormancy indications for different grouping between the SCell dormancy group and DRX group.
· Observation 3: The misalignment of the Active Time between primary and secondary DRX group would have some impacts on the UE channel state measurements and reports.
· Observation 4: The misalignment of the long DRX cycle between primary and secondary DRX groups would have some impacts on the detection of power saving signal.

The amount of standardization works in RAN working group is not trivial.  If RAN agrees to support the feature interaction between secondary DRX group and DRX adaptation/SCell dormancy, additional TUs need to be allocated for the impacted working group without compromising any existing WI or potential TEI.   
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