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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]An LS (R1-2000165) [1] was sent to RAN1 to ask RAN1 to confirm whether there is no RAN1 impact, or little impact that is acceptable if a secondary DRX group is introduced. There was some discussion in RAN1#100-e meeting. However, no consensus was reached on how to reply the LS during last RAN1#100-e meeting considering different views on the identified RAN1 impact. In this contribution, the RAN1 impact due to the introduction of secondary DRX group is identified. 
	RAN2 reached the following agreements in RAN2#108: 
[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 


[bookmark: _Ref129681832]Regarding the reply LS
Before the discussion to identify the RAN1 impact, it should be noticed that the secondary DRX group is discussed under the Rel-16 TEI in RAN2. Even though the incoming LS asked RAN1’s view on the RAN1 impact, it is not a proper procedure to have detailed discussion in RAN1 especially regarding the solution on how to resolve the identified RAN1 impacts. 
According to the discussion in the last meeting, it is clear that a number of companies observes that there are RAN1 impacts. Unfortunately, there is still some view that there is no RAN1 impact.
In light of this situation, RAN1 should not use more time on this issue and if there is no consensus, RAN1 does not need to reply the LS.
Analysis of the RAN1 impact of the secondary DRX group
The introduction of secondary DRX group is to enable the serving cells in one DRX group to go to sleep early for power saving and meanwhile the traffic can be served in the other DRX group. For example, the drx-onDurationTimer and drx-InactivityTimer for the secondary DRX group can be configured to be smaller than that for the primary DRX group. The PDCCH monitoring on the secondary DRX group could be reduced when the traffic in the secondary DRX group is sporadic, as depicted below.
[image: ]
Figure 1: FR1 cells in the primary DRX group and FR2 cells in the secondary DRX group [1]
Regarding the potential RAN1 impact of the secondary DRX group, it is very clear that there is RAN1 impact on the wake-up signal (WUS, i.e., DCI format 2_6) since WUS that has been introduced in Rel-16 interacts with DRX. 
In addition, in CA scenario, the SCell dormancy indication is also introduced to reduce power consumption on SCells especially for the SCell in FR2. Therefore, it is natural to use these two features together for FR2 power saving if the secondary DRX group would be introduced. The potential issue needs to be studied if the secondary DRX group and the SCell dormancy indication are configured simultaneously. 
On the other hand, the CSI measurement and CSI report are affected by the drx-onDurationTimer and Active Time in current RAN1 specification. The two DRX groups would result in different combinations of the states for drx-onDurationTimers and drx-InactivityTimers on the primary and secondary DRX groups. Hence, the impact on CSI measurement/report due to the introduction of the secondary DRX group is also expected if the secondary DRX group is introduced.
Impact on DCI format 2_6
In Rel-16, the DCI format 2_6 has been introduced for power saving to indicate UE whether to start the drx-onDurationTimer for DRX cycle. For example, UE may not start the drx-onDurationTimer if the “wake-up indication bit” is “0” and shall start the drx-onDurationTimer if the “wake-up indication bit” is “1”.
Since a second drx-onDurationTimer is to be introduced for the secondary DRX group, it is natural to study the interrelation between the DCI format 2_6 and the two drx-onDurationTimers.
In our view, several potential options are listed below.
· Option 1: Reuse the one WUS design and use the one “wake-up indication bit” to control both drx-onDurationTimers simultaneously.
· Option 2: Reuse the one WUS design and introduce a new “wake-up indication bit” in DCI format 2_6 to independently control the new introduced drx-onDurationTimer-2.
· Option 3: Use the current WUS for the primary DRX group and design a separate WUS for the secondary DRX group. 
Apparently, Option 1 is simple and requires small RAN1 specification change. In comparison, Option 2 can control the two drx-onDurationTimers more flexibly and hence can achieve more power saving. Besides, for Option 3, although the two drx-onDurationTimers can also be flexibly controlled, UE consumes more power by monitoring an additional WUS compared with Option 2. 
Observation 1. RAN1 impact is expected regarding how the WUS indicates the behaviour of starting of the two drx-onDurationTimers respectively if the secondary DRX group is introduced, which may impact the design of DCI format 2_6.
Besides, in legacy single DRX configuration, the monitoring behavior of DCI format 2_6 is impacted by the Active Time which includes the running of drx-onDurationTimer and drx-InactivityTimer: UE only monitors DCI format 2_6 outside Active Time. If the monitoring occasion of DCI format 2_6 occurs in Active Time, UE does not monitor DCI format 2_6 and starts the following drx-onDurationTimer according to current agreements for Rel-16 power saving.
Note that, the two DRX groups separately control their DRX timers, i.e. drx-onDurationTimers and drx-InactivityTimers. Then, for the option that only one WUS DCI is transmitted on the PCell, it should be determined whether the UE should monitor the DCI format 2_6 when only one of the two DRX groups is within the Active Time at the monitoring occasion(s) of DCI format 2_6. This problem includes two cases as depicted below.
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Figure 2a                                                                      Figure 2b
Figure 2a: the primary DRX group is within Active Time and the secondary DRX group is outside Active Time. 
Figure 2b: the primary DRX group is outside Active Time and the secondary DRX group is within Active Time.
· For the scenario in Figure 2a
Following the design of Rel-16 WUS, UE shall not monitor the DCI format 2_6 when the corresponding WUS occasions on the PCell is within Active Time. That is because RAN1#98bis has agreed that UE does not monitor the WUS if the active BWP where the WUS is configured is within Active Time.  
	Agreements in RAN1#98bis:
The following working assumption is confirmed:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   


Then, the next issue is to decide whether the UE should start the drx-onDurationTimer-1 and/or drx-onDurationTimer-2 at their next occasions if there is no available WUS occasions to be monitored. For the drx-onDurationTimer-1, the UE can start the drx-onDurationTimer-1 at its next occasion as in legacy for the purpose of reducing traffic latency. However, for the drx-onDurationTimer-2, whether this timer should start at its next occasion when there is no valid WUS monitoring occasion on PCell needs to be carefully considered, which is similar as the discussion for the UE behavior when there is no available WUS occasion in case of single DRX group. For example, a power efficient option would be that UE does not start drx-onDurationTimer-2 by default and decides whether to start it based on the higher layer signaling. 
· For the scenario in Figure 2b
In the scenario of Figure 2b, we observe no issue if UE monitors the DCI format 2_6 on PCell which is outside Active Time, and it is also consistent with the above agreement in RAN1#98bis. Then, UE can determine whether to start the two drx-onDurationTimers based on the detection of DCI format 2_6. 
However, some additional RAN1 impact is expected regarding whether to start the two drx-onDurationTimers if UE does not detect DCI format 2_6 on all the monitoring occasions. For instance, for the primary DRX group, the current higher layer signaling of “ps-WakeupOrNot” can be reused to determine whether to start drx-onDurationTimer-1. For the secondary DRX group, it is not clear on whether the same higher layer parameter “ps-WakeupOrNot” or a new separate parameter to be configured is used to determine the starting behavior of drx-onDurationTimer-2. There is also another alternative that UE always starts drx-onDurationTimer-2 if this scenario happens. 
Therefore, regardless of which case of Figure 2a and Figure 2b happens, RAN1 impacts which would cause more discussion in RAN1 are observed to decide whether to start the secondary drx-onDurationTimer if the DCI format 2_6 is not detected. 
Observation 2. RAN1 impact which would cause more RAN1 work is observed regarding whether a monitoring occasion is monitored to detect DCI format 2_6 if the monitoring occasion is transmitted in case of:
· Case 1: primary DRX group is within Active Time and secondary DRX group is outside Active Time;
· Case 2: primary DRX group is outside Active Time and secondary DRX group is within Active Time;
Observation 3. RAN1 impacts which would cause more RAN1 work are observed to decide whether to start the secondary drx-onDurationTimer if the DCI format 2_6 is not detected in case of:
· DCI format 2_6 is not detected on all monitoring occasions;
· There is no available monitoring occasion to be monitored before the ON duration. 
Impact on SCell dormancy behavior
In CA scenario, the SCell dormancy indication is introduced to reduce power consumption on SCells especially in FR2. In our companion paper [2], we have shown that it is not clear of the power saving benefit by introducing the secondary DRX group when the SCell dormancy indication scheme is applied. Due to the unclear power saving benefit, it would be necessary to expect evaluations to justify an introduction of secondary DRX group considering dormancy adaptation is already specified in Rel-16.. 
This contribution focuses on identifying the RAN1 impact if the secondary DRX group and the SCell dormancy indication are configured simultaneously. Two typical scenarios in Figure 3 and Figure 4 can be discussed respectively.
Assuming the SCells in the secondary DRX group are also configured with dormancy indication. As shown in Figure 3, when the PCell is in Active Time, the dormancy indication can always indicates UE to skip the PDCCH monitoring for a SCell regardless whether the SCell is in the secondary DRX group or not. It seems the secondary DRX group does not provide any benefit in the scenario of Figure 3.
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Figure 3: the dormancy indication can always indicates UE to skip the PDCCH monitoring for a SCell regardless whether the SCell is in the secondary DRX group or not. 
Another scenario when secondary DRX group is configured is shown in Figure 4, in which the PCell is outside Active Time and the secondary DRX group is within Active Time. The SCell dormancy indication for the SCells in the secondary DRX group cannot be transmitted since the SCell dormancy indication is carried by the DCI formant 0_1/1_1 sent on the PCell, which is outside Active Time. For the secondary DRX group, there would be some SCells in the dormant BWP, however, the network may need to schedule PDSCHs on the SCells for the case when new data arrives. The network cannot use these SCells for transmitting PDSCH until next long DRX cycle and receiving another indication in DCI format 0_1/1_1 or DCI formant 2_6 that switches the dormant BWP to a non-dormant BWP. In this case, it seems performance loss, e.g. the latency impact, is introduced due to the introduction of secondary DRX group in addition to the dormancy indication.
[image: ]
Figure 4: DCI carrying the SCell dormancy indication cannot be transmitted when PCell is outside Active Time while the secondary DRX group is within Active Time.
Hence, based on the above analysis, we have the following observation.
Observation 4. Performance would be impacted when the secondary DRX group is introduced in addition to the dormancy indication in some scenarios. 
[bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref29301707]Impact on CSI measurement/report
In Rel-16, when DCI format 2_6 is configured and UE does not start the drx-onDurationTimer based on the detection of DCI format 2_6, the specification regarding the CSI measurement and CSI reporting have been agreed to be updated in TS 38.214 as given in the Appendix [3]. As per the specification, if the higher layer configures to report periodic CSI/L1-RSRP, UE shall perform periodic CSI/L1-RSRP measurement and report during the ON duration even if UE does not start the corresponding drx-onDurationTimer.
For the case of the secondary DRX group, when the DCI format 2_6 is configured, it should be discussed in RAN1 regarding how to perform the periodic CSI/L1-RSRP measurement and report for the cells configured with the secondary DRX group if the corresponding drx-onDurationTimer-2 is not started. For the cells in the primary DRX group, the legacy behavior can apply, i.e., if configured, UE performs periodic CSI/L1-RSRP measurement/report during the on duration determined by drx-onDurationTimer-1 when drx-onDurationTimer-1 is not started.
For simplicity, in the following, we denote by the “primary ON duration” the on duration determined by drx-onDurationTimer-1, and denote by the “secondary ON duration” the on duration determined by drx-onDurationTimer-2.
When drx-onDurationTimer-2 is not started, as shown in Figure 5, it is still not clear in which ON duration UE should perform the CSI/L1-RSRP measurement for the cells in the secondary DRX group: Opt.1) the primary ON duration or Opt.2) the secondary ON duration. It would introduce RAN1 work to decide which option should be adopted. 
[image: ] 
Figure 5: periodic CSI/L1-RSRP measurement for the cells in the secondary DRX group when drx-onDurationTimer-2 is not started.
Assume the above Opt.2 is adopted, i.e., UE performs periodic CSI/L1-RSRP measurement during the secondary ON duration when drx-onDurationTimer-2 is not started. A following question would be how to determine the time duration during which the CSI/L1-RSRP for the cells in the secondary DRX group are reported. In the following analysis, the PUCCH cell is assumed to be configured in the primary DRX group.
If the UE is configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot/PS_Periodic_L1-RSRP_TransmitOrNot] to report CSI/L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' when drx-onDurationTimer-2 is not started, two alternatives can be considered:
· Alt.1: UE reports periodic CSI/L1-RSRP for the cells in the secondary DRX group during the time duration indicated by the primary drx-onDurationTimer ;
· Alt.2: UE reports periodic CSI/L1-RSRP for the cells in the secondary DRX group only during the time duration indicated by the secondary drx-onDurationTimer. 
Similarly, RAN1 work would be introduced to further discuss whether Alt.1 or Alt.2 should be adopted.
According to the above analysis, we have the following observation.
Observation 5. RAN1 impacts which would cause more RAN1 work are observed to determine how to perform the periodic CSI/L1-RSRP measurement and report for the cells in the secondary DRX group when DCI format 2_6 is configured and drx-onDurationTimer-2 is not started. 
Considering all the analysis in above subsections, it is observed that RAN1 impact is substantial. However, considering the core-part of Rel-16 finished in RAN1, the RAN1 impact due to the secondary DRX group is not acceptable and should not be discussed in Rel-16 TEI.
Proposal 1: If secondary DRX group is introduced, RAN1 impact is substantial and should not be discussed in Rel-16 TEI.
Proposal 2: Send reply LS to inform RAN2 the identified RAN1 impact is not acceptable.
Conclusion
Based on the discussions, we have the following observations and proposal regarding RAN1 impact due to the introduction of secondary DRX group:
Observation 1. RAN1 impact is expected regarding how the WUS indicates the behaviour of starting of the two drx-onDurationTimers respectively if the secondary DRX group is introduced, which may impact the design of DCI format 2_6.
Observation 2. RAN1 impact which would cause more RAN1 work is observed regarding whether a monitoring occasion is monitored to detect DCI format 2_6 if the monitoring occasion is transmitted in case of:
· Case 1: primary DRX group is within Active Time and secondary DRX group is outside Active Time;
· Case 2: primary DRX group is outside Active Time and secondary DRX group is within Active Time;
Observation 3. RAN1 impacts which would cause more RAN1 work are observed to decide whether to start the secondary drx-onDurationTimer if the DCI format 2_6 is not detected in case of:
· DCI format 2_6 is not detected on all monitoring occasions;
· There is no available monitoring occasion to be monitored before the ON duration. 
Observation 4. Performance would be impacted when the secondary DRX group is introduced in addition to the dormancy indication in some scenarios. 
Observation 5. RAN1 impacts which would cause more RAN1 work are observed to determine how to perform the periodic CSI/L1-RSRP measurement and report for the cells in the secondary DRX group when DCI format 2_6 is configured and drx-onDurationTimer-2 is not started. 
Proposal 1: If secondary DRX group is introduced, RAN1 impact is substantial and should not be discussed in Rel-16 TEI.
Proposal 2: Send reply LS to inform RAN2 the identified RAN1 impact is not acceptable.
Appendix
TS 38.214 v16.1.0 [3]
	5.1.6.1           CSI-RS reception procedure
*** Other text is omitted ***
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.



	5.2.2.5 CSI reference resource definition
*** Other text is omitted ***
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.
*** Other text is omitted ***


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref527624302][bookmark: _Ref7446860]R1-2000165, “LS on secondary DRX group”, RAN1 #100-e, Ericsson.
R1-2002577, “Other Remaining issues for Rel-16 Power saving”, RAN1 #100bis-e, Huawei, Hisilicon. 
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