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Introduction
RAN2 discussed introduction of a secondary DRX group with Carrier Aggregation in NR during RAN2#108 and made the following conditional agreements [1-4]:
[bookmark: _Hlk29730888]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. 
An LS was sent to RAN1 and RAN4 [5] to check if this feature can be introduced under TEI16 with no or limited impact that is acceptable on other WGs. 
In this contribution the open issues of the secondary DRX group are discussed further. 
[bookmark: _Toc242573354]Background information in CSI-RS measurements and CSI reporting
The reader familiar with CSI-RS measurements and CSI reporting may skip this chapter.
The CSI-RS configuration, to enable CSI-RS measurements, can be periodic, semi-persistent or aperiodic. The CSI reporting can be configured to be periodic, semi-persistent or aperiodic as well. 
Periodic CSI reporting can only be configured with periodic CSI-RS configuration. Semi-persistent CSI reporting can be configured with periodic or semi-persistent CSI-RS configuration. Aperiodic CSI reporting can be configured with all three types of CSI-RS configuration: 
	
	Periodic reporting
	Semi-persistent reporting
	Aperiodic reporting

	Periodic CSI-RS
	No dynamic activation
reporting on PUCCH
	Dynamic via DCI on PUSCH
Dynamic via MAC CE on PUCCH
	Dynamic via DCI on PUSCH

	Semi-persistent CSI-RS
	Not supported
	Dynamic via DCI on PUSCH
Dynamic via MAC CE on PUCCH
	Dynamic via DCI on PUSCH

	Aperiodic CSI-RS
	Not supported
	Not supported
	Dynamic via DCI on PUSCH


Aperiodic CSI reporting is always triggered via DCI. Semi-persistent CSI reporting can be triggered via DCI (reporting on PUSCH) or MAC CE (reporting on PUCCH). There is no dynamic activation for periodic CSI reporting. Periodic CSI reporting is always on PUCCH, while aperiodic CSI reporting is always on  PUSCH. The UE can report CSI from any serving cell of the cell group via PUCCH or PUSCH. 
The UE is only required to measure CSI-RS during Active Time, as specified in section 5.1.6.1 in 38.214:
If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.
The UE uses the most recent CSI measurement during Active Time to report. 
To report CSI the UE must have a CSI-RS measurement occasion during Active Time, otherwise the report is dropped (i.e. the UE does not send CSI report), as specified in section 5.2.2.5 in 38.214:
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.
In case of periodic CSI-RS the UE always has a recent CSI-RS measurement during Active Time, i.e. the report is not dropped. In case of aperiodic CSI-RS (i.e. one-shot measurement) when it happens that the CSI-RS measurement occasion does not happen during Active Time the report is dropped. 
Example 1: in case of periodic CSI-RS and periodic CSI reporting it may happen that the UE reports a CSI-RS measurement from the previous Active Time, when there is no CSI-RS measurement occasion in the beginning of the current Active Time i.e. most recent CSI-RS measurement during Active Time is reported. 
Example 2: in case of aperiodic CSI-RS and aperiodic CSI reporting, when the CSI report is requested at the end of the Active time, while the corresponding CSI-RS measurement occasion happens outside Active Time, the CSI report is dropped. 
Example 3: in case of periodic CSI-RS and aperiodic CSI reporting, when the CSI-RS measurement occasion following the CSI request is outside Active Time, the UE would report the most recent CSI-RS measurement during Active Time. 
The UE does not report periodic or semi-persistent CSI outside Active Time. But the UE sends aperiodic CSI report outside Active Time when the corresponding CSI-RS measurement occasion happened during Active Time, i.e. “when such is expected” (see section 5.7 in 38.321):
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, and aperiodic SRS defined in TS 38.214 [7] when such is expected.
Due to UE processing latency there is a short ambiguity period (determined as 4 ms) for the UE to determine if it is in Active Time [6], see section 5.7 in 38.321:
[bookmark: _Hlk32215796]1>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7];
2>	not report CSI on PUCCH and semi-persistent CSI configured on PUSCH.
Impact on other WGs
RAN2 has to wait for the outcome of the discussion in RAN1 [7] and RAN4 [8,9] about the possible impact of secondary DRX group.
Discussion on open issues
Shorter drx-InactivityTimer and drx-onDurationTimer for the secondary DRX group
Whether the timers for the secondary DRX group should be configured shorter than the corresponding timers for the legacy DRX group was noted as an open issue during RAN2#108.
In case a secondary DRX group is configured with FR1 and FR2 cells via CA it is assumed that the FR2 timers are configured shorter than the FR1 timers to save power in FR2, i.e. this is the main driving use case for this enhancement. It is not clear if there would be use cases in the future that would require longer timer values for the secondary DRX group. Furthermore the NW can choose which cells to configure in the secondary DRX groups:
[bookmark: _Hlk31642786]Proposal 1: The network configures a shorter drx-InactivityTimer and drx-onDurationTimer for the secondary DRX group compared to the default DRX group.
Legacy and secondary DRX group in different band or different FR
The FR1 and FR2 configuration via CA is the main driving use case, and in such case the FR2 cells would be configured in the secondary DRX group. Furthermore the UE power savings is obtained mainly when the legacy and secondary DRX group use different transceivers/RF chains in the UE. In case the serving cells in legacy and DRX group are in different frequency ranges, the allowed interruption of FR2 deactivation on FR1 cells is already captured in RAN4 specifications. This is not the case when the legacy and DRX group are in different bands, but the same frequency range. For these reasons it is proposed: 
Proposal 2: All serving cells in the secondary DRX group shall belong to one Frequency Range and all serving cells in the legacy DRX group shall belong to another Frequency Range.
drx-ShortCycleTimer and secondary DRX group
RAN2 agreed that a different drx-InactivityTimer and drx-onDurationTimer can be configured for the secondary DRX group. This enables FR2 to drop into non-active more quickly compared to FR1, and this would benefit power savings in FR2. 
In case traffic is scheduled on FR1 only, and short DRX is configured, FR2 should not be kept in short DRX while there is traffic on FR1 only. The purpose with the secondary DRX group is to enable FR2 to go into non-active more quickly and save power. Without introducing a second drx-ShortCycleTimer the secondary dRX group can go into Long DRX independent from the legacy DRX group by using a second instance of the drx-ShortCycleTimer (similar as when a separate instance of retransmission/HARQ timers is applied per HARQ process): 
Proposal 3: If configured, the drx-ShortCycleTimer is handled per DRX group, i.e. (re-)started when drx-InactivityTimer of the DRX group expires.
CSI-RS measurements and CSI reporting with secondary DRX group
To keep it simple, the legacy CSI-RS measurement requirements and CSI reporting requirements should apply with secondary DRX group, i.e. no optimizations should be considered. 
The default and secondary DRX group can be in different Active Times. The CSI-RS measurement requirements and CSI reporting requirements should thus be applied per DRX group:
Observation 1: The UE is only required to measure CSI-RS during Active Time of the DRX group
Observation 2: The UE is only required to report CSI when the DRX group configured with PUCCH/PUSCH for reporting is in Active Time, except for aperiodic SRS and aperiodic CSI on PUSCH when such is expected.
In case PUCCH/PUSCH is configured in both DRX groups, the CSI-RS measurements and CSI reporting are identical to legacy, except that they are handled per DRX group. 
In case PUCCH/PUSCH is only configured in the default DRX group the UE only reports measurements from the secondary group when the CSI-RS measurement occasion was during Active Time in the secondary DRX group: 
[image: ]
Figure 1: Example where UE continues to report most recent FR2 measurements on FR1 while FR2 is outside Active Time and FR1 is in Active Time.
In 38.321 it is captured that the UE shall not transmit SRS nor report CSI when the UE is outside Active Time. In case of secondary DRX group this implies that the UE shall not transmit SRS nor report CSI when the DRX group where SRS or CSI is transmitted is outside Active Time: 
Proposal 4: The UE shall not transmit SRS when the DRX group where SRS is transmitted is outside Active Time, except for aperiodic SRS when such is expected. 
Proposal 5: The UE shall not report CSI when the DRX group where CSI is transmitted is outside Active Time, except for aperiodic CSI on PUSCH when such is expected.
Wake-Up Signal and secondary DRX group
There was no clear consensus whether DCP (DCI with CRC scrambled by PS-RNTI) should be supported with secondary DRX group or not [1]. Some companies indicated that this is feasible, but other companies indicated that certain aspects would require further discussion. It is not clear whether there is a strong benefit to support both power saving features simultaneously. 
Therefore DCP and secondary DRX group should only be supported when companies can agree on a simple and straightforward way of using DCP with secondary DRX, i.e. further enhancements are out of scope and there should be no impact on the REL-16 NR UE power saving: 
Proposal 7: DCP with secondary DRX group can be supported when a simple solution without further enhancements can be agreed and there is no impact on the progress in REL-16 NR UE power saving.
When the UE wakes-up in default and secondary DRX group the UE wakes-up at the same time, i.e. the start of the OnDurations is aligned, which enables a simple use of DCP with secondary DRX group, i.e. DCP applies to both groups. Obviously the UE should only monitor the DCP on the SpCell of the legacy DRX group during Active Time. 
[bookmark: _Hlk31651335]The secondary DRX group is assumed to be an optional feature, and UE capability signalling is required to enable the NW to configure secondary DRX group.
CRs to 38.306, 38.321 and 38.331, excluding DCP support, are provided for discussion and agreement [10-12].
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss secondary DRX group: 
Proposal 1: The network configures a shorter drx-InactivityTimer and drx-onDurationTimer for the secondary DRX group compared to the default DRX group.
Proposal 2: All serving cells in the secondary DRX group shall belong to one Frequency Range and all serving cells in the legacy DRX group shall belong to another Frequency Range.
Proposal 3: If configured, the drx-ShortCycleTimer is handled per DRX group, i.e. (re-)started when drx-InactivityTimer of the DRX group expires.
Proposal 4: The UE shall not transmit SRS when the DRX group where SRS is transmitted is outside Active Time, except for aperiodic SRS when such is expected. 
Proposal 5: The UE shall not report CSI when the DRX group where CSI is transmitted is outside Active Time, except for aperiodic CSI on PUSCH when such is expected.
Proposal 7: DCP with secondary DRX group can be supported when a simple solution without further enhancements can be agreed and there is no impact on the progress in REL-16 NR UE power saving.
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