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Introduction
In this contribution the configuration of PDCCH monitoring adaptation and C-DRX is discussed further. 
[bookmark: _Toc242573354]Background
RAN2#118-e
WID
The WID clearly states that PDCCH monitoring adaptation is only used when C-DRX is configured [1]: 
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
38.331
In v17.0.0 there was an Editor’s NOTE concerning PDCCH monitoring adaptation and C-DRX configuration:
PDCCH-Config ::=                    SEQUENCE {
…
    searchSpaceSwitchTimer-r17          INTEGER (1..800)             	OPTIONAL,   -- Need R
    pdcch-SkippingDurationList-r17      SEQUENCE(SIZE (1..3)) OF PDCCH-SkippingDuration-r17              
																		OPTIONAL    -- Need R
…
PDCCH-SkippingDuration-r17 ::=      INTEGER (1..800)
· Editor's NOTE: It is FFS whether SSSG switching or PDCCH skipping is only applicable when C-DRX is configured. Wait for further RAN1 clarification.
Offline #074
During RAN2#118-e it was discussed whether PDCCH monitoring adaptation can only be configured when C-DRX is configured [2, 3]. In offline #074 [4] most companies preferred to leave this decision to RAN1:
Summary: 12 out of 14 companies prefer to wait for RAN1 conclusion.
Proposal 4 (12 out of 14): Whether PDCCH monitoring adaptation mechanisms can only be configured when DRX is configured is up to RAN1.
Email #094
In the consolidated RIL list, prepared during post RAN2#118-e email discussion #094 [5], the issue status is postponed:
	ID
	TDoc
	Status 
	Comments
	Description
	Proposed Change

	V146
	R2-2204808
	Postponed
	Discussed in [AT118-e][074][ePowSav] PDCCH skipping (Samsung) with following conclusion:
Chair: then we leave it to RAN1
	This EN on whether SSSG switching or PDCCH skipping applicable only when C-DRX is configured should be removed
	There is no such restriction to limit the SSSG switching or PDCCH skipping applicable only when C-DRX is configured. Meanwhile, there is also no such restriction in RAN1 specification. Thus, we think this EN should be removed.


However the Editor’s NOTE was removed in v17.1.0 of 38.331.
RAN1#109-e
Configuration of PDCCH monitoring adaptation and C-DRX was also discussed during RAN1#109-e. In [6] it was proposed:
Proposal 8: As the work item determines the scope to be DRX Active Time, it should be confirmed that Rel-17 PDCCH monitoring adaptation is configured only together with C-DRX.
Proposal 9: Adopt following TP to Section 10.4 of TS38.213 to reflect the agreement on PDCCH monitoring skipping outside Active Time:

The PDCCH monitoring skipping can be applied only during Active Time [11, TS 38.321].
During email discussion PowSav-02 [7] all companies, except the proponent, indicated to disagree that this is an issue and that this does not need to be discussed. 
There is consensus in RAN1 that PDCCH skipping only applies during Active Time, but RAN1 did not decide yet if the timer is stopped or continues to run when the Active Time ends [7]: 
Agreement
Down-select from the followings,
· Alt-1: The PDCCH skipping applies only in active time. The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not
· Alt-2: The PDCCH skipping applies only in active time. PDCCH skipping is terminated when UE goes into outside active time.
Agreement
· If the UE is indicated a skipping of PDCCH monitoring, UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a positive SR transmission.
Discussion
Status
RAN1 indicated in earlier LS [4] that PDCCH skipping only applies during Active Time: 
· As DCP is monitored only outside active time, it cannot be missed due to PDCCH skipping as skipping applies only in active time.
Such conclusion is obvious because only when the UE is monitoring PDCCH it can receive a skipping command in the DCI with a duration. If the UE is not monitoring PDCCH it cannot receive a skipping command. 
Configuration of PDCCH skipping and C-DRX has been discussed in RAN1, and there is RAN1 consensus that PDCCH skipping is only applicable during Active Time, as stated in the WID. 
Observation 1: RAN1 assumes that PDCCH skipping is only configured when C-DRX is configured.  
RAN1 considered simultaneous configuration of PDCCH skipping and C-DRX not an issue to be discussed further, i.e. this is clear based on the WID. 
RAN1 is only discussing whether the skipping duration timer is stopped or continues to run when the Active Time ends:
Observation 2: RAN1 is discussing whether the skipping duration timer keeps running when the Active Time ends, such that it still may be applicable during a future Active Time, or that the timer should be released.  
During RAN2 offline #074 [2] some companies indicated that RAN1 is discussing whether PDCCH skipping can be applied outside Active Time and to leave the decision whether PDCCH skipping can be configured when C-DRX is not configured to RAN1. However, as explained above, this is not in scope of RAN1 discussions.
Furthermore Active Time is only defined when C-DRX is configured:
Observation 3: Active Time is only defined when C-DRX is configured.  
Way forward
PDCCH skipping is not an alternative to C-DRX, i.e. PDCCH skipping operates on a smaller time scale. For all numerologies the maximum skipping duration is 100 ms, but most likely a smaller duration is configured to not impact the latency too much. 
PDCCH skipping without C-DRX also works in a completely different from C-DRX. With C-DRX the UE is configured via the DRX parameters when to monitor or when it is allowed to sleep dependent on the actual traffic conditions. With C-DRX the UE would be required to continuously monitor, unless there is a skipping command from the NW. So with a short skipping duration for latency reasons, the NW would have to send frequent skipping commands when there is no traffic to enable power saving in the UE. This is not power efficient from a NW perspective. 
Observation 4: If C-DRX is not configured, and a short skipping duration is configured then the NW has to frequently send skipping commands via DCI to enable power saving in the UE when there is no traffic, which increases the NW power consumption.  
Also from a UE perspective it is not beneficial to wake-up frequently to be told to go to sleep again:
Observation 5: When PDCCH skipping without C-DRX it is expected to perform worse from a UE power saving perspective compared to C-DRX without PDCCH skipping because with long sleep periods the UE needs to constantly wake-up.
PDCCH skipping can be considered complementary power saving feature to C-DRX to enable a micro sleep (or light sleep) in the UE which does not impact the latency (see TR 38.840):
Observation 6: PDCCH skipping is not an alternative for C-DRX but it can complementary enable micro sleep
To align with the RAN1 understanding that PDCCH skipping is only applicable during Active Time, it is proposed: 
Proposal 1: Capture in 38.331 that PDCCH monitoring adaptation can only be configured when C-DRX is configured.
Draft TP is provided in Annex A.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss configuration of PDCCH monitoring adaptation and C-DRX: 
Observation 1: RAN1 assumes that PDCCH skipping is only configured when C-DRX is configured.  
Observation 2: RAN1 is discussing whether the skipping duration timer keeps running when the Active Time ends, such that it still may be applicable during a future Active Time, or that the timer should be released.  
Observation 3: Active Time is only defined when C-DRX is configured.  
Observation 4: If C-DRX is not configured, and a short skipping duration is configured then the NW has to frequently send skipping commands via DCI to enable power saving in the UE when there is no traffic, which increases the NW power consumption.  
Observation 5: When PDCCH skipping without C-DRX it is expected to perform worse from a UE power saving perspective compared to C-DRX without PDCCH skipping because with long sleep periods the UE needs to constantly wake-up.
Observation 6: PDCCH skipping is not an alternative for C-DRX but it can complementary enable micro sleep
Proposal 1: Capture in 38.331 that PDCCH monitoring adaptation can only be configured when C-DRX is configured.
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Annex: TP 38.331
[bookmark: _Toc60777296][bookmark: _Toc100930207]–	PDCCH-Config
The IE PDCCH-Config is used to configure UE specific PDCCH parameters or MBS multicast PDCCH parameters such as control resource sets (CORESET), search spaces and additional parameters for acquiring the PDCCH. If this IE is used for the scheduled SCell in case of cross carrier scheduling, the fields other than searchSpacesToAddModList and searchSpacesToReleaseList are absent. If the IE is used for a dormant BWP, the fields other than controlResourceSetToAddModList and controlResourceSetToReleaseList are absent. If this IE is used for MBS CFR, the field downlinkPreemptiom,tpc-PUSCH, tpc-SRS, uplinkCancellation, monitoringCapabilityConfig, and searchSpaceSwitchConfig are absent.
PDCCH-Config information element
-- ASN1START
-- TAG-PDCCH-CONFIG-START

PDCCH-Config ::=                    SEQUENCE {
    controlResourceSetToAddModList      SEQUENCE(SIZE (1..3)) OF ControlResourceSet                      OPTIONAL,   -- Need N
    controlResourceSetToReleaseList     SEQUENCE(SIZE (1..3)) OF ControlResourceSetId                    OPTIONAL,   -- Need N
    searchSpacesToAddModList            SEQUENCE(SIZE (1..10)) OF SearchSpace                            OPTIONAL,   -- Need N
    searchSpacesToReleaseList           SEQUENCE(SIZE (1..10)) OF SearchSpaceId                          OPTIONAL,   -- Need N
    downlinkPreemption                  SetupRelease { DownlinkPreemption }                              OPTIONAL,   -- Need M
    tpc-PUSCH                           SetupRelease { PUSCH-TPC-CommandConfig }                         OPTIONAL,   -- Need M
    tpc-PUCCH                           SetupRelease { PUCCH-TPC-CommandConfig }                         OPTIONAL,   -- Need M
    tpc-SRS                             SetupRelease { SRS-TPC-CommandConfig}                            OPTIONAL,   -- Need M
    ...,
    [[
    controlResourceSetToAddModListSizeExt-v1610 SEQUENCE (SIZE (1..2)) OF ControlResourceSet             OPTIONAL,   -- Need N
    controlResourceSetToReleaseListSizeExt-r16 SEQUENCE (SIZE (1..5)) OF ControlResourceSetId-r16        OPTIONAL,   -- Need N
    searchSpacesToAddModListExt-r16     SEQUENCE(SIZE (1..10)) OF SearchSpaceExt-r16                     OPTIONAL,   -- Need N
    uplinkCancellation-r16              SetupRelease { UplinkCancellation-r16 }                          OPTIONAL,   -- Need M
    monitoringCapabilityConfig-r16      ENUMERATED { r15monitoringcapability,r16monitoringcapability }   OPTIONAL,   -- Need M
    searchSpaceSwitchConfig-r16         SearchSpaceSwitchConfig-r16                                      OPTIONAL    -- Need R
    ]],
    [[
    searchSpacesToAddModListExt-v1700   SEQUENCE(SIZE (1..10)) OF SearchSpaceExt-v1700                   OPTIONAL,   -- Need N
    monitoringCapabilityConfig-v1710    ENUMERATED { r17monitoringcapability }                           OPTIONAL,   -- Need M
    searchSpaceSwitchConfig-r17         SearchSpaceSwitchConfig-r17                                      OPTIONAL,   -- Need R
    pdcch-SkippingDurationList-r17      SEQUENCE(SIZE (1..3)) OF SCS-SpecificDuration-r17                OPTIONAL    -- Cond DRX-ConfigOnly-- Need R
    ]]
}

SearchSpaceSwitchConfig-r16 ::=     SEQUENCE {
    cellGroupsForSwitchList-r16         SEQUENCE(SIZE (1..4)) OF CellGroupForSwitch-r16                  OPTIONAL,   -- Need R
    searchSpaceSwitchDelay-r16          INTEGER (10..52)                                                 OPTIONAL    -- Need R
}

SearchSpaceSwitchConfig-r17 ::=     SEQUENCE {
    searchSpaceSwitchTimer-r17          SCS-SpecificDuration-r17                                         OPTIONAL,   -- Need R
    searchSpaceSwitchDelay-r17          INTEGER (10..52)                                                 OPTIONAL    -- Need R
}

CellGroupForSwitch-r16 ::=          SEQUENCE(SIZE (1..16)) OF ServCellIndex

SCS-SpecificDuration-r17   ::=      INTEGER (1..166)

-- TAG-PDCCH-CONFIG-STOP
-- ASN1STOP

	PDCCH-Config field descriptions

	controlResourceSetToAddModList, controlResourceSetToAddModListSizeExt
List of UE specifically configured Control Resource Sets (CORESETs) to be used by the UE. The network restrictions on configuration of CORESETs per DL BWP are specified in TS 38.213 [13], clause 10.1 and TS 38.306 [26]. The UE shall consider entries in controlResourceSetToAddModList and in controlResourceSetToAddModListSizeExt as a single list, i.e. an entry created using controlResourceSetToAddModList can be modified using controlResourceSetToAddModListSizeExt (or deleted using controlResourceSetToReleaseListSizeExt) and vice-versa. In case network reconfigures control resource set with the same ControlResourceSetId as used for commonControlResourceSet or commonControlResourceSetExt configured via PDCCH-ConfigCommon or via SIB20, the configuration from PDCCH-Config always takes precedence and should not be updated by the UE based on servingCellConfigCommon or based on SIB20.

	controlResourceSetToReleaseList, controlResourceSetToReleaseListSizeExt
List of UE specifically configured Control Resource Sets (CORESETs) to be released by the UE. This field only applies to CORESETs configured by controlResourceSetToAddModList or controlResourceSetToAddModListSizeExt and does not release the field commonControlResourceSet configured by PDCCH-ConfigCommon and commonControlResourceSetExt configured by SIB20.

	downlinkPreemption
Configuration of downlink preemption indications to be monitored in this cell (see TS 38.213 [13], clause 11.2).

	monitoringCapabilityConfig
Configures either Rel-15 PDCCH monitoring capability, Rel-16 PDCCH monitoring capability or Rel-17 PDCCH monitoring capability for PDCCH monitoring on a serving cell (see TS 38.213 [13], clause 10.1). Value r15monitoringcapablity enables the Rel-15 monitoring capability, and value r16monitoringcapablity enables the Rel-16 PDCCH monitoring capability. r17monitoringcapability enables the Rel-17 PDCCH multi-slot monitoring capability. For 480 and 960 kHz SCS, only value r17monitoringcapability is applicable.

	pdcch-SkippingDurationList
Provides one or more values to derive the skipping duration in unit of slots, as specified in TS 38.213 [13], clause 10.4. The DCI which schedules data indicates which of the values is to be applied (see TS 38.213 [13], clause 10.4). For the 15kHz SCS, for each entry, only the first 26 values are valid and correspond to {1, 2, 3, …, 20, 30, 40, 50, 60, 80, 100}. For the 30kHz SCS, for each entry, only the first 46 values are valid and correspond to {1, 2, 3, …, 40, 60, 80, 100, 120, 160, 200}. For the 60kHz SCS, for each entry, only the first 86 values are valid and correspond to {1, 2, 3, …, 80, 120, 160, 200, 240, 320, 400}. For the 120kHz SCS, for each entry, the 166 values correspond to {1, 2, 3, …, 160, 240, 320, 400, 480, 640, 800}. For the 480kHz SCS, for each entry, the 166 values correspond to {4, 8, 12, …, 640, 960, 1280, 1600, 1920, 2560, 3200}. For the 960kHz SCS, for each entry, the 166 values correspond to {8, 16, 24, …, 1280, 1920, 2560, 3200, 3840, 5120, 6400}.

	searchSpacesToAddModList, searchSpacesToAddModListExt
List of UE specifically configured Search Spaces or MBS multicast Search Spaces. The network configures at most 10 Search Spaces per BWP per cell (including UE-specific and common Search Spaces). If the network includes searchSpaceToAddModListExt, it includes the same number of entries, and listed in the same order, as in searchSpacesToAddModList in each of them.

	searchSpaceSwitchConfig
Configuration to control the UE behavior to switch from search space group X back to search space group 0, as specified in clause 10 of TS 38.213 [13]. The network only configures either searchSpaceSwitchConfig-r16 or searchSpaceSwitchConfig-r17 for a UE.

	tpc-PUCCH
Enable and configure reception of group TPC commands for PUCCH.

	tpc-PUSCH
Enable and configure reception of group TPC commands for PUSCH.

	tpc-SRS
Enable and configure reception of group TPC commands for SRS.

	uplinkCancellation
Configuration of uplink cancellation indications to be monitored in this cell (see TS 38.213 [13], clause 11.2A).



	SearchSpaceSwitchConfig field descriptions

	cellGroupsForSwitchList
The list of serving cells which are bundled for the search space group switching purpose (see TS 38.213 [13], clause 10.4). A serving cell can belong to only one CellGroupForSwitch. The network configures the same list for all BWPs of serving cells in the same CellGroupForSwitch.

	searchSpaceSwitchDelay
Indicates the value to be applied by a UE for Search Space Set Group switching; corresponds to the P value in TS 38.213 [13], clause 10.4. The network configures the same value for all BWPs of serving cells in the same CellGroupForSwitch. For 120/480/960 kHz SCS, only values 40,41, ... 52 are valid and the actual value = field value  * SCS/120 kHz i.e. field value 40 corresponds to 40 with 120 kHz SCS, 160 with 480 kHz SCS and 320 with 960 kHz SCS, and so on.

	searchSpaceSwitchTimer
Timer (in unit of slots) to control the UE behavior to switch from search space group X back to search space group 0, as specified in clause 10 of TS 38.213 [13]. For the 15kHz SCS, only the first 26 values are valid and correspond to {1, 2, 3, …, 20, 30, 40, 50, 60, 80, 100}. For the 30kHz SCS, only the first 46 values are valid and correspond to {1, 2, 3, …, 40, 60, 80, 100, 120, 160, 200}. For the 60kHz SCS, only the first 86 values are valid and correspond to {1, 2, 3, …, 80, 120, 160, 200, 240, 320, 400}. For the 120kHz SCS, the 166 values correspond to {1, 2, 3, …, 160, 240, 320, 400, 480, 640, 800}. For the 480kHz SCS, the 166 values correspond to {4, 8, 12, …, 640, 960, 1280, 1600, 1920, 2560, 3200}. For the 960kHz SCS, the 166 values correspond to {8, 16, 24, …, 1280, 1920, 2560, 3200, 3840, 5120, 6400}.



	Conditional Presence
	Explanation

	DRX-ConfigOnlhy
	This field is optionally present for the cell group, Need R, if DRX-Config is present in MAC-CellGroupConfig for the cell group. Otherwise this field is absent.



