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Introduction
The following topics are discussed in this contribution:
· RAN1 feedback on PDCCH skipping
· PDCCH skipping while SR is pending
· RIL C183
· RIL Z054/Z055
· RIL E133
· RIL V146
· UE assistance
[bookmark: _Toc242573354]Background
RAN2 asked RAN1 a couple of questions [1]:
Following agreements were made in RAN2#116bis-e:
1. UE ignores PDCCH skipping while the SR is pending.
2. If PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window, the UE ignores PDCCH skipping during the RAR/MsgB window.
3. UE ignores PDCCH skipping while contention resolution timer is running.

Question 1: RAN2 would like to know whether PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window for RAR/MsgB reception.
Question 2: RAN2 would like to know if RAN1 prefers to capture the above agreements in RAN1 specification or prefer these to be captured in MAC specification.
RAN2 also discussed the impact of PDCCH skipping on DCP monitoring. If DCP monitoring occasions overlap with PDCCH skipping duration, UE cannot monitor DCP. To address this, RAN2 has discussed following approaches:
Approach 1: If UE can not monitor DCP due to PDCCH skipping, physical layer of UE does not report Wake-up indication bit to higher layer. Higher layer reuses the ps-Wakeup to determine whether to start the drx-onDurationTimer or not.
Approach 2: If UE can not monitor DCP due to PDCCH skipping, physical layer of UE reports a value of 1 for Wake-up indication bit to higher layer.
Approach 3: PDCCH skipping only applies in Active Time and hence DCP cannot be missed due to PDCCH skipping.
Question 3: RAN2 would like to ask RAN1 whether a) Physical layer of UE reports a value of 1 for Wake-up indication bit to higher layer or b) Physical layer of UE does not report Wake-up indication bit to higher layer, in case UE cannot monitor DCP due to PDCCH skipping; or if Approach 3 can be assumed.
RAN2 also discussed potential impact on CSI/SRS transmissions due to PDCCH skipping.
Question 4: RAN2 would like to know whether UE should continue transmitting CSI/SRS during the PDCCH skipping duration or not? 
RAN2 captured in chapter 11 "UE power saving" in 38.300 [2] for PDCCH skipping:
UE Power saving may also be achieved through PDCCH skipping mechanism when configured by the network. In this case UE does not monitor PDCCH during the PDCCH skipping duration. However, in the following cases, UE ignores PDCCH skipping
-	on all serving cells of the corresponding Cell Group when SR is sent and is pending.
-	on SpCell while contention resolution timer is running.
-	on SpCell during monitoring of the RAR/MsgB window.
No changes were made to 38.321.
RAN1 replied to the RAN2 questions [2]:
Answer 1: Yes, PDCCH skipping can be applied to C-RNTI(s) and MCS-C-RNTI(s) in at least Type3 PDCCH CSS and USS monitored during RAR/MsgB window for RAR/MsgB reception based on RAN1 agreements till RAN1#107bis-e.
Answer 2: 
RAN1 would discuss and conclude how to capture the above RAN2 agreements in RAN1 specification.
· It is RAN1 understanding PDCCH skipping is not applied to perform PDCCH monitoring during RAR window/MsgB window/contention resolution timer or when SR is pending.
Answer 3: 
· It is RAN1 understanding that for DRX operation, 
· As DCP is monitored only outside active time, it cannot be missed due to PDCCH skipping as skipping applies only in active time.
Note: RAN1 is discussing whether PDCCH skipping duration can apply to outside active time.
Answer 4: It is RAN1’s understanding that transmission of CSI/SRS is not affected by PDCCH skipping i.e. CSI/SRS is still transmitted during the skipping duration.
Concerning PDCCH skipping and pending SR it was agreed in RAN2#117-e:
· P1: UE ignores PDCCH skipping on all serving cells of the corresponding CG while SR is pending (FFS if “all” can be further restricted). 
Discussion
RAN1 feedback on PDCCH skipping
RAN1 indicates [2] that initially RAN1 agreed that certain RNTIs can be skipped during RAR/MsgB window, however RAN1 later clarifies [2] that RAN1 aligns with the RAN2 agreement that UE does not skip PDCCH during RAR/MsgB window. RAN1 indicated that it would further discuss where these RAN2 agreements should be captured (in RAN1 specifications or MAC specification): 
Proposal 1: Remove the following requirements from 38.300 and put them in section 5.7 in 38.321:
However, in the following cases, UE ignores PDCCH skipping:
-	on all serving cells of the corresponding Cell Group when SR is sent and is pending;
-	on SpCell while contention resolution timer is running;
-	on SpCell during monitoring of the RAR/MsgB window.

RAN1 is likely to capture a reference to RAN2 specifications (e.g. to section 5.7 in 38.321) concerning PDCCH skipping exceptions, i.e. RAN2 should inform RAN1 about these changes.
RAN1 indicated that PDCCH skipping only applies during Active Time, and DCP is only applicable outside Active Time, i.e. therefore DCP cannot be missed due to PDCCH skipping: 
Observation 1: There is no RAN2 specification impact for DCP and PDCCH skipping.
RAN1 indicated that CSI-RS/SRS is not affected by PDCCH skipping. This implies that the UE reports CSI-RS/SRS as normal when there is skipping, i.e. there is no RAN2 specification impact:
Observation 2: There is no RAN2 specification impact for CSI-RS/SRS and PDCCH skipping.
RAN1 may further discuss whether PDCCH skipping may apply during the next OnDuration, e.g. the skipping duration extends after the end of the Active Time into the following OnDuration. Whatever RAN1 decides (e.g. skipping terminates after the end of the Active Time, or it is applicable in the next OnDuration), this does not impact RAN2 specifications. The PDCCH skipping is a L1 function that is invisible to the MAC layer and does not impact Active Time. This modelling approach is similar to the L1 dormant BWP which is also not visible to MAC but influences the PDCCH monitoring requirements of the UE.
PDCCH skipping while SR is pending
There is an open issue whether the UE ignores PDCCH skipping on all serving cells of the cell group when SR is pending, or whether this can be further restricted. 
The UE can send a scheduling request on the serving cell where PUCCH resources are configured, typically the SpCell. After sending the SR the UE monitors PDCCH on all serving cells of the cell group for a reply from the gNB, i.e. downlink assignment including uplink grant to enable uplink data transmission. 
The potential additional power savings when the UE does not monitor all serving cells of the cell group is expected to be limited, because PDCCH monitoring when SR is pending is not the typical use case. Most of the power savings is expected when no further uplink or downlink traffic during the Active Time. Furthermore the gNB should retain the flexibility to handle the uplink traffic on the preferred serving cell in response to the scheduling request from the UE. It is also not obvious which (hard coded) restriction to apply, i.e. it is important to retain the scheduling flexibility: 
Proposal 2: The UE ignores PDCCH skipping on all serving cells when SR is pending.
RIL C183
It is proposed to use SetupRelease type structure for searchSpaceSwitchTimer-r17 and pdcch-SkippingDurationList-r17 IEs (with Need code R) in PDCCH-Config:
1
PDCCH-Config ::=                    SEQUENCE {
    controlResourceSetToAddModList      SEQUENCE(SIZE (1..3)) OF ControlResourceSet                      OPTIONAL,   -- Need N
…
    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)

SetupRelease type structure is beneficial for complex/big structures only: 
Proposal 3: Use SetupRelease type structure for pdcch-SkippingDurationList-r17
RIL Z054/Z055
Concerning the maximum range of searchSpaceSwitchTimer and PDCCH-SkippingDuration:
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)

further agreements were reached during RAN1#108-e:
Working Assumption (Excerpted from RAN#107bis-e)
· The bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS
Agreement
· The 480kHz and 960kHz SCS are also supported for Rel-17 PDCCH monitoring adaptation.
Agreement
· It is up to B52.6GHz to deicide the values for candidate skipping values and SSSG switching initial timer values.
The maximum value for searchSpaceSwitchTimer-r17 and PDCCH-SkippingDuration-r17 parameters for UE power saving work item is 6400, as indicated in the RAN1 parameter list [4]:
{1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
{1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,
{1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
{1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS
{4,8,12,…,640, 960, 1280,1600, 1920, 2560,3200} for 480kHz SCS
{8,16,24,…,1280, 1920, 2560,3200, 3840, 5120,6400} for 960kHz SCS
Proposal 4: Change the value range for searchSpaceSwitchTimer-r17 and PDCCH-SkippingDuration-r17 to 6400, and clarify in the field description for which SCS these extended ranges are valid. 
RIL E133
For 71GHz RAN1 indicated to extend the value range of the existing searchSpaceSwitchTimer (i.e. searchSpaceSwitchTimer-r16) [1]: 
PDCCH-ServingCellConfig ::=         SEQUENCE {
    slotFormatIndicator                 SetupRelease { SlotFormatIndicator }                                …
    searchSpaceSwitchTimer-r16          INTEGER (1..80)        OPTIONAL    -- Need R
…
	searchSpaceSwitchTimer
The value of the timer in slots for monitoring PDCCH in the active DL BWP of the serving cell before moving to the default search space group (see TS 38.213 [13], clause 10.4). For 15 kHz SCS, {1..20} are valid. For 30 kHz SCS, {1..40} are valid. For 60kHz SCS, {1..80} are valid. The network configures the same value for all serving cells in the same CellGroupForSwitch.


for 120/480/960KHz with 120/640/1280 respectively. It is understood that these extensions apply to unlicensed spectrum, and should thus apply to searchSpaceSwitchTimer-r16: 
Agreement
For operation with shared spectrum channel access, define 160/640/1280 slots as the maximum value of searchSpaceSwitchTimer for 120/480/960 kHz SCS, respectively.
See proposed corrections in running CR 38.331 for 71 GHz [5]:
PDCCH-ServingCellConfig ::=     SEQUENCE {
    slotFormatIndicator             SetupRelease { SlotFormatIndicator }     OPTIONAL, -- Need M
    ...,
    [[
    availabilityIndicator-r16       SetupRelease {AvailabilityIndicator-r16} OPTIONAL,-- Need M
    searchSpaceSwitchTimer-r16      INTEGER (1..80)                          OPTIONAL -- Need R
    ]],
    [[
    searchSpaceSwitchTimer-v17xy    INTEGER (81..1280)                       OPTIONAL -- Need R
    ]]
}
	PDCCH-ServingCellConfig field descriptions

	availabilityIndicator
Use to configure monitoring a PDCCH for Availability Indicators (AI).

	searchSpaceSwitchTimer
The value of the timer in slots for monitoring PDCCH in the active DL BWP of the serving cell before moving to the default search space group (see TS 38.213 [13], clause 10.4). 
For 15 kHz SCS, {1..20} are valid. 
For 30 kHz SCS, {1..40} are valid. 
For 60 kHz SCS, {1..80} are valid. 
For 120 kHz SCS, {1..160} are valid.
For 480 kHz SCS, {1..640} are valid.
For 960 kHz SCS, {1..1280} are valid.
The network configures the same value for all serving cells in the same CellGroupForSwitch.

	slotFormatIndicator
Configuration of Slot-Format-Indicators to be monitored in the correspondingly configured PDCCHs of this serving cell.


RIL V146
There is an editor's note
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.
PDCCH skipping is not an alternative to C-DRX, i.e. PDCCH skipping operates on a smaller time scale. PDCCH skipping can be considered complementary power saving feature to C-DRX:
Proposal 5: PDCCH monitoring adaptation is only configured when C-DRX is configured. 
UE assistance
When the UE indicates that it supports PDCCH skipping and/or search space switching, then the NW has the possibility to allow the UE to refrain from PDCCH monitoring during Active Time for up to 100 ms. But during Active Time the UE is expected to have new UL or DL data shortly, otherwise the UE would have entered DRX. 
The NW may have observed idle periods during Active Time for UEs in connected mode, i.e. obtained a time distribution when the last data has been acknowledged and the first uplink/downlink data is announced again. Based on such information the NW could decide what skipping durations to configure and use. But requirements may different between UEs and connections, dependent on what type of service is required.
The gNB can use the QoS information of the DRB if available, e.g. not configure skipping for a Delay Critical GBR, or use the Packet Delay Budget of a non-GBR to set the skipping duration (e.g. MC-PTT, V2X, Low Latency eMBB, see 23.501). 
But whatever information is available to configure the skipping durations, there is a possibility that the gNB allows the UE to monitor for e.g. 50 ms, but new data arrives during the skipping duration and the new data is delayed: 
Observation 3: PDCCH skipping and search space switching may increase the latency. 
The UE can of course decide not to report the UE capability for skipping/switching, but perhaps the UE can tolerate latency for some connections/services, but not for others: 
Proposal 6: Introduce preferred skipping duration in UEAssistanceInformation message.
The assistance signalling should follow the normal assistance signalling requirements:
· The preferred skipping duration is triggered upon configuration and change
· When signalled the UE starts a prohibitTimer
RAN2 can discuss further if the preferred skipping duration can also be used as a preferred periodicity in case of search space switching.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss PDCCH monitoring adaptation: 
Proposal 1: Remove the following requirements from 38.300 and put them in section 5.7 in 38.321:
However, in the following cases, UE ignores PDCCH skipping:
-	on all serving cells of the corresponding Cell Group when SR is sent and is pending;
-	on SpCell while contention resolution timer is running;
-	on SpCell during monitoring of the RAR/MsgB window.

Observation 1: There is no RAN2 specification impact for DCP and PDCCH skipping.
Observation 2: There is no RAN2 specification impact for CSI-RS/SRS and PDCCH skipping.
Proposal 2: The UE ignores PDCCH skipping on all serving cells when SR is pending.
Proposal 3: Use SetupRelease type structure for pdcch-SkippingDurationList-r17
Proposal 4: Change the value range for searchSpaceSwitchTimer-r17 and PDCCH-SkippingDuration-r17 to 6400, and clarify in the field description for which SCS these extended ranges are valid. 
Proposal 5: PDCCH monitoring adaptation is only configured when C-DRX is configured. 
Observation 3: PDCCH skipping and search space switching may increase the latency. 
Proposal 6: Introduce preferred skipping duration in UEAssistanceInformation message.
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