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Discussion and decision
1 Introduction

This contribution discusses the remaining open items to enable the feature that allows the triggering the “wake up” of UEs in RRC_CONNECTED upon reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer [1] considering RAN2#107 agreements.

1. The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 

2. The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.

3. The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.

4. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.

5. From RAN2 point of view the UE does not monitor WUS during active time.

6. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.

7. The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 

8. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)
2 Discussion

2.1 Reception operation of PDCCH-WUS
The 4th agreement listed above explains the expected UE impact to the drx-onDurationTimer from the WUS feature. It is clearly captured that when PDCCH-WUS indicates the UE to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, UE starts the drx-onDurationTimer at that next occasion (which would follow legacy C-DRX behaviour). However, when UE does not receive the PDCCH-WUS (or PDCCH-WUS does not address to that given UE for group-based PDCCH-WUS configuration), UE does not start the drx-onDurationTimer at its next occasion (which would change legacy C-DRX behaviour).
Observation 1. The following is the understanding from RAN2#107 related agreement: when UE does not receive the PDCCH-WUS (or PDCCH-WUS does not address to that given UE for group-based PDCCH-WUS configuration), UE does not start the drx-onDurationTimer at its next occasion (which would change legacy C-DRX behaviour).

2.2 C-DRX cycle length and PDCCH-WUS feature
PDCCH-WUS feature is only enabled when using C-DRX, as captured in the 2nd agreement listed above, however it should be discussed whether it is only applicable to long C-DRX cycles or also to short C-DRX cycles. 

TR 38.840 [2] captured the following on the applicability of WUS for the short and/or long C-DRX cycles.

"Because NR system supports high speed data transport, the bursty user data would be served by network in very short durations.  One efficient UE power saving mechanism is to trigger UE for network access from power efficient mode.     UE would stay in the power efficient mode, such as micro sleep or OFF period in the long DRX cycle, unless it is informed of network access through UE power saving framework. Alternatively, network can assist the UE to switch from the "network access" mode to the "power efficient" mode when there is no traffic to deliver, e.g. dynamic UE transition to sleep with network assistance signal."

Our understanding is that RAN1 simulation assumptions/results related for the new PDCCH-WUS mainly target the usage of long C-DRX cycles. On other hand, if PDCCH-WUS were used with short C-DRX cycles, upon drx-ShortCycleTimer expiry, UE’s behaviour on the 1st ON duration may add some complexity when the corresponding 1st PDCCH-WUS occasion happened while UE was still using short C-DRX cycles (i.e. just before transitioning to long C-DRX cycles). Considering this and that UE’s power saving when using PDCCH-WUS and short C-DRX cycles were not evaluated during the SI phase, RAN2 could take the assumption that PDCCH-WUS is only used with long C-DRX cycles unless RAN1 indicates otherwise.
Proposal 1. PDCCH-WUS feature is used when operating in long C-DRX cycles (and not with short C-DRX cycles unless RAN1 requests otherwise). 

2.3 Mis-detection of PDCCH-WUS
RAN2 also captured in the conclusions of the TR 38.840 [2] that it should be discussed the expected UE behavior in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose. During the SI phase, it was explained that RAN1 defined the WUS design/performance, but RAN2 also needs to discuss about the need of a recovery mechanisms in RAN2 side to address the scenario when PDCCH-WUS mis-detection were to happen (referring to the scenarios where UE cannot detect PDCCH-WUS in multiple consecutive PDCCH-WUS locations). The following options could be considered for the PDCCH-WUS mis-detection:

Option (1). Rely in legacy procedures. For a UE in RRC_CONNECTED, this could be the usage of DataInactivityTimer (which upon its expiry triggers the UE to move into RRC_IDLE) or RLF (which triggers the UE to do reestablishment).

Option (2). Define a new timer that defines the frequency when UE should monitor one or multiple ON duration to guarantee that UE always monitors PDCCH as legacy during the ON duration time in case the network were trying to reach the UE.

Option (3). Define a periodic network transmission of the PDCCH-WUS to enable some form of keep alive message to guarantee that UE and network are still in synced. 

PDCCH-WUS feature is defined to reduce UE's power consumption, however this will be negatively impacted if UE had to monitor periodically legacy ON duration, as per option (2). Moreover option (2) may not address the mis-detection concern as the network would only contact to UE if there is any DL traffic waiting to be sent. Option (3) could solve this as it would help guaranteeing that the UE and network are synched when monitoring WUS for long periods of time. On other hand, from RAN1 design/discussion, the target missed detection rate (MDR) for WUS is only 10-3 which is met in excess with current design. Therefore option (1) is sufficient unless RAN1 requests otherwise.

Proposal 2. RAN2 will not address any mis-detection of PDCCH-WUS unless RAN1 indicates its needs, i.e. UE relies in legacy procedures e.g. the usage of DataInactivityTimer (which upon its expiry triggers the UE to move into RRC_IDLE) or RLF (which triggers the UE to do reestablishment). 

2.4 Notification of SI/PWS change and PDCCH-WUS
It was proposed in RAN2#107 to discuss the notification handling of SI change or PWS when using PDCCH-WUS feature. The following options are possible: (1) legacy behavior is kept (i.e. UE in CONNECTED is expected to monitor paging periodically, as shown in related reference from TS 38.331 below) or (2) WUS carriers related notification information. 
“UEs in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space on the active BWP to monitor paging, as specified in TS 38.213 [13], clause 13.”
“ETWS or CMAS capable UEs in RRC_CONNECTED shall monitor for indication about PWS notification in any paging occasion at least once every defaultPagingCycle if the UE is provided with common search space on the active BWP to monitor paging.”
Moreover, in our understanding, RAN1 is considering that paging DCI could be monitored in parallel to WUS when required by a UE. Therefore, no new solution is required unless RAN1 indicates otherwise. 

Proposal 3. RAN2 assumes that a UE using WUS can still rely on legacy mechanism to receive notifications of SI or PWS change (as other paging DCI can be received in parallel to PDCCH-WUS).
2.5 TS 38.321 impacts from PDCCH-WUS
RAN2 should also discuss the PDCCH-WUS impacts, if any, to the MAC TS 38.321 considering the behaviour explained in previous sections and that RAN1 TS will capture actual PDCCH-WUS monitoring and reception mechanism. The following options are possible:

Option (1). WUS feature is transparent. This option could be possible as legacy DRX procedure currently refers to RAN1 TS when capturing that PDCCH is monitored (e.g. "monitor the PDCCH as specified in TS 38.213") as RAN1 procedural text may exclude the monitoring of specific subframes. 

Option (2). Lower layer indicates the reception of WUS. For a UE configured with PDCCH-WUS, the lower layers inform upper layers upon reception of PDCCH-WUS trigger, so MAC starts the drx-onDurationTimer. This could be captured in TS 38.321 as shown in the following example:

1>
if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or

1>
if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:

2> if UE is configured with WUS and current WUS location happened while MAC Entity is not in Active Time:

3> if lower layer indicates WUS trigger is received for this UE:
4>
start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.

2> else
3>
start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.

1>
if the MAC entity is in Active Time:

2>
monitor the PDCCH as specified in TS 38.213;

This question is more as a modelling preference as both options are feasible. The related objective from this Rel-16 PWS WI [1] captured that the PDCCH-WUS triggers the MAC entity to wake up for the monitoring of PDCCH reception in corresponding ON duration, as shown above. Therefore, the understanding is that there might be slightly preference towards option 2 where lower layer indicates the reception of WUS in order to start the drx-onDurationTimer excluding the case when UE was not able to monitor the WUS location.

Proposal 4. For a UE configured with PDCCH-WUS, TS 38.321 captures the new trigger start condition of the drx-onDurationTimer taken as reference the exemplary TP shown in option 2 of section 2.5.

2.6 Configuration of PDCCH-WUS
The information of the PDCCH-WUS configuration should be determined by RAN1 as part of their design, however RAN2 could already discuss how this information should be captured in the ASN.1 and how to show its relation with C-DRX understanding that RAN2 agreed on the following point captured in TR 38.840 [2] during the SI phase.

"The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX i.e. it is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies."

One could think that PDCCH-WUS configuration should be defined with DRX-Config as part of the MAC-CellGroupConfig (as DRX-Config cannot be extended). However, RAN1 has agreed that PDCCH-WUS is monitored by a configured UE in common search space (e.g. GC DCI). Therefore PDCCH-config might be a more suitable location as it is where the configuration of other GC DCIs is provided, as shown in reference below.
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

    ...,

   [[

    wus-Config                        SetupRelease { WUS-Config }                      OPTIONAL    -- Need M

    ]]

}

-- TAG-PDCCH-CONFIG-STOP

-- ASN1STOP

	PDCCH-Config field descriptions

	controlResourceSetToAddModList
List of UE specifically configured Control Resource Sets (CORESETs) to be used by the UE. The network configures at most 3 CORESETs per BWP per cell (including UE-specific and common CORESETs). In case network reconfigures control resource set with the same ControlResourceSetId as used for commonControlResourceSet configured via PDCCH-ConfigCommon, the configuration from PDCCH-Config always takes precedence and should not be updated by the UE based on servingCellConfigCommon.

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

	searchSpacesToAddModList
List of UE specifically configured Search Spaces. The network configures at most 10 Search Spaces per BWP per cell (including UE-specific and common Search Spaces).

	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.

	wus-Config

Enable and configure PDCCH-WUS operation as specified in TS 38.321 and TS 38.213. The network configures this field only if drx-Config is configured.


In addition, this new PDCCH-WUS configuration should also be included as part of information that can be provided between nodes (in "Inter-node RRC messages" section 11.2 of TS 38.331), however it might be better to further on PDCCH-WUS design to determine whether this new configuration needs to also be sent as part of the SCG radio configuration.
Proposal 5. The new field of the PDCCH-WUS configuration is defined in PDCCH-config as optionally present, if UE is configured with drx-Config. Details on the new PDCCH-WUS configuration are up to RAN1. 

3 Conclusion

The observations captured are the following:
Observation 1.
The following is the understanding from RAN2#107 related agreement: when UE does not receive the PDCCH-WUS (or PDCCH-WUS does not address to that given UE for group-based PDCCH-WUS configuration), UE does not start the drx-onDurationTimer at its next occasion (which would change legacy C-DRX behaviour).


The proposals captured are the following:
Proposal 1.
PDCCH-WUS feature is used when operating in long C-DRX cycles (and not with short C-DRX cycles unless RAN1 requests otherwise).
Proposal 2.
RAN2 will not address any mis-detection of PDCCH-WUS unless RAN1 indicates its needs, i.e. UE relies in legacy procedures e.g. the usage of DataInactivityTimer (which upon its expiry triggers the UE to move into RRC_IDLE) or RLF (which triggers the UE to do reestablishment).
Proposal 3.
RAN2 assumes that a UE using WUS can still rely on legacy mechanism to receive notifications of SI or PWS change (as other paging DCI can be received in parallel to PDCCH-WUS).
Proposal 4.
For a UE configured with PDCCH-WUS, TS 38.321 captures the new trigger start condition of the drx-onDurationTimer taken as reference the exemplary TP shown in option 2 of section 2.5.
Proposal 5.
The new field of the PDCCH-WUS configuration is defined in PDCCH-config as optionally present, if UE is configured with drx-Config. Details on the new PDCCH-WUS configuration are up to RAN1.
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