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Discussion and decision
1 Introduction

This contribution discusses RAN2 open aspects to be addressed in order to enable the following feature [1]:
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode.
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer.
NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope
Based on RAN2 agreements captured in TR 38.840 [2] during the SI phase, the expected behaviours of this new PDCCH-based power saving signal that indicates a UE when to wake-up for the monitoring of its ON duration (for simplicity, this new feature is referred as WUS) are the following:

· WUS is considered jointly with DRX (i.e. it is only configured when DRX is configured). 

· If WUS is not configured, the legacy DRX operation applies. 

· If WUS is configured:

· WUS is monitored at a known location before the start of the drx-onDurationTimer.
· WUS reception indicates the UE to monitor PDCCH during the corresponding ON duration (i.e. if WUS is not received, UE is allowed to skip that monitoring).
· WUS has no impact on DRX timers except for the drx-onDurationTimer.

2 Discussion

2.1 C-DRX cycle and WUS feature

Before discussing the RAN2 impact, it would be good to align the understanding on the WUS's usage in relation to the short and/or long C-DRX cycles. TR 38.840 [2] captured the following.

"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."
In addition, our understanding is that RAN1 simulation assumptions/results related for the new WUS mainly target the usage of long C-DRX cycles; therefore RAN2 could take this assumption unless RAN1 indicates otherwise.
Proposal 1. WUS feature is used when operating in long C-DRX cycles (and not with short C-DRX cycles). 

2.2 DRX ON duration impacts from WUS feature
For the ON duration, RAN1#97 agreements from the related summary [3] were: 
"Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 

FFS a single vs. multiple durations, particularly checking consistency with RAN2 agreements"
RAN2 agreements from the SI phase indicate that WUS indication only applies to the single consecutive ON duration, as it was also captured by RAN2 in TR 38.840 [2].  

"The PDCCH-based power saving signal/channel for wake-up purpose can indicate the UE to monitor or skip the PDCCH during the next occurrence of the drx-onDurationTimer. In the latter case, the UE does not start the drx-onDurationTimer at its next occasion. From higher layer perspective, in order to minimize the rate of such PDCCH-based power saving signal/channel transmission from the network, the preference is that the PDCCH-based power saving signal/channel for wake-up purpose is used to indicate to the UE to wake up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer."
Furthermore the motivation to define this new WUS feature is reducing unnecessary UE's monitoring of PDCCH. If WUS would require the UE to be awake for multiple N consecutive ON durations, the UE consumes power unnecessarily (which is not the intention of this feature) and the power consumption benefit is smaller or even marginal. Moreover it may be difficult for the network to predict whether DL data is expected for the following multiple ON duration. The only scenario when this case would be potentially helpful is when gNB has the DL data stored for a given UE but the gNB is congested (e.g. gNB could not allocate DL resources in current ON duration or cannot send the WUS applicable to the corresponding UE). Therefore it is not clear the advantage for UE or the actual network need to enable this scenario that could be deemed as a future enhancement if this is seen necessary.
Proposal 2. WUS reception indicates a UE to wake up for the monitoring of the PDCCH during corresponding a single next ON duration (and not multiple ON durations), as it was also captured by RAN2 in TR 38.840. 

2.3 Active time collision with WUS

RAN2 captured in the conclusions of the TR 38.840 [2] that it should be discussed the expected UE behavior when WUS collides with any event part of legacy Active Time (e.g. DRX Inactivity timer). On this topic, RAN1 sent the LS [4] that explains the intention of introducing WUS outside of the UE's active time, as shown in reference below. 
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured

· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel

Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time

· Following the principle of Rel-15 search space configuration

· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time

· FFS whether UE can further monitor the search space set(s) inside Active Time

The CORESET for the PDCCH-based power saving signal/channel outside Active Time can be configured to index to at least one of the CORESET(S) configured for other PDCCH monitoring 

· FFS whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel (i.e., not be used for other PDCCH monitoring) 

· FFS whether or not to increase the number of CORESETs relative to that in Rel-15

· FFS whether or not a BWP is dedicated for PDCCH-based power saving signal/channel

For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format with the power saving information for the UE in the DCI configurable by RRC

· FFS whether the DCI is in UESS or CSS or both
· FFS detailed configuration of the power saving information

· FFS the new DCI format

· Note: the same DCI may carry power saving information for one or more UEs

RAN1 design aims to define the WUS location not colliding with UE's active time, therefore RAN2 may only need to discuss few cases defined in TS 38.321 and that might not always be under RAN1 knowledge/control. 
Observation 1. RAN1 design aims to avoid collisions between the WUS location and any event part of legacy UE's Active Time, however we recommend RAN2 to also discuss related events defined in TS 38.321 that might be out of RAN1 scope.

TS 38.321 defines the UE's active time as follow:

"When a DRX cycle is configured, the Active Time includes the time while:

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in clause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clause 5.1.4)."
Excluding the ON durations, all other events that are part of the UE's active time could potentially collide with the location where WUS is to be sent. In some cases, network could avoid this kind of collision when providing the UE's configurations for the WUS but in other cases it is out of network control. For example, for UL events triggered by UE (e.g. pending SR) or when the first WUS location where to happen during the DRX inactivity timer due to having that 1st ON duration event just after the DRX inactivity timer expires, as shown in Figure 1 below.
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Figure 1. UE's handling for the 1st ON duration when WUS location collides with C-DRX Inactivity time
The possible options of UE's behavior when WUS location collides with any even part of the UE's active time are:

Option (A) UE does not monitor WUS when its configured occasion collides with any event part of legacy UE's Active Time:

Option (A.1) UE does not monitor PDCCH for WUS when its WUS location collides any event part of legacy UE's Active Time, but UE always monitors that corresponding ON duration (even when a UE is configured with WUS and did not receive WUS, as it could not check it due to the collision of events). This UE's behavior is shown in case (1) of Figure 1 for the DRX inactivity example.

Option (A.2) UE does not monitor PDCCH for WUS when its WUS location collides with any event part of legacy UE's Active Time, therefore UE never monitors that corresponding ON duration (even when a UE is configured with WUS and did not receive WUS, as it could not check it due to the collision of events). This UE's behavior is shown in case (2) of Figure 1 for the DRX inactivity example. This option considers UE behavior corresponding to a missed WUS transmission occasion similar to the case when WUS trigger is not received outside active time, such as either WUS is not transmitted or a DCI is detected but WUS trigger is not received and UE skips the next DRX ON duration. 
Option (B) UE monitors PDCCH for WUS even though its WUS location collides with any event part of legacy UE's Active Time. Therefore whether UE monitors or not that corresponding ON duration is driven based whether WUS is or not received in its previous corresponding location. This UE's behavior is shown in case (3) of Figure 1 for the DRX inactivity example.

Option (C) Whether UE monitors or not that 1st ON duration is left up to UE's implementation. UE's behavior could be any of the previous cases just explained.
Option (C) might not be suitable as RAN1 design assumes that WUS will carry information necessary for the UE, therefore UE and network should be synch on the configuration in used by the UE. Option (A) might be preferable over option (B) as option (B) would require UE to monitor PDCCHs that could potentially be located in different BWP and could add some level of complexity in UE side. Both options (A.1) and (A.2) are feasible with the difference that when UE could not monitor the corresponding WUS location, option (A.1) keeps legacy C-DRX behavior vs option (A.2) keeps the new behavior defined for WUS (i.e. UE does not monitor ON duration as WUS is previously not detected).
Observation 2. If WUS location were to collide with any event part of the UE's active time and UE had to monitor both events, there could be concerns on UE complexity and on whether both events happen in different BWP.

Proposal 3. If WUS configured occasion collides with any event part of the UE's active time, UE does not monitor WUS, and for the corresponding ON duration, RAN2 needs to discuss whether UE behaves based on legacy C-DRX operation, i.e. UE monitors the corresponding ON duration (as per option A.1) or UE behaves based on WUS, i.e. UE skips monitoring in the corresponding ON duration (as per option A.2). 
2.4 TS 38.321 impacts from WUS feature

RAN2 should also discuss the WUS impacts, if any, to the MAC TS 38.321 considering the behaviour explained in previous sections and that RAN1 TS will capture actual 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 WUS, the lower layers inform upper layers upon reception of WUS trigger, so MAC starts the drx-onDurationTimer. In addition, it should also be captured the UE's behaviour discussed in previous sections. This could be captured in TS 38.321 as shown in the following example (by using a generic reference to the WUS location) taken into consideration the operation described in proposals 1, 2, and 3 with option (A.1):

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:
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 [6];

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 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 WUS, TS 38.321 captures the new trigger start condition of the drx-onDurationTimer taken into account the behaviours addressed in proposals 1, 2 and 3. For reference, exemplary TP is shown in option 2 of section 2.4.

2.5 Mis-detection of 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 in [5] that RAN1/4 define 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 WUS mis-detection were to happen (referring to the scenarios where UE cannot detect WUS in multiple consecutive WUS locations). The following options could be considered for the 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 (as proposed in [5]) to guarantee that UE always checks a full ON duration in case network were trying to reach the UE.

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

WUS feature is define 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 meet in excess with current design. Therefore option (1) is sufficient unless RAN1 requests otherwise.

Proposal 5. RAN2 will not address any mis-detection of 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). 

2.6 WUS configuration

The information of the 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."

Therefore the WUS configuration should be sent only if UE was or is also configured with C-DRX, e.g. this could be capture in TS 38.331 as follow:
–
MAC-CellGroupConfig

The IE MAC-CellGroupConfig is used to configure MAC parameters for a cell group, including DRX.

MAC-CellGroupConfig information element
-- ASN1START

-- TAG-MAC-CELLGROUPCONFIG-START

MAC-CellGroupConfig ::=             SEQUENCE {

    drx-Config                SetupRelease { DRX-Config }             OPTIONAL,   -- Need M
    schedulingRequestConfig   SchedulingRequestConfig                 OPTIONAL,   -- Need M

    bsr-Config                BSR-Config                              OPTIONAL,   -- Need M

    tag-Config                TAG-Config                              OPTIONAL,   -- Need M

    phr-Config                SetupRelease { PHR-Config }             OPTIONAL,   -- Need M

    skipUplinkTxDynamic       BOOLEAN,

    ...,

    [[

    csi-Mask                  BOOLEAN                     OPTIONAL,              -- Need M

    dataInactivityTimer       SetupRelease { DataInactivityTimer }   OPTIONAL    -- Cond MCG-Only

    ]],
    [[

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

}

DataInactivityTimer ::=       ENUMERATED {s1, s2, s3, s5, s7, s10, s15, s20, s40, s50, s60, s80, 











s100, s120, s150, s180}

-- TAG-MAC-CELLGROUPCONFIG-STOP

-- ASN1STOP

	MAC-CellGroupConfig field descriptions

	csi-Mask
If set to true, the UE limits CSI reports to the on-duration period of the DRX cycle, see TS 38.321 [3].

	dataInactivityTimer
Releases the RRC connection upon data inactivity as specified in clause 5.3.8.5 and in TS 38.321 [3]. Value s1 corresponds to 1 second, value s2 corresponds to 2 seconds, and so on.

	drx-Config
Used to configure DRX as specified in TS 38.321 [3].

	skipUplinkTxDynamic
If set to true, the UE skips UL transmissions as described in TS 38.321 [3].

	wus-Config

Used to configure WUS operation as specified in TS 38.321 and TS 38.213. This network configures this field only if drx-Config is configured.


	Conditional Presence
	Explanation

	MCG-Only
	This field is optionally present, Need M, for the MAC-CellGroupConfig of the MCG. It is absent otherwise.


In addition, this new 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 WUS design to determine whether this new configuration needs to also be sent as part of the SCG radio configuration.
Proposal 6. The new field of the WUS configuration is defined in MAC-CellGroupConfig as optionally present, Need M, if UE is configured with drx-Config. Details on the new WUS configuration are up to RAN1. 
3 Conclusion

The observations captured are the following:
Observation 1.
RAN1 design aims to avoid collisions between the WUS location and any event part of legacy UE's Active Time, however we recommend RAN2 to also discuss related events defined in TS 38.321 that might be out of RAN1 scope.
Observation 2.
If WUS location were to collide with any event part of the UE's active time and UE had to monitor both events, there could be concerns on UE complexity and on whether both events happen in different BWP.

The proposals captured are the following:
Proposal 1.
WUS feature is used when operating in long C-DRX cycles (and not with short C-DRX cycles).
Proposal 2.
WUS reception indicates a UE to wake up for the monitoring of the PDCCH during corresponding a single next ON duration (and not multiple ON durations), as it was also captured by RAN2 in TR 38.840.
Proposal 3.
If WUS configured occasion collides with any event part of the UE's active time, UE does not monitor WUS, and for the corresponding ON duration, RAN2 needs to discuss whether UE behaves based on legacy C-DRX operation, i.e. UE monitors the corresponding ON duration (as per option A.1) or UE behaves based on WUS, i.e. UE skips monitoring in the corresponding ON duration (as per option A.2).
Proposal 4.
For a UE configured with WUS, TS 38.321 captures the new trigger start condition of the drx-onDurationTimer taken into account the behaviours addressed in proposals 1, 2 and 3. For reference, exemplary TP is shown in option 2 of section 2.4.
Proposal 5.
RAN2 will not address any mis-detection of 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 6.
The new field of the WUS configuration is defined in MAC-CellGroupConfig as optionally present, Need M, if UE is configured with drx-Config. Details on the new WUS configuration are up to RAN1.
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