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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, an SI on low-power wake-up signal (LP-WUS) and receiver (LP-WUR) for NR is concluded, where evaluations are provided in TR 38.869 including significant power saving gains, reasonable system overhead etc. It turns out that LP-WUS/R is a good technology for reducing power consumption. In Rel-19, a WI on LP-WUS/R is set up to specify the support of LP-WUS for both IDLE mode and CONNECTED mode UEs[1]. The objectives with respect to connected mode procedure of the work item are the following:
	(Copied from RP-234056 [1])
The objectives of the work item are the following:
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· 


This contribution mainly focuses on procedures and functionalities of LP-WUS in CONNECTED mode.
[bookmark: _Ref155087494][bookmark: _Ref129681832]General consideration on LP-WUS monitoring for CONNECTED mode UE
In CONNECTED mode, LP-WUS at least can be used to indicate PDCCH monitoring. For example, when the traffic does not arrive yet, UE can monitor LP-WUS using LP-WUR and keep MR in sleep mode. When the traffic arrives, gNB can send LP-WUS to the targeted UE, and the MR of the targeted UE starts to wake up after LP-WUS reception and LP-WUS processing time. Different sleep states (i.e. deep sleep, light sleep and micro sleep) of the MR correspond to different transition time and transition energy. UE may select a particular sleep state based on a requirement for latency and power consumption. Furthermore, after MR wakes up from a sleep state, MR may need to perform time/frequency synchronization before PDCCH monitoring, which should also be considered. An example is illustrated in Figure 1.

 [image: C:\Users\z00556858\AppData\Roaming\eSpace_Desktop\UserData\z00556858\imagefiles\048079DD-CC42-441D-A624-0338F2707214.png]
[bookmark: _Ref155083875]Figure 1 Procedure of UE after receiving LP-WUS targeted to itself
Proposal 1: In CONNECTED mode, when a UE is triggered by LP-WUS, the UE starts to monitor the PDCCH after LP-WUS reception time, LP-WUS processing time, MR transition time, and potentially the time required for time/frequency synchronization of MR.
To reduce latency, it is better that gNB can send LP-WUS to the UE after DL traffic arrives in a timely manner. Thus, it is better that LP-WUR can be configured to monitor LP-WUS occasions continuously until receiving LP-WUS targeted to itself. On the other hand, continuous monitoring of LP-WUS occasions can also bring more flexibility to gNB.
Proposal 2: In CONNECTED mode, UE can be configured to monitor LP-WUS occasions continuously when LP-WUS monitoring is activated.
In addition to triggering PDCCH monitoring, LP-WUS may also indicate some scheduling information, which can further reduce UE’s power consumption.
In CONNECTED mode, LP-WUS can at least trigger PDCCH monitoring when DL traffic arrives. Different UEs have different traffic arrival time, as well as different latency requirements. So, for CONNECTED mode, per-UE information is preferred to be carried by LP-WUS. In legacy NR system, 16-bit RNTI is used to uniquely identify a particular UE in CONNECTED mode. Therefore, up to 16-bit is enough for LP-WUS in CONNECTED mode. 
Proposal 3: In CONNECTED mode, LP-WUS indicates per-UE information where up to 16-bit information is to identify a particular UE.
[bookmark: _Ref155602987]Activation/deactivation LP-WUS monitoring
In TR 38.869, the following candidate methods are summarized [1].
	-	In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
-	by gNB RRC signaling, with or without UE assistance.
-	by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
-	based on pre-configured condition(s), such as timer. 
-	LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
-	other options are not precluded.


Firstly, it is meaningful to clarify the terminology of “activate/deactivate” used in TR. As described in the TR, RAN2 uses “activate/deactivate” to represent the start/stop of LP-WUS monitoring. This terminology in LP-WUS study context does not mean enable/disable the features.
As described in the WID scope, in CONNECTED mode, UE MR ultra-deep sleep is not considered and RRM/RLM/BFD/CSI measurements are performed by MR. It is expected that gNB can know the channel status of the UE. Therefore, Different from in IDLE/INACTIVE mode, in CONNECTED mode, it is possible to let gNB fully know and control whether the UE is monitoring LP-WUS or not. Then gNB can arrange the timeline for data scheduling.
Proposal 4: In CONNECTED mode, whether a UE is actually monitoring LP-WUS is known by gNB.
To save power, UE can monitor LP-WUS based on gNB’s indication when there is no traffic and switch to monitor PDCCH when traffic arrives. In other words, the activation/deactivation of LP-WUS is highly related to the traffic arrival. Therefore, it may be not flexible enough to trigger activation/deactivation of LP-WUS monitoring by RRC signaling since RRC signaling is usually sent infrequently and takes effects slowly. Instead, dynamical triggering of LP-WUS monitoring can be a better choice. As one method, LP-WUS monitoring can be triggered explicitly by L1/L2 signaling, e.g. by DCI or MAC CE. In the triggering DCI or MAC CE, some LP-WUS monitoring parameters can be further indicated dynamically. More discussion can be found in Section 5. 
As another method, LP-WUS monitoring can be triggered implicitly by a timer to reduce signaling overhead. For example, the timer can keep running when there is no scheduling, and when the timer expires UE starts to monitor LP-WUS.
Proposal 5: In CONNECTED mode, LP-WUS monitoring can be activated by L1/L2 signaling and/or timer.
When DL traffic to a particular UE arrives, gNB will send LP-WUS to the UE to wake it up for data transmission. Therefore, it is obvious that LP-WUS monitoring can be deactivated by the reception of LP-WUS targeted to the UE. Similarly, when UL traffic arrives, it is also expected that the UL data can be transmitted in a timely manner. Therefore, LP-WUS monitoring can also be deactivated by UL traffic arrival (e.g. by SR transmission).
Proposal 6: In CONNECTED mode, LP-WUS monitoring can be deactivated by LP-WUS and/or SR transmission.
Another aspect which should be carefully considered is how to make sure the reliability of the signaling indication for activation and deactivation. Different from PDCCH skipping, a LP-WUS monitoring activation/deactivation triggers the UE to switch between MR and LP-WUR. If the related signaling is missed or falsely detected, the consequence is much more vital than that of miss-detection of PDCCH skipping DCI, which only impacts the UE’s power saving benefit. Therefore, it should be considered in the activation/deactivation procedure to minimize/avoid the impact due to miss-detection/falsely-detection of activation/deactivation signaling. For example, some ACK/NACK feedback can be introduced in response of the reception of related L1/L2 activation/deactivation signaling. 
Proposal 7: The impact due to miss-detection/falsely-detection of LP-WUS activation/deactivation signaling should be minimized/avoided for CONNECTED mode UE. 
[bookmark: _Ref155084346]Relationship between LP-WUS and legacy UE power saving techniques
LP-WUS works with C-DRX
When UE is configured with C-DRX, the Active Time is defined based on the running time of several C-DRX related timers, and UE does not receive/transmit some signal/channels outside Active Time. For example, UE does not monitor PDCCH and does not transmit periodic CSI report outside Active Time. When UE is configured with both LP-WUS and C-DRX, one essential issue is whether UE monitors LP-WUS inside/outside Active Time.
As discussed in Section 2, latency requirement is usually high in CONNECTED mode. In order to reduce the latency, it is expected that LP-WUS can be received by the UE as soon as possible after the DL traffic arrival to gNB. Consequently, LP-WUS is expected be allowed to be transmitted at any LP-WUS occasions. Therefore, it is proposed that LP-WUS can be monitored in both inside and outside Active Time.
Proposal 8: When UE is configured with both LP-WUS and C-DRX in CONNECTED mode, to reduce latency, the C-DRX configuration is not applicable to receiver LP-WUR, i.e. it is supported that LP-WUS can be monitored by LP-WUR irrespective of Active Time of C-DRX.

As stated in the WID scope, LP-WUS triggers MR PDCCH monitoring, which implies that when UE is monitoring LP-WUS, UE does not monitor PDCCH. According to current specification, when UE is configured with C-DRX, the PDCCH monitoring behavior is controlled by the C-DRX related timers. If UE is configured with both LP-WUS and C-DRX, both LP-WUS indication and C-DRX related timers control PDCCH monitoring behavior. Therefore, the relationship between LP-WUS and C-DRX related timers should be discussed. There can be two alternatives:
· Alt 1: Legacy C-DRX related timers keep running when UE is monitoring LP-WUS (The PDCCH monitoring can be controlled by PHY layer with higher priority) According to TS38.321 [2], it is assumed by MAC layer that UE always monitors PDCCH during Active Time. In this case, it is PHY layer that ensures PDCCH is not monitored during LP-WUS monitoring period, which is a ‘PDCCH skipping’-like mechanism. This Alt 1 can be understood as ‘LP-WUS monitoring’ has higher controlling priority than ‘C-DRX related timers’ on whether monitoring PDCCH. In other words, even when the C-DRX related timers (e.g. onDurationTimer) are running, the UE shall not monitor PDCCH if LP-WUS is monitored.
· Alt 2: Legacy C-DRX related timers are terminated/suspended when UE is monitoring LP-WUS (The PDCCH monitoring is controlled by MAC layer). This means LP-WUS has impact on C-DRX related timers. Before the DL traffic arrives, UE should keep monitoring LP-WUS and not monitoring PDCCH (even within Active Time) to save power, which can be achieved by terminated/suspending legacy C-DRX related timers in MAC layer. After receiving LP-WUS targeted to the UE, legacy C-DRX related timers shall be restarted or the suspended timers are resumed by MAC layer. The UE behavior impacted by LP-WUS will mainly be captured in MAC layer.
Proposal 9: Discuss the relationship between LP-WUS and legacy C-DRX related timers, including the following two alternatives
· Alt 1: Legacy C-DRX related timers keep running when UE is monitoring LP-WUS, and the PDCCH monitoring can be controlled by PHY layer with higher priority.
· Alt 2: Legacy C-DRX related timers are terminated/suspended when UE is monitoring LP-WUS, and the PDCCH monitoring is controlled through C-DRX related timers in MAC layer .

Following the current specification, after the UE receives a LP-WUS targeted to itself, the UE may need to wait until the next onDuration before it can monitor PDCCH, since UE can only monitor PDCCH within Active Time. Then additional latency may be introduced, as illustrated in Figure 2.
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[bookmark: _Ref158212956]Figure 2 Additional latency may be introduced if UE monitors PDCCH until next onDuration
There, to reduce latency, no matter Alt 1 or Alt 2 above is adopted, further enhancement is needed to enable that UE can start PDCCH monitoring in a timely manner after receiving LP-WUS targeted to itself.
Proposal 10: Enhancement is needed to enable that UE can start PDCCH monitoring as soon as possible after receiving LP-WUS targeted to itself.

Coexistence with Rel-16/17 power saving techniques
In Rel-16 and Rel-17, various time domain UE power saving techniques are specified, including DCP (DCI scrambled by PS-RNTI, i.e. DCI format 2_6) and PDCCH monitoring adaption (i.e., PDCCH skipping/SSSG switching). If LP-WUS is used to indicate PDCCH monitoring, it can be taken as another time domain UE power saving technique. The relationship between LP-WUS and R16/R17 time domain UE power saving techniques should be further discussed. 
If both LP-WUS for CONNECTED mode and DCP are configured, when LP-WUS is monitored by LP-WUR, the MR should be in a sleep state to save power. Since DCP is carried by DCI format 2_6, which is also monitored by MR, it is not reasonable to let MR monitor DCP when LP-WUS is monitored. On the other hand, according to the evaluation results in [1], LP-WUS can provide additional power saving gain compared with DCP. Therefore, in our opinion, when both LP-WUS for CONNECTED mode and DCP are configured, LP-WUS monitoring should be prioritized. That is, when LP-WUS is activated, UE should keep LP-WUR monitoring LP-WUS and not monitor DCP in MR (MR may stay in sleep state). When LP-WUS is deactivated, the UE can monitor DCP based on the DCP configuration.
Furthermore, to ensure UE can receive the PDCCH monitoring indication in LP-WUS or DCP successfully, the behavior in which UE is monitoring LP-WUS or DCP should be clearly defined to avoid the misunderstanding between UE and gNB. Therefore, gNB should know whether UE is monitoring the LP-WUS as discussed in Section 3, then gNB can activate/deactivate LP-WUS or DCP monitoring for a specific UE in an explicit or implicit way.
Proposal 11: If DCP is configured, after LP-WUS monitoring is activated, the UE should not monitor DCP in MR.
The PDCCH monitoring adaption introduced in Rel-17, i.e. PDCCH skipping and SSSG switching, is indicated by scheduling DCI. Naturally, when MR enters sleep state and the LP-WUR is activated to monitor LP-WUS, UE should stop/suspend the PDCCH adaption mechanism. Therefore, during the LP-WUS monitoring period, a UE should stop/suspend the Rel-17 PDCCH adaption. However, the introduction of LP-WUS may impact the procedures of PDCCH monitoring adaption, which should be further discussed if any. 
Proposal 12: After LP-WUS monitoring is activated, the UE should stop/suspend the Rel-17 PDCCH adaption mechanism, if configured. 
[bookmark: _Ref155101255]LP-WUS monitoring parameters
In CONNECTED mode, it is possible that gNB know clearly whether the UE is monitoring LP-WUS or not, and gNB can fully and dynamically controls LP-WUS monitoring. As the channel state information or traffic changes, LP-WUS related parameters can be updated accordingly, e.g. by MR L1/L2 signalling. For example, different amount of time/frequency resources can be used for LP-WUS transmission to meet different coverage requirement, which can be understood as link adaptation. If LP-WUS monitoring is activated explicitly by L1/L2 signaling, the updated parameters can be indicated by the L1/L2 triggering signaling through MR. In addition to explicit indication, using predefined rules to determine configuration parameters can be considered. For example, UE can fallback to use some pre-configured parameters when certain condition if fulfilled.
Proposal 13: In CONNECTED mode, monitoring parameters of LP-WUS can be adjusted by MR signaling and/or pre-defined rules at least for different coverage requirement.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the Procedures and functionalities of LP-WUS in CONNECTED mode. Based on the analysis, we have the following observations and proposals:
Proposal 1: In CONNECTED mode, when a UE is triggered by LP-WUS, the UE starts to monitor the PDCCH after LP-WUS reception time, LP-WUS processing time, MR transition time, and potentially the time required for time/frequency synchronization of MR.
Proposal 2: In CONNECTED mode, UE can be configured to monitor LP-WUS occasions continuously when LP-WUS monitoring is activated.
Proposal 3: In CONNECTED mode, LP-WUS indicates per-UE information where up to 16-bit information is to identify a particular UE.
Proposal 4: In CONNECTED mode, whether a UE is actually monitoring LP-WUS is known by gNB.
Proposal 5: In CONNECTED mode, LP-WUS monitoring can be activated by L1/L2 signaling and/or timer.
Proposal 6: In CONNECTED mode, LP-WUS monitoring can be deactivated by LP-WUS and/or SR transmission.
Proposal 7: The impact due to miss-detection/falsely-detection of LP-WUS activation/deactivation signaling should be minimized/avoided for CONNECTED mode UE. 
Proposal 8: When UE is configured with both LP-WUS and C-DRX in CONNECTED mode, to reduce latency, the C-DRX configuration is not applicable to receiver LP-WUR, i.e. it is supported that LP-WUS can be monitored by LP-WUR irrespective of Active Time of C-DRX.
Proposal 9: Discuss the relationship between LP-WUS and legacy C-DRX related timers, including the following two alternatives
· Alt 1: Legacy C-DRX related timers keep running when UE is monitoring LP-WUS, and the PDCCH monitoring can be controlled by PHY layer with higher priority.
· Alt 2: Legacy C-DRX related timers are terminated/suspended when UE is monitoring LP-WUS, and the PDCCH monitoring is controlled through C-DRX related timers in MAC layer.
Proposal 10: Enhancement is needed to enable that UE can start PDCCH monitoring as soon as possible after receiving LP-WUS targeted to itself.
Proposal 11: If DCP is configured, after LP-WUS monitoring is activated, the UE should not monitor DCP in MR.
Proposal 12: After LP-WUS monitoring is activated, the UE should stop/suspend the Rel-17 PDCCH adaption mechanism, if configured. 
Proposal 13: In CONNECTED mode, monitoring parameters of LP-WUS can be adjusted by MR signaling and/or pre-defined rules at least for different coverage requirement.
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