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1 Introduction

In RAN #102 meeting, R19 LP WUS WI is approved, and the objectives are is as follows [1],

	The objectives of the work item are the following:

· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.

· Y will be decided within WI. 320ms is the start point.

· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· 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
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.

· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103




In the following, we provide some discussions on LP-WUS operation in connected modes.
2 Application cases of LP-WUS
How to apply LP WUS in RRC connected mode is an essential issue. Application cases, including LP WUS combined with legacy power saving techniques and LP WUS being applied standalone, are proposed in R18 SI. The illustrations are as follows, 
2.1 LP WUS combined with C-DRX
Case 1-1: LP WUS replaces DCI 2-6.
UE is configured with C-DRX and before every on duration, UE will monitor LP WUS. If UE received LP WUS indicating the UE to wake up, UE will start the on-duration timer, otherwise, on-duration timer is not started. In this case DCP is replaced by LP WUS. Related figure is shown in Fig.1. Compared with DCP technique, only the DCI 2-6 monitoring can be avoid, so the power saving gain is limited.
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Fig.1 Case 1-1, LP WUS replaces DCI 2-6
Case 1-2: LP WUS is used within C-DRX on duration.
UE will monitor LP WUS instead of PDCCH after the on-duration timer starts. gNB need to wake up UE by LP WUS first before transmitting PDCCH. UE will switch to PDCCH monitoring after LP WUS is received. In this case, unnecessary PDCCH monitoring within the on duration can be reduced. Related figure is shown in Fig.2.
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Fig.2 Case 1-2, LP WUS is used within C-DRX on duration
Case 1-3: LP WUS is used within C-DRX re-transmission timer running duration.
UE will monitor LP WUS instead of PDCCH after the re-transmission timer starts. gNB need to wake up UE by LP WUS first before transmitting PDCCH for retransmission scheduling. UE will switch to PDCCH monitoring after LP WUS is received. In this case, unnecessary PDCCH monitoring within the re-transmission timer running duration can be reduced. This case is especially power efficient for UL re-transmission timer, since the UL re-transmission timer is started every time when PUSCH is transmitted but 90% of them will end up with no retransmission scheduling assuming 10% BLER. Related figure is shown in Fig.3. 
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Fig.3 Case 1-3, LP WUS is used within C-DRX re-transmission timer running duration 
2.2 LP WUS combined with PDCCH skipping

Case 2-1: LP WUS is used within PDCCH skipping duration

Within the indicated PDCCH skipping, UE keeps monitoring LP WUS. And when LP WUS indicating wake up is received, the PDCCH skipping duration will end. In this case, the PDCCH skipping duration can be terminated in advance, and would be beneficial for latency performance. Related figure is shown in Fig.4.
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Fig.4 Case 2-1, LP WUS is used within PDCCH skipping duration
Case 2-2: LP WUS is used outside PDCCH skipping duration

At the end of PDCCH skipping duration, UE will monitor LP WUS instead of PDCCH. gNB need to wake up UE by LP WUS first before transmitting PDCCH. UE will switch to PDCCH monitoring after LP WUS is received. In this case, unnecessary PDCCH monitoring can be reduced after a PDCCH skipping duration. Related figure is shown in Fig.5.
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Fig.5 Case 2-2, LP WUS is used outside PDCCH skipping duration
2.3 LP WUS applied alone(+SSSG)
Case 3: LP WUS is applied alone, or with SSSG switching configured 
UE keep monitoring LP WUS and keep main radio sleep, once LP WUS is detected, UE wake up its main radio to monitor PDCCH. And when there is no more PDCCH to be transmitted, UE’s main radio fall into sleep again. A related figure is shown in Fig.6. Case 3 also includes the scenario when SSSG is configured. UE can be indicated to monitor the target SSSG after woke up by LP WUS. In this case, MR can only be activated when there is data transmission, otherwise MR will be deactivated. It is expected as the most power saving among all the cases.
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Fig.6 Case 3, LP WUS is applied alone, or with SSSG switching configured
Proposal 1: The following LP WUS application cases can be considered and downselected,
Case 1-1: LP WUS replaces DCI 2-6;
Case 1-2: LP WUS is used within C-DRX on duration;
Case 1-3: LP WUS is used within C-DRX re-transmission timer running duration;
Case 2-1: LP WUS is used within PDCCH skipping duration;
Case 2-2: LP WUS is used outside PDCCH skipping duration;
Case 3: LP WUS is applied alone, or with SSSG switching configured.
3 Activation/deactivation of LP-WUS monitoring
After LP WUS monitoring is configured, how to activate/deactivate LP-WUS monitoring is closely dependent on the application cases. For application Case 1-1, there is no need for explicit activation/deactivation indication, UE will activate LP-WUS monitoring in a configured window before every C-DRX on duration, and deactivate LP WUS monitoring at the end of the window.
For application Case 1-2/1-3/2-1/2-2, UE will autonomously activate LP-WUS monitoring as described in the application cases without explicit indication, and UE will deactivate LP WUS monitoring if LP WUS indicating wake up is received. 

For application Case 3, to activate LP WUS monitoring, two alternatives can be considered. Alt1, by timer. UE may be configured with an LP-WUS timer, which is similar as the inactivity timer in C-DRX. Every time when UE receive a PDCCH, UE will (re)start the LP-WUS timer, and after the timer expired, LP-WUS monitoring is activated. Alt2, by explicit indication, e.g, gNB may activate LP-WUS monitoring using DCI/MAC CE. And gNB can simply send LP-WUS to wake up MR and deactivate LP-WUS monitoring. Table 1 is the summary for the above analysis.

Table 1 Activation/deactivation of LP-WUS monitoring
	
	Activation 
	Deactivation

	Case 1-1
	No explicit indication
	No explicit indication

	Case 1-2/1-3/2-1/2-2
	No explicit indication
	By LP-WUS

	Case 3
	Alt1, by timer

Alt2, by explicit indication
	By LP-WUS


Proposal 2: Suggest the activation/deactivation of LP-WUS monitoring summarized in Table 1.
4 LP-WUS resource configuration and LP WUS monitoring
Typically, periodical LP WUS transmission occasion can be configured, and to reduce data transmission latency, the periodicity should be comparatively small. The transmission occasions may be shared among a group of UEs, and the UE group is up to gNB configuration. In frequency domain, if LR supports the carrier/band where MR operates, LP WUS can be configured in the active BWP of the UE. Otherwise, LP WUS can be configured in a different carrier/band from where MR operates. 

Considering the limited capability of LR, it is reasonable to restrict the UE only monitor LP WUS on one frequency location. And the required monitoring occasions at UE side depends on the application cases. For example, for Case 1-1, UE only to monitor the LP WUS occasions within a time window before every on duration, and for case 3, UE has to monitor every LP WUS occasion when LR is activated.
Proposal 3: Support periodical transmission occasions of LP WUS shared by multiple UEs.
Proposal 4: LP WUS can be configured in the same or different carrier/band from where MR operates.

Proposal 5: UE is only required to monitor LP WUS on one frequency location.

Proposal 6: Required monitoring occasions at UE side depends on the application cases.
5 LP WUS information
LP WUS information should at least include bits to indicate whether to monitor PDCCH. Other information related to PDCCH monitoring such as SSSG switching, BWP switching can also be considered. As to the information structure, LP WUS information can be composed by multiple bit blocks, each block corresponds to one or more UE(s). If the LP WUS operation granularity is per UE, which means one LP WUS indication can be applied across all serving cells of the UE, then each block can only contain one bit. And if the LP WUS operation granularity is per cell(group), which means one LP WUS indication can only be applied on one cell(group) among all the serving cells of the UE, then within each block, there may be multiple bits, and each bit correspond to one cell or one cell group.
Proposal 7: LP WUS at least includes bits indicating whether to monitor PDCCH. SSSG switching, BWP switching indication can also be considered.
6 Wake up delay
Wake up delay is the time gap from the end of LP WUS to the point when UE MR is prepared for data transmission/reception. In R16 power saving TR 38.840[2], three different wake up delays are assumed for evaluation purpose corresponding to three different sleeping states, ranging from 0~about 10 ms. And based on the assumption, the wake up delays of LP WUS will be too large to be neglected, gNB should be aware of the wake up delay so that after sending the LP WUS, gNB can start scheduling PDCCH/PDSCH just after UE wake up and be prepared. 
Proposal 8: Wake up delay of LP WUS should be defined.

7 CSI report enhancement
During the period of LP WUS monitoring, since MR is in non-active period and no data transmission, there is no much need for CSI report. CSI report can be skipped or relaxed to a larger periodicity during the MR’s non-active period so that more power saving gain can be expected from MR.
Proposal 9: Support CSI report enhancement during the MR’s non-active period.
8 Conclusions

For LP WUS operation in connected mode, we have the following proposals,
Proposal 1: The following LP WUS application cases can be considered and downselected,

Case 1-1: LP WUS replaces DCI 2-6;
Case 1-2: LP WUS is used within C-DRX on duration;
Case 1-3: LP WUS is used within C-DRX re-transmission timer running duration;
Case 2-1: LP WUS is used within PDCCH skipping duration;
Case 2-2: LP WUS is used outside PDCCH skipping duration;
Case 3: LP WUS is applied alone, or with SSSG switching configured.
Proposal 2: Suggest the activation/deactivation of LP-WUS monitoring summarized in Table 1.
Table 1 Activation/deactivation of LP-WUS monitoring
	
	Activation 
	Deactivation

	Case 1-1
	No explicit indication
	No explicit indication

	Case 1-2/1-3/2-1/2-2
	No explicit indication
	By LP-WUS

	Case 3
	Alt1, by timer

Alt2, by explicit indication
	By LP-WUS


Proposal 3: Support periodical transmission occasions of LP WUS shared by multiple UEs.
Proposal 4: LP WUS can be configured in the same or different carrier/band from where MR operates.

Proposal 5: UE is only required to monitor LP WUS on one frequency location.

Proposal 6: Required monitoring occasions at UE side depends on the application cases.
Proposal 7: LP WUS at least includes bits indicating whether to monitor PDCCH. SSSG switching, BWP switching indication can also be considered.
Proposal 8: Wake up delay of LP WUS should be defined.

Proposal 9: Support CSI report enhancement during the MR’s non-active period.
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