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1 Introduction

In RAN #102 meeting, R19 LP WUS WI is approved and in RAN1 #116b and RAN1 #116 meeting, the following agreements are achieved [1]
	Agreement

· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.

· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS

· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS

· Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.

· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration

· FFS duty-cycled and/or continuous LP-WUS monitoring

· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded should be considered.

· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2

· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any
Agreement

For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 

· FFS value X, which is no more than [8 or 16]
Agreement

For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following

· LP-WUS processing time

· MR transition time for ramp up

· Time/frequency synchronization of MR

· FFS whether UE can report supported minimum time gap from candidate values

FFS: Whether the minimum time gap values can be more than one

Agreement

For RRC CONNECTED mode, from RAN1 perspective, 

· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling

· FFS whether to support UE assistance.

· LP-WUS monitoring by UE is known to gNB.

· FFS whether implicit/explicit indication from UE is necessary

· In case LP-WUS monitoring is enabled, following options are further studied

· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring

· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.

· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.

· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g., UL transmission.


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. In R1 #116b meeting, only LP WUS combined with C-DRX is agreed, and it includes the cases for LP WUS applied within and without legacy C-DRX timer, and also the case LP WUS replace DCP.
2.1 Case 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 avoided, so the power saving gain is limited. So if this case is to be supported, there should be also other LP WUS application cases being supported together, otherwise the power saving gain of LP WUS in connected mode will be too small to worth all the specification effort. For this case, the time offset between LP WUS occasion and on duration starting time should be considered. The time offset can be different for different sleep states, which can refer to the ramping up/down latency defined in TR 38.840[2].
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Fig.1 Case 1, LP WUS replaces DCI 2-6
2.2 Case 2-1: LP WUS outside C-DRX active time with legacy on-duration
Besides PDCCH monitoring within C-DRX on duration, PDCCH monitoring may be additionally triggered outside C-DRX active time. Fig.2 shows an example, if there is a burst arrive outside C-DRX active time, gNB may send LP WUS to trigger additional PDCCH monitoring. If drx-onDurationTimer is always triggered in C-DRX cycle, this case would not have power saving gain but only to reduce data transmission latency. And it can be combined with case 1 so that drx-onDurationTimer is always triggered thus power saving gain can be expected.
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Fig.2 Case 2-1, LP WUS outside C-DRX active time with legacy on-duration
2.3 Case 2-2: LP WUS outside C-DRX active time without legacy on-duration

In this case, legacy on-duration time does not exist, and PDCCH monitoring is only triggered by LP WUS. Fig. 3 shows an example. This case seems show more flexibility than case 2-2, but has more impact on the measurement of current RRM/RLM/LR procedures. In RRC connected state, the measurement for RRM/RLM/LR procedures are assumed to happen in C-DRX active time when UE can wake up to receive reference signals. And if legacy on-duration is cancelled and PDCCH monitoring is only triggered by LP WUS, there may be the case that no PDCCH monitoring is triggered at all and no active time exists within the C-DRX cycle, then how would UE perform measurement for RRM/RLM/LR procedures? If case 2-2 is adopted, how to handle the impact on the measurement of current RRM/RLM/LR procedures should be considered and this would increase specification work load. Since the application case that PDCCH monitoring is triggered by LP-WUS without C-DRX configuration is excluded for similar reason, we think it is reasonable to also exclude case 2-2
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Fig.3 Case 2-2, LP WUS outside C-DRX active time without legacy on-duration
2.4 Case 3-1: LP WUS 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.4.
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Fig.4 Case 3-1, LP WUS is used within C-DRX on duration
2.5 Case 3-2: LP WUS 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.5. 
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Fig.5 Case 3-2, LP WUS is used within C-DRX re-transmission timer running duration
2.6 Case 3-3: LP WUS within C-DRX active time and within PDCCH skipping duration  
The following case is discussed when UE is configured with C-DRX and also configured PDCCH skipping for C-DRX active time. Within the indicated PDCCH skipping duration, 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.6.
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Fig.6 Case 3-3, LP WUS is used within C-DRX active time and within PDCCH skipping duration
2.7 Case 3-4: LP WUS within C-DRX active time and outside PDCCH skipping duration

The following case is discussed when UE is configured with C-DRX and also configured PDCCH skipping for C-DRX active time. 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.7.
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Fig.7 Case 3-4, LP WUS is used within C-DRX active time and outside PDCCH skipping duration
Proposal 1: The following LP WUS application cases can be considered and downselected,
Case 1: LP WUS replaces DCI 2-6;
Case 2-1: LP WUS outside C-DRX active time with legacy on-duration;
Case 3-1: LP WUS within C-DRX on duration

Case 3-2: LP WUS is used within C-DRX re-transmission timer running duration;
Case 3-3: LP WUS is used within C-DRX active time and within PDCCH skipping duration;
Case 3-4: LP WUS is used within C-DRX active time and outside PDCCH skipping duration;
Proposal 2: If LP WUS replaces DCI 2-6 is supported, at least one of the other application cases should also be supported to guarantee enough power saving gain compared to existing techniques.

Proposal 3: Not support LP WUS outside C-DRX active time without legacy on-duration (Case 2-2), since its impact on measurement for RRM/RLM/LR procedures. 
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, after LP WUS is enabled by RRC configuration, 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 2-1, after LP WUS is enabled by RRC configuration, UE will autonomously activate LP-WUS monitoring after the end of on duration and after the end of additionally triggered PDCCH monitoring duration, which can be controlled by timer or explicit indication. For example, UE may be configured with an LP-WUS timer for the additionally triggered PDCCH monitoring, which is similar as the inactivity timer in C-DRX, and 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. And UE will deactivate LP WUS monitoring if LP WUS indicating wake up is received. Another example is 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. 
For application Case 3-1/3-2/3-3/3-4, after LP WUS is enabled by RRC configuration, 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. Table 1 is the summary for the above analysis.
Table 1 Activation/deactivation of LP-WUS monitoring
	
	Activation 
	Deactivation

	Case 1
	No explicit indication
	No explicit indication

	Case 2-1
	No explicit indication/by timer/by explicit indication
	By LP-WUS

	Case 3-1/3-2/3-3/3-4
	No explicit indication
	By LP-WUS


Proposal 4: 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 carrier even multiple carriers are configured for MR. The carrier where LR operates can be one carrier among the carrier(s) where MR operates, and it can also be a different carrier from the carrier(s) of MR if LP WUS is deployed in a different carrier from MR’s serving cells.  And the required monitoring occasions at UE side depends on the application cases. For example, for Case 1, UE only to monitor the LP WUS occasions within a time window before every on duration, and for Case 2-1/3-1/3-2/3-3/3-4, UE has to monitor every LP WUS occasion when LR is activated.
Proposal 5: Support periodical transmission occasions of LP WUS shared by multiple UEs.
Proposal 6: LP WUS can be configured in the same or different carrier/band from where MR operates.

Proposal 7: UE is only required to monitor LP WUS on one carrier.

Proposal 8: 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 9: 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 RAN1#116 meeting, it is agreed that wake up delay between LP-WUS reception and MR to start PDCCH monitoring is introduced, and FFS multiple wake up delays. 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 similar sleeping states should be also be considered for UE applying LP WUS, multiple wake up delays corresponding to different sleep state allows more flexible matching to different traffic characteristics. For example, if the data burst is quite sparse and has no strict transmission delay requirement, then deep sleep state with larger wake up delay can be chose to save more power. If the traffic requires low transmission latency, then micro/light sleep should be applied as they have shorter wake up delay.
Proposal 10: Multiple wake up delays 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 11: 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: LP WUS replaces DCI 2-6;

Case 2-1: LP WUS outside C-DRX active time with legacy on-duration;

Case 3-1: LP WUS within C-DRX on duration

Case 3-2: LP WUS is used within C-DRX re-transmission timer running duration;

Case 3-3: LP WUS is used within C-DRX active time and within PDCCH skipping duration;

Case 3-4: LP WUS is used within C-DRX active time and outside PDCCH skipping duration;

Proposal 2: If LP WUS replaces DCI 2-6 is supported, at least one of the other application cases should also be supported to guarantee enough power saving gain compared to existing techniques.

Proposal 3: Not support LP WUS outside C-DRX active time without legacy on-duration (Case 2-2), since its impact on measurement for RRM/RLM/LR procedures. 

Proposal 4: Suggest the activation/deactivation of LP-WUS monitoring summarized in Table 1.
Table 1 Activation/deactivation of LP-WUS monitoring
	
	Activation 
	Deactivation

	Case 1
	No explicit indication
	No explicit indication

	Case 2-1
	No explicit indication/by timer/by explicit indication
	By LP-WUS

	Case 3-1/3-2/3-3/3-4
	No explicit indication
	By LP-WUS


Proposal 5: Support periodical transmission occasions of LP WUS shared by multiple UEs.
Proposal 6: LP WUS can be configured in the same or different carrier/band from where MR operates.

Proposal 7: UE is only required to monitor LP WUS on one carrier.

Proposal 8: Required monitoring occasions at UE side depends on the application cases.
Proposal 9: LP WUS at least includes bits indicating whether to monitor PDCCH. SSSG switching, BWP switching indication can also be considered.
Proposal 10: Multiple wake up delays of LP WUS should be defined.
Proposal 11: Support CSI report enhancement during the MR’s non-active period.
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