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[bookmark: _Toc158194662][bookmark: _Toc158724793][bookmark: _Toc163071511]1. Introduction
At the RAN#102 meeting, a new work item was agreed for the “Low-power wake-up signal and receiver for NR”.  The most recent RAN#103 objectives for this WID [1] are listed below.

	[bookmark: _Hlk153295984]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).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements




In this document, we discuss several different aspects of CONNECTED mode LP-WUS design, including the monitoring occasion design.  From those discussions, we provide some initial observations and proposals.


[bookmark: _Toc158194663][bookmark: _Toc158724794][bookmark: _Toc163071512]
2. Discussion
2.1	Basic Assumptions   
The following note is included in the WID.
	· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR



The note determines that for CONNECTED mode procedures, it is assumed that UE MR can either be in deep, light, or micro sleep. As the MR is assumed not to be in ultra-deep sleep, the MR frequency source (clocks) can be assumed to be operational. Furthermore, as we are considering CONNECTED mode operation, MR needs to be well synchronised so that it can receive PDSCH e.g. at the start of the Active time without the need for any further synchronisation (e.g. via reference signals). Therefore, it can be assumed that MR can provide synchronisation assistance to the LR, and/or LR can benefit from MR time and frequency sources. 
Observation 1: 	For CONNECTED mode, LP-WUR time and frequency synchronisation can be provided by the MR. 
Given the above observation, we believe that LP-SS is not needed during normal LR CONNECTED mode operation and that the LR time and frequency synchronisation is same as MRs.
Proposal 1: 	For CONNECTED mode, LP-SS is not needed during normal LP-WUR operation with LP-WUR. 
It is also noted, that CONNECTED mode measurements (RRM/RLM/BFD/CSI) are performed by MR. As there is no explicit intent nor objective in the work item to change, offload or relax the MR based measurements in CONNECTED mode when LP-WUS is being monitored (contrary to IDLE/Inactive mode) the MR requirements can be kept unchanged.
Proposal 2: 	For CONNECTED mode, there is no change to how existing MR based measurements (RRM/RLM/BFD/CSI) are determined when LP-WUS is enabled.






[bookmark: _Toc158194664][bookmark: _Toc158724795][bookmark: _Toc163071513]
2.2	Connected Mode WUS Monitoring 

[bookmark: _Toc158724799]At the RAN1#116 meeting, the following agreement was made.

	
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 C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside 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.




In this section, we share our views on these various cases and options,

Deprioritise without C-DRX Case-2 operation.

In our view there are several reasons for not specifying a “without C-DRX” configuration of PDCCH monitoring using LP-WUS.  These reasons include:

1 C-DRX provides a pre-specified and reliable fallback mechanism in the event of loss of coverage.
a. Without C-DRX, either:
i.  a new alternative fallback mechanism will need to be specified. 
ii. there will be some significant delay introduced as the UE-Network reconfigure to use C-DRX in the event LP-WUS becomes unavailable.

2 C-DRX provides a pre-specified and effective method to implicitly reduce the power consumed by MR in connected mode making certain CSI-RS based measurements. The TS38.214 text below, shows how CSI based measurements are generally restricted to the DRX active time. Hence by reducing the ACTIVE time, one can reduce the power consumed.


	[bookmark: _Toc11352131][bookmark: _Toc20318021][bookmark: _Toc27299919][bookmark: _Toc29673190][bookmark: _Toc29673331][bookmark: _Toc29674324][bookmark: _Toc36645554][bookmark: _Toc45810599][bookmark: _Toc155777384]5.2.2.5	CSI reference resource definition…
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise.…





3 C-DRX is assumed to be the default operation for most deployments.

[bookmark: _Hlk163071775]Proposal 3:     	For RRC CONNECTED mode, RAN1 deprioritises the support of LP-WUS schemes that operate without cDRX.

 



Comparison of the Case 1 options

The table below summarizes the relative pros, cons and challenges associated with the 3 options.


	Short Description
	DCP DCI replacement
	Outside Active Time
	Inside Active Time

	Long Description
	Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
	Option 1-2: LP-WUS monitoring outside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring
	Option 1-3: LP-WUS monitoring inside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.

	Pros
	Easy to specify & implement.
· Potentially reuses a lot of existing DCI based DCP text/implementation.

Seamless fallback behaviour



	PDCCH scheduling opportunities/latency improved

Power saving gains (assuming cDRX configuration can be optimised)





	Relatively easy to configure (no need for new cDRX cycle)



	Cons
	No latency gains 

Limited power savings -  Latency Targets restrict relaxation of the cDRX configuration 
	Specification effort

New cDRX configuration likely to be required to obtain maximum power savings






	Trade-off between reduced PDCCH occasions or limited power savings.
Benefits require specific traffic characteristics.




	Expected power saving gains
	Medium
	High


	Low

	Specification effort
	Low
	High


	Medium




Of the schemes listed as options, scheme 1-1 (DCP DCI replacement) is the easiest to specify but due to the linkage to the existing cDRX scheme, the maximum power savings possible are limited and there are no latency benefits to be obtained.

Observation 2:    	For the RRC CONNECTED mode LP-WUS monitoring configuration before drx-onDurationTimer scheme, specification effort is low but power saving gains are limited.

Of the other schemes, scheme 1-3 suffers from either limited power saving gains (sleep state limited to reduce latency) or reduced PDCCH monitoring opportunities, due to:

· The time taken to transmit the LP-WUS.
· We expect this to be between in the range of [6-12] symbols depending on the payload, modulation scheme and receiver detector architecture.

· The minimum time gap between LP-WUS reception and MR to start PDCCH monitoring.

· The RAN1#116 agreement below, summarises RAN1’s initial thoughts on this minimum time gap.

	[image: ]





· Per the study item TR, TR38.869, depending on the sleep mode of the MR, this can be between 20-0 ms.

	The MR sleep states considered for LP-WUS/WUR evaluation in RRC_CONNECTED are the same as for baseline: deep sleep state with a 20 ms transition time, light sleep state with a 6 ms transition time, or micro sleep without any transition time, as described TR 38.840




In summary, given a onDuration length of 10ms and a MR wake up time of 6ms, there can be limited number of PDCCH monitoring opportunities in onDuration. Hence, MR would need to be in micro sleep state from the start of the onDuration to limit the MR transition time and even then, the LP-WUS will delay the data at least by one slot cycle 

[bookmark: _Hlk163071853]Observation 3:    	For the RRC CONNECTED mode LP-WUS monitoring inside C-DRX active time scheme, there is a trade-off to be made between either configuring for power saving gains or for maximum number of PDCCH opportunities.


Of the options discussed in the table above, whilst option 1-2 has the potential to yield the highest benefits of the various schemes,  it comes with the following challenges

1 Specification effort

a. A new active time for PDCCH monitoring needs to be defined, including:
i. A new duration and inactivity timer.
ii. Behaviours for when this active time overlaps the conventional cDRX active times, options include:
1. Alt1:      Revise legacy cDRX functionality for non-PDCCH monitoring purposes only (i.e. RRM) and allow new LP-WUS MOs and LP-WUS triggered ACTIVE times to overlap (see Figure 1).
a. This revised legacy cDRX functionality may no longer be suitable for LP-WUS fallback, meaning that potentially an additional cDRX configuration may need to be defined.
2. Alt2:       Keep legacy cDRX functionality and use the nearest preceding LP-WUS to trigger that specific ACTIVE time	
a. If an earlier ACTIVE time overlaps, assume the duration and inactivity timer of the earlier ACTIVE time takes precedence for PDCCH monitoring.
iii. Whether the new ACTIVE time defined supports all the same functions (eg measurements) as the existing ACTIVE time or is restricted to DPCCH monitoring only is FFS.

2 New revised cDRX Configuration required.

a. Given how different this scheme is from the current scheme, to begin to maximise its’ power saving potential by exploiting LP-WUS to maintain/improve latency/scheduling performance, this scheme will most likely require very different cDRX settings, e.g. settings with short onDurations and/or longer cycle times. When LP-WUS coverage is good, this may be acceptable however when LP-WUS coverage is poor, such radically different cDRX settings may cause a serious degradation in performance. To avoid this, 2 cDRX configurations may need to be supported, one with LP-WUS and one without.


Observation 4:    	For the RRC CONNECTED mode LP-WUS monitoring outside C-DRX active time scheme, there are high power saving and latency gains to be gained but at the cost of increased specification effort.

Given our assessment of the cDRX schemes, and the potential power savings to gained, we have the following proposal.

Proposal 4:     	For RRC CONNECTED mode, RAN1 prioritises the further study of the LP-WUS monitoring outside C-DRX active time scheme.



On-Duration
DRX cycle
 PDCCH Occasions
 cDRX OnDuration

1. Used for non-PDCCH tasks (RRM)

2. Supports overlap LP-WUS/active time
New “With LP-WUS” cDRX Cycle

Longer cycle and shorter onDuration, reduces power consumed with RRM
New LP-WUS Active Time

1. Used for PDCCH Monitoring
LP-WUS MOs

Improved latency/
scheduling opportunities
LP-WUS Detected
Conventional cDRX without LP-WUS
 
LP-WUS to PDCCH Monitoring scheme using LP-WUS monitoring outside Active time
 

Figure 1:    Example of LP-WUS to PDCCH Monitoring scheme (Alt1) using
 LP-WUS monitoring outside Active time





[bookmark: _Toc163071514]

2.3	Duty cycle or continuous operation?

As observed within the TR, for idle mode operation, duty-cycled LP-WUS monitoring offers higher power saving gains. 

	
Compared with existing I-DRX operation, 
-	Significant UE power saving gain (up to more than 90%) is observed by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I-DRX operation (with and without PEI), if sufficient relaxation to MR RRM measurement is applied. 
-	For duty-cycled LP-WUS monitoring and same duty ratio, higher power saving gain is observed if the relative power consumption of LP-WUR ON for LP-WUS monitoring is lower.
-	For continuous LP-WUS monitoring, UE power saving gain is only observed if the relative power consumption of LP-WUR ON for LP-WUS monitoring is lower, e.g. no larger than 1 unit. 




Unlike idle mode, for connected mode, there are some use-cases that are extremely delay sensitive and have a high jitter, such as, XR traffic.   For schemes addressing this type of operation, the LP-WUS ‘latency’ should be short. This may require some consideration on how to define the UE LP-WUS monitoring for such scenarios. When considering the difference between continuous and duty-cycled monitoring, the difference is effectively only how frequently the LP-WUS monitoring occasions occur. For continuous monitoring the assumption is that the LP-WUS monitoring occasion would start at every (NR) symbol, while for duty cycled, some less frequent periodicity could be considered, e.g. at predefined symbols in a slot. For other type of traffic scenarios, i.e..  with C-DRX, the duty-cycled (periodic) would be suited. For the scheme presented in previous section, duty cycled LP-WUS monitoring would seem applicable. 
[bookmark: _Hlk162934579]Observation 5: 	For CONNECTED mode, duty-cycled (periodic) LP-WUS can be applied with C-DRX configuration.
In CONNECTED mode operation, where the MR power consumption is expected to dominate, applying more frequent LP-WUS monitoring is not expected to have a significant impact. More frequent monitoring may cause more frequent wake-ups due to false alarms. In IDLE/Inactive mode this can have a significant impact to the attainable power saving gain. However, in CONNECTED mode, more frequent LP-WUS monitoring is required to ensure low latency, thus the MR sleep could be assumed to be ‘very light’ i.e. micro sleep, in order to meet the low latency target, hence there would be no or very limited MR transition cost. 
Observation 6: 	For CONNECTED mode, more frequent LP-WUS monitoring has limited cost in terms of power saving gains.
A drawback of the continuous monitoring is that if it could limit the number of UEs that can be supported by LP-WUS as there is no possibility to TDM the LP-WUS for different UEs. So depending on how the LP-WUS message handles the UE multiplexing, continuous monitoring could either limit the number of individual UEs that can be supported and/or increase the false alarm of the UEs.
Observation 7: 	Continuous monitoring can prevent the use of TDM of different UEs, thus limiting the LP-WUS capacity in terms of  UEs that can be simultaneously supported.
Hence, as duty-cycled monitoring (periodic) would be the baseline, adapting that to achieve to ‘almost continuous’ monitoring could be considered. For example, one could envision, for CONNECTED mode especially, that LP-WUS monitoring occasions are defined like PDCCH monitoring is configured today, i.e. a search space defined by multiple ‘starting’ symbols for LP-WUS monitoring occasions within a slot. Evidently as LP-WUS has non-zero lengths and assuming that LP-WUS should not exceed slot boundary and should not fall to UL symbols, the actual viable monitoring occasions for LP-WUS would be limited.   
Proposal 5:     	For CONNECTED mode, duty-cycled (periodic) LP-WUS monitoring is considered the baseline.




[bookmark: _Toc163071515]2.4	Activation/Deactivation of LP-WUS monitoring

At the last RAN1#116 meeting the following agreement was made.  In this section, we provide some initial thoughts from the RAN1 perspective.

	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 above agreement, there is an FFSs regarding whether to support UE assistance.  


From a RAN1 perspective, from other ongoing measurements, we expect the network to be able to determine if the UE has the possibility to use LP-WUS or not.  

[bookmark: _Hlk163071939]Observation 8:   From ongoing measurements that the CONNECTED mode device is reporting, the network will have a reasonable, but not always accurate, view of the LP-WUS radio channel quality.

For the actual enabling of LP-WUS since:

1. the network is unaware of other UE activities that may impact the use of LP-WUS 
2. other UE measurements may not always be extrapolated in time and/or frequency to the LP-WUS operating region 

we support the following proposal.

Proposal 6:   	From a RAN1 perspective, explicit UE feedback to support the enabling/disabling of LP-WUS monitoring in CONNECTED mode is supported.

If after LP-WUS has been enabled,  the device is unable to use LP-WUS, then an option for the device explicitly indicate to the network a loss of LP-WUS service could prevent the network from wasting resources transmitting LP-WUS unnecessarily and also improve the device experience by allowing earlier reconfiguration to non-LP-WUS optimized mode of operation.

Proposal 7:    	From a RAN1 perspective, an option to support explicit UE feedback to indicate loss of LP-WUS in CONNECTED mode is supported.    

The final part of this agreement presents a lot of different options for the criteria used to define the transition to/from LP-WUS monitoring and PDCCH monitoring.  Below is a table, that provides our initial thoughts on the various options for the activation and deactivation of LP-WUS monitoring when LP-WUS functionality has been enabled.












	
	General Comments

	Option 1: 

No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
	In normal steady state operation, to minimise unnecessary power consumption and additional overheads, we should strive to keep LP-WUS activation and deactivation as simple as possible.

However, there will be times, when either the device or network knows it cannot use LP-WUS again, in which case one of the other options should be used.



	Option 2: 

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

	To allow the gNB to handle temporary shortages of LP-WUS resources (REs and/or power), the gNB could deactivate or re-activate LP-WUS operation, using:

DCI bits
MAC-CE values
LP-WUS payload



	Option 3: 

Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
	To prevent the scenario where the device is monitoring LP-WUS but has not detected a LP-WUS for a long period of time, due to either missing a gNB command to deactivate LP-WUS or loss of LP-WUS coverage, the following option is recommended:

1.  A LP-WUS inactivity timer which triggers either a fallback behaviour, some measurement check and/or UE feedback to the gNB.

Note, in general, we are against introducing a dummy periodic LP-WUS to avoid this problem.


	Option 4: 

Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission
	To minimise power consumption, the LR and MR should ideally never be on at the same time.  However, there could be times when the LR may be awake and monitoring for the WUS, when the MR is also awake performing ongoing measurements or sending an UL scheduling request.  For these collision scenarios, we see at least 3 options:

Option 1:    Specifications mandate that the UE does not expect to be configured with a Connected mode WUS monitoring occasion that collides an occasion that the MR is awake for measurement purposes.

Option 2:     Specifications mandate the UE behaviour in the event of this type of LR and MR collision and forces either the WUS monitoring or the measurement procedures to be dropped.

Option 3:      Specifications support the collision and leave it to UE implementation to decide how to support simultaneous measurement and WUS monitoring.

Of the above options, we prefer option 3 for the following reasons:

1.	Maximises scheduling opportunities for WUS occasions and MR measurements.
2.	Minimises specification changes.
3.	Given the WUS signal configuration (is it on the same band as that being used for measurements?) and MR architecture, there is the possibility the UE can turn off the LR during the collisions and migrate the WUS detection functionality to the MR that is already on performing measurements.






Proposal 8:   	The gNB supports a L1/L2 dynamic mechanism to indicate to UEs the temporary deactivation or reactivation of LP-WUS usage.
FFS:   Exact details of L1/L2 scheme


Proposal 9:   	A procedure is specified to describe what the UE should do in the event no LP-WUS has been detected for a configured period, that includes UE feedback to the network.


Proposal 10:     	Simultaneous monitoring and detection of WUS whilst the MR is ACTIVE (e.g. performing measurements, UL SR request), is supported.


[bookmark: _Toc163071516]2.5	LP-WUS operation with Release-17 PDCCH Skipping

In this sub-section we describe a possible use of LP-WUS to enhance the existing PDCCH skipping procedure either independently of the aforementioned LP-WUS schemes or to support particular LP-WUS schemes.

[bookmark: _Toc163071517]2.5.1   Background

For Release-17, 2 power saving schemes were specified that enabled the network to use either 1 or 2 bits within existing DCI-formats 0_1/0_2/1_1/1_2, to signal to a UE to either:

PDCCH Skipping:
Skip a pre-configured defined duration in which the UE is not required to monitor PDCCH monitoring. 

[image: ]

The 3 possible non-zero PDCCH skipping durations above, are preconfigured by RRC using the pdcch-SkippingDurationList-r17 IE


	pdcch-SkippingDurationList
Provides one or more values to derive the skipping duration in unit of slots, as specified in TS 38.213 [13], clause 10.4. The DCI which schedules data indicates which of the values is to be applied (see TS 38.213 [13], clause 10.4). For the 15kHz SCS, for each entry, only the first 26 values are valid and correspond to {1, 2, 3, …, 20, 30, 40, 50, 60, 80, 100}. For the 30kHz SCS, for each entry, only the first 46 values are valid and correspond to {1, 2, 3, …, 40, 60, 80, 100, 120, 160, 200}. For the 60kHz SCS, for each entry, only the first 86 values are valid and correspond to {1, 2, 3, …, 80, 120, 160, 200, 240, 320, 400}. For the 120kHz SCS, for each entry, the 166 values correspond to {1, 2, 3, …, 160, 240, 320, 400, 480, 640, 800}. For the 480kHz SCS, for each entry, the 166 values correspond to {4, 8, 12, …, 640, 960, 1280, 1600, 1920, 2560, 3200}. For the 960kHz SCS, for each entry, the 166 values correspond to {8, 16, 24, …, 1280, 1920, 2560, 3200, 3840, 5120, 6400}.




[bookmark: _Toc158194669]
[bookmark: _Toc163071518]2.5.2   Early Termination of PDCCH Skipping using LP-WUS

If traffic has a low latency requirement, but bursty traffic rate, the use of skipping can provide some power saving opportunities. However, the skipping duration can be set too aggressively due to the possible latency requirement of the traffic. This can be overcome if the LP-WUS can be used to terminate the PDCCH skipping duration. Hence, once PDCCH skipping is triggered by DCI UE would start to monitor LP-WUS.  If the LP-WUS is detected within PDCCH skipping period, it could trigger the termination of skipping and UE would resume PDCCH monitoring. 

Proposal 11:     	RAN1 study the use of LP-WUS to support early termination of PDCCH skipping.
[bookmark: _Toc158724800]

[bookmark: _Toc158724801][bookmark: _Toc163071520][bookmark: _Toc158194670]2.6	Supporting multiple UEs using one CONNECTED mode WUS

One feature of the existing Release 16 DCI based DCP WUS that we believe should be migrated to the new LP-WUS for connected mode, is the ability to use one WUS message to provide multiple UEs with their own UE-specific PDCCH monitoring indication bit.  For the release 16 version of this functionality, 

· the DCP DCI contains a single PDCCH indication bit for each of the UEs, to indicate if to monitor or not the next PDCCH. 
· RRC configuration is used to inform individual UEs which of the PDCCH indicator bits to use.

Whether this simple scheme can/should be copied across or whether a more sophisticated scheme is specified, can be studied further.

Proposal 12:    	A single LP-WUS message for connected mode, can support multiple UE specific PDCCH monitoring indicators for multiple UEs.
                      	FFS:   How LP-WUS payload is defined to support this functionality.


[bookmark: _Toc158194673][bookmark: _Toc158724805][bookmark: _Toc163071521]3.   Conclusions

In this document, we have discussed several different aspects of CONNECTED mode LP-WUS design.  From those discussions, we have the following observations and proposals.
Observation 1: 	For CONNECTED mode, LP-WUR time and frequency synchronisation can be provided by the MR. 

Observation 2:    	For the RRC CONNECTED mode LP-WUS monitoring configuration before drx-onDurationTimer scheme, specification effort is low but power saving gains are limited.

Observation 3:    	For the RRC CONNECTED mode LP-WUS monitoring inside C-DRX active time scheme, there is a trade-off to be made between either configuring for power saving gains or for maximum number of PDCCH opportunities.

Observation 4:    	For the RRC CONNECTED mode LP-WUS monitoring outside C-DRX active time scheme, there are high power saving and latency gains to be gained but at the cost of increased specification effort.

Observation 5: 	For CONNECTED mode, duty-cycled (periodic) LP-WUS can be applied with C-DRX configuration.

Observation 6: 	For CONNECTED mode, more frequent LP-WUS monitoring has limited cost in terms of power saving gains.

Observation 7: 	Continuous monitoring can prevent the use of TDM of different UEs, thus limiting the LP-WUS capacity, in terms of UEs, that can be simultaneously supported.

Observation 8:   From ongoing measurements that the CONNECTED mode device is reporting, the network will have a reasonable, but not always accurate, view of the LP-WUS radio channel quality.

Proposal 1: 	For CONNECTED mode, LP-SS is not needed during normal LP-WUR operation with LP-WUR. 

Proposal 2: 	For CONNECTED mode, there is no change to how existing MR based measurements (RRM/RLM/BFD/CSI) are determined when LP-WUS is enabled.

Proposal 3:     	For RRC CONNECTED mode, RAN1 deprioritises the support of LP-WUS schemes that operate without cDRX.

Proposal 4:     	For RRC CONNECTED mode, RAN1 prioritises the further study of the LP-WUS monitoring outside C-DRX active time scheme.

Proposal 5:     	For CONNECTED mode, duty-cycled (periodic) LP-WUS monitoring is considered the baseline.

Proposal 6:   	From a RAN1 perspective, explicit UE feedback to support the enabling/disabling of LP-WUS monitoring in CONNECTED mode is supported.

Proposal 7:    	From a RAN1 perspective, an option to support explicit UE feedback to indicate loss of LP-WUS in CONNECTED mode is supported.    

Proposal 8:   	The gNB supports a L1/L2 dynamic mechanism to indicate to UEs the temporary deactivation or reactivation of LP-WUS usage.
FFS:   Exact details of L1/L2 scheme

Proposal 9:   	A procedure is specified to describe what the UE should do in the event no LP-WUS has been detected for a configured period, that includes UE feedback to the network.

Proposal 10:     	Simultaneous monitoring and detection of WUS whilst the MR is ACTIVE (e.g. performing measurements, UL SR request), is supported.

Proposal 11:        RAN1 study the use of LP-WUS to support early termination of PDCCH skipping.

Proposal 12:    	A single LP-WUS message for connected mode, can support multiple UE specific PDCCH monitoring indicators for multiple UEs.
                      	FFS:   How LP-WUS payload is defined to support this functionality.
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