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[bookmark: _Ref521334010]Introduction
In RAN1#116, the following agreement were achieved for studying low-power wake-up signal and receiver (LP-WUS/WUR) for NR [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 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.
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.



This paper discusses the aspects of LP-WUS configuration and LP-WUS monitoring procedures with/without DRX configuration for RRC_CONNECTED mode.   
Discussion
During Rel-18 LP-WUS/WUR study, system level evaluation for the UE power saving and UPT benefit of using LP-WUS/WUR for RRC_CONNETED mode UEs with different traffic models including XR, FTP and IM were studied, respectively. Based on our simulation results shown in Table 1, we can see that with shorter C-DRX, more power saving gain could be achieved by using the LP-WUS/WUR due to the power consumption of DCP and SSB detection are the primary factors of the UE power consumption. The DCP is used for DRX adaptation to indicate whether UE should wake up in the subsequent DRX ON. Simulation assumptions are shown in Annex. 
[bookmark: _Ref157414086]Table 1：The power saving gain with variable C-DRX cycle for FTP traffic
	C-DRX cycle
	160ms
	80ms
	64ms
	40ms
	20ms

	Power saving gain 
	27.73%
	47.63%
	53.32%
	65.33%
	79.43%



Configuration of LP-WUS
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]The LP-WUS resource in time and frequency domain for LP-WUS would be UE specific configured for the RRC_CONNECTED mode UEs. How the radio resource in time and frequency domain for the LP-WUS is configured is discussed in this section.
[bookmark: _Ref157417431]UE specific higher layer configuration of LP-WUS resource and the sequence 
For RRC_CONNECTED mode, one radio resource for the LP-WUS can be configured to a UE by UE specific higher layer signaling. The LP-WUS design is common for UE in both RRC_CONNECTED mode and RRC_IDLE/INACTIVE modes. The LP-WUS signal should be designed with simple bit-sequence to allow the LP-WUR to decode the LP-WUS signal with ultra-low power consumption. The LP-WUS should be configured with UE specific LP-WUS sequence as L1 signaling for UE wakeup the MR by the LP-WUR with low power consumption. The LP-WUS sequence could include the UE specific control signaling or a set of control signaling for a group of UEs.  
· LP-WUS with UE specific control signalling: For LP-WUS sequence with UE specific control signalling, a UE specific resource is allocated for LP-WUS. LP-WUS can carry no more than 6 sets of information bits (1 set of information bit for wake-up indication and 5 sets of information bits for SCell dormancy indication).  The 5 sets of information bits for SCell dormancy indication should be within the design of LP-WUS payload size. However, the network overhead would be increased since each UE would have its own dedicated resource for LP-WUS.   
· LP-WUS with control signalling for one or more UEs in a group: For LP-WUS sequence containing the control signalling for a group of UEs, LP-WUS control signalling is used to indicate the MR wakeup at the subsequent DRX ON for DRX adaptation for more than one UE similar to that of DCI format 2_6.  The number of UE share the same LP-WUS will be limited by the payload size to indicate the control information for more than one UE. For example, if the the purpose of LP-WUS indication is wake-up indication and SCell dormancy indication, up to 12 sets of information bits of LP-WUS can support up to two UEs. If the L1 signalling only takes 1 bit for wake-up indication of DRX adaptation for each UE, it could support up to 12 UEs with the 12 sets of information bits in the LP-WUS payload. 
Proposal 1: For RRC_CONNECTED mode, the LP-WUS could be configured for one or more UEs for the control signaling to indicate the UE wake up in the subsequent DRX ON.    
The association of LP-WUS monitoring occasion and DCP monitoring occasions 
The LP-WUS can trigger MR to monitor DCP or replace DCP for UE wake up in DRX adaptation for UE power saving. For LP-WUS triggering MR monitor DCP, the LP-WUS monitoring occasion should be prior to the DCP monitoring occasion. For LP-WUS in place of DCP to trigger MR wake up of DRX adaptation, the LP-WUS  needs to be before the DCP monitoring occasion in case of  UE cannot detect LP-WUS and requires to go back to monitor DCP for DRX adaptation. Thus, the monitoring occasion of LP-WUS should be an offset before the DCP monitoring occasion. In RRC_CONNECTED mode, the MR would only enter deep/light/micro sleep state and not enter the ultra-deep sleep state to allow fast transition of turning on MR. The offset value of the LP-WUS monitoring occasion relative to the DCP monitoring occasion should be configured based on the transition time from the sleeping state to active state and the UE preparation of the coherent demodulation.  
Proposal 2: For RRC_CONNECTED mode, the offset value of the LP-WUS monitoring occasion relative to the DCP monitoring occasion should be configured based on the transition time from the sleeping state to active state and the UE preparation of the coherent demodulation. 
It was agreed in RAN1#116 that the minimum time gap between LP-WUS reception and MR to start PDCCH monitoring was introduced to allow the UE preparation of MR processing after indication from LP-WUS. In Rel-16, two minimum time gap (i.e. Value 1 and Value 2) between DCP reception and UE to start PDCCH monitoring was introduced with large value based on the consideration of the processing time of SCell BWP switching for SCell dormancy indication. The value of the minimum time gap is a UE capability based on subcarrier spacing. The reported value for a SCS is taken from two possible values per SCS [3]. The Value 1 and Value 2 correspond to different transition time for UE wake up, respectively. For example, when the functionality of DCP includes the SCell dormancy indication, the required transition time is large due to the SCell dormancy is based on the BWP switching of the current BWP to the dormant BWP. UE will report the Value 2. If the functionality of DCP only includes wake-up indication, the Value 1 is reported. Thus, for Rel-19 LP-WUS, whether the minimum time gap between LP-WUS reception and MR to start PDCCH monitoring can be more than one depends on whether the functionality of LP-WUS includes the SCell dormancy indication. If the Scell dormancy indication is included in the functionality of LP-WUS, more than one minimum time gap values should be supported, otherwise one minimum time gap value is enough. 
[bookmark: _Ref156551908]Proposal 3: Whether the minimum time gap can be more than one depends on the functionality of LP-WUS. 
UE procedure of LP-WUS monitoring and decoding 
The LP-WUS monitoring procedure may affect the LP-WUS design. In Rel-16, the DCI format 2_6 for RRC_CONNECTED mode UEs was introduced for indicating UE wakeup only there is a DL traffic arrival at each DRX cycle for DRX adaptation to achieve UE power saving, as shown in Figure 1. However, the preparation and the coherent detection/decoding of the DCI format 2_6 on PDCCH for wakeup indication periodically before the DRX still demand large UE power consumption. 



[bookmark: _Ref163052605][bookmark: _Ref156553302]Figure 1: Rel-16 DCP procedure
In RAN1#116, following agreement was made for LP-WUS procedures to trigger PDCCH monitoring:
	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.



[bookmark: _Hlk157518868]In Option 1-1, the significant UE power saving gain can be achieved by reducing power consumption with the ultra-low power consumption of LP-WUS detection compared to that in the preparation and detection of DCP [2], as shown in Figure 2. In Rel-16, the DCI format 2_6 is used for DRX adaptation and SCell dormancy indication for one or more UEs with N blocks, where each block contains 1 bit wake-up indication and 0~5bits SCell dormancy indication. A UE in the group monitors PDCCH for detection of DCI format 2_6 according to a common search space. More than one UE can monitor the control signaling of DRX adaptation and SCell indication from DCI format 2_6. By replacing DCP with LP-WUS, the LP-WUS monitoring occasion can be monitored by one or more UEs as discussed in the section 2.1.1. The trade-off of the LP-WUS configuration is between LP-WUS resource overhead and the configuration and detection of LP-WUS payload for more than one UE. 



[bookmark: _Ref163052688]Figure 2: LP-WUS replace of DCP
Proposal 4: For LP-WUS in place of DCP scheme, the trade-off of the LP-WUS configuration is between LP-WUS resource overhead and the configuration and detection of LP-WUS payload for more than one UE. 
[bookmark: _Hlk162862250]In Option 1-2, the LP-WUS is monitored outside C-DRX active time. Once the minimum time gap is satisfied, the corresponding PDCCH monitoring is triggered can be before or after the start of the drx-onDurationTimer irrespective of drx-onDurationTimer, as shown in Figure 3.  Option 1-2 would violate the protocol function of C-DRX that the control of the PDCCH monitoring by MAC through the drx-onDurationTimer when C-DRX is configured and should NOT be supported. In Option 1-3, the LP-WUS is monitored inside C-DRX active time to reduce the unnecessary PDCCH monitoring. Option 1-3 is to have the LP-WUS in place of Search Space for the PDCCH monitoring indication.   


[bookmark: _Ref163052720][bookmark: _Ref162340835]Figure 3: Illustration of Option 1-2 and Option 1-3
In Case 2, UE will have no  DRX  configuration if the traffic arrival is expected very frequent or periodic with short periodicity. The UE would not go to deep/light sleep mode to allow fast network access and service by frequent PDCCH monitoring when DRX is not configured. In order to minimize the latency of the service, the PDCCH monitoring occasion indicated by search space would have very short monitoring cycle, e.g., every slot, to minimize the scheduling delay. The PDCCH monitoring would have large amount of power consumption if the traffic does not arrive in time or waiting for the traffic to arrive. The LP-WUS is used in the scenario of UE without DRX configuration to trigger the MR PDCCH monitoring in place of the PDCCH monitoring occasion indicated from the search space. For XR use case, with short data generation cycle e.g. 16.67ms and the jitter range e.g. [-8,8]ms, the UE monitoring the LP-WUS without DRX configuration can bring significant UE power saving gain and without introducing additional latency. As shown in Figure 4, once the LP-WUS is detected, the UE resume PDCCH monitoring with short PDCCH monitoring cycle. Since the LP-WUS monitoring would be configured with short cycle with the consideration of overhead of the LP-WUS, the LP-WUS can indicate the number of slots after LP-WUS decoding for the PDCCH monitoring.  


[bookmark: _Ref163052740]Figure 4: LP-WUS monitoring procedures without DRX
Proposal 5: When UE is NOT configured with DRX, the LP-WUS can indicate the number of slots after LP-WUS decoding for the PDCCH monitoring to achieve the UE power saving by reducing the power consumption in PDCCH monitoring.
Activation/deactivation of LP-WUS monitoring
	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.



It was agreed in RAN1#116 that the PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling. Whether to support UE assistance is further discussed. The enabled/disabled of the PDCCH monitoring in RRC_CONNECTED mode can be well-controlled by gNB. gNB can determine to enable/disable LP-WUS monitoring without any UE assistance information. For example, gNB may apply the historical average channel quality information of all UEs to determine whether enable or disable LP-WUS monitoring autonomously to achieve, power saving can be achieved without UE reporting on the condition of LP-WUS monitoring. Considering the power saving is main target for LP-WUR, gNB RRC signaling with UE assistance should not be supported.
Proposal 6: NOT support UE assistance for PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling.
When LP-WUS monitoring is enabled, the LP-WUS monitoring should be active all the time for the UE power saving. The LP-WUS is used for the low power consumption of LP-WUR in detecting LP-WUS to achieve further UE power saving. Thus, the benefit of deactivation of LP-WUS monitoring is not clear. In other words, the use case for dynamic activation and deactivation of LP-WUS monitoring shows no benefit in achieving UE power saving. Thus, no additional indication/condition is introduced for activation/deactivation of LP-WUS monitoring (i.e. Option 1) can be supported. 
Proposal 7: Support Option 1: No additional indication/condition is introduced for activation/deactivation of LP-WUS monitoring. 
Coexistence with existing UE power saving features
When the LP-WUS is configured to trigger MR wake up for DCP monitoring, the LP-WUR monitors the LP-WUS to indicate the MR to decode the DCI format 2_6 for DRX adaption and SCell dormancy indication, as shown in Figure 5. If the LP-WUS does not indicate MR wake-up to monitor DCP, UE would continue sleeping to achieve UE power saving. The overhead of the LP-WUS indication of DCP monitoring is minimized, e.g., 1 bit for each UE. Thus, the LP-WUS can be designed to indicate more than one UE with capacity up to 12 UEs. 


[bookmark: _Ref163052758]Figure 5: LP-WUS trigger MR monitor DCP
Proposal 8: For LP-WUS trigger MR monitor DCP, the LP-WUS can be designed to indicate more than one UE with capacity up to 12 UEs. 
Conclusion
In this contribution, we discuss aspects of LP-WUS configuration and LP-WUS monitoring procedure with/without DRX configuration for RRC_CONNECTED mode and give the following proposals.
Proposal 1: For RRC_CONNECTED mode, the LP-WUS could be configured for one or more UEs for the control signaling to indicate the UE wake up in the subsequent DRX ON.    
Proposal 2: For RRC_CONNECTED mode, the offset value of the LP-WUS monitoring occasion relative to the DCP monitoring occasion should be configured based on the transition time from the sleeping state to active state and the UE preparation of the coherent demodulation. 
Proposal 3: Whether the minimum time gap can be more than one depends on the functionality of LP-WUS. 
Proposal 4: For LP-WUS in place of DCP scheme, the trade-off of the LP-WUS configuration is between LP-WUS resource overhead and the configuration and detection of LP-WUS payload for more than one UE. 
Proposal 5: When UE is NOT configured with DRX, the LP-WUS can indicate the number of slots after LP-WUS decoding for the PDCCH monitoring to achieve the UE power saving by reducing the power consumption in PDCCH monitoring.
Proposal 6: NOT support UE assistance for PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling.
Proposal 7: Support Option 1: No additional indication/condition is introduced for activation/deactivation of LP-WUS monitoring. 
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Annex
Table 2: Evaluation assumptions for RRC_CONNECTED mode
	Parameters
	Value

	Scenario and frequency
	Dense Urban: 4GHz (TDD)

	Number of RX chains for LP-WUR
	1Rx

	BW of gNB
	100M

	Number of TxRUs for BS
	64TxRUs

	SCS
	30kHz

	Sync/re-sync for main radio after deep sleep
	1 SSBs

	LP-WUS monitoring
	Continuously monitoring

	Traffic Model
	[bookmark: OLE_LINK38][bookmark: OLE_LINK44][bookmark: OLE_LINK112][bookmark: OLE_LINK113]FTP 3 traffic model:
200ms inter-arrival time
0.5Mbytes packet size

	DCP configuration
	PS-offset = 1
Duration =1 slot
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