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1. Introduction
In this contribution, we present our views for the LP-WUS operation in CONNECTED modes.
1. 
2. 
2. Procedures of LP-WUS triggering PDCCH monitoring
In RAN1#116bis meeting, following agreements were made [1]:

	Agreement
· Update the following agreement in RAN1#116 in red:
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
· [bookmark: _Hlk166143774]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



In the following, our views are provided for above options for LP-WUS operation 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 
As shown in Figure 1, Option 1-1 is to use LP-WUS to achieve the similar function as Rel-16 DCP in terms of indicating “whether” to start the next drx-onDurationTimer. The procedure of Option 1-1 on the start and stop of LP-WUS and PDCCH monitoring is clear. The main benefit for Option 1-1 is simple with the least specification impact. However, there is no power saving gain brought by LP-WUS during DRX active time or no traffic latency reduction outside DRX active time. It was proposed that short DRX cycle can be configured for Option 1-1 to reduce the power consumption for PDCCH monitoring. However, on one hand, same as for Rel.16 DCP that LP-WUS should not be applicable for the short DRX cycle; on the other hand, short DRX would increase the MR power consumption for RLM/BM/BFD/RRM measurements. 
Observation 1: For Option 1-1 that LP-WUS is used to trigger the starting of the drx-onDurationTimer, , if the short C-DRX cycle is configured, UE power concumption cannot be reduced since short DRX cycle would increase the MR power consumption for RLM/BM/BFD/RRM etc.measurements.
Another discussion point is whether LP-WUS needs to also achieve another function of DCP for SCell dormancy indication. Although it would be nice for LP-WUS to support it, it is not essential function/feature for LP-WUS, especially considering the limited payload size of LP-WUS compared to the DCI format 2_6. In addition, the SCell dormancy indication can be achieved by other DCI formats e.g., DCI format 0_1/0_2/0_3/1_1/1_2/1_3. Therefore, we prefer that LP-WUS does not support the SCell dormancy indication. 
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Figure 1: Example for Option 1-1 of LP-WUS replaces Rel-16 DCP
Proposal 1: LP-WUS does not support SCell dormancy indication.  
· Option 1-2: LP-WUS monitoring outside C-DRX active time generated by drx-onDurationTimer 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
For Option 1-2-1, to achieve the power saving gain compared to legacy C-DRX, it should be used together with Option 1-1 that LP-WUS is also used as DCP. As shown in Figure 2-1, outside legacy C-DRX active time before drx-onDurationTimer, if LP-WUS is detected, then the drx-onDurationTimer starts and the UE starts PDCCH monitoring within the legacy C-DRX active time. Therefore, no power saving gain can be achieved during the legacy C-DRX active time. If LP-WUS is not detected outside legacy C-DRX active time before drx-onDurationTimer, then the drx-onDurationTimer does not start, and the UE continues monitoring LP-WUS.

Figure 2-1: Option 1-2-1 used together with Option 1-1 

For Option 1-2-2, the PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. Only when LP-WUS is detected, UE wakes up MR to monitor the PDCCH. Option 1-2-2 still keeps DRX cycle configuration for measurement and runs other DRX related Timers like drx-RetransmissionTimer, drx-HARQ-RTT-Timer etc. Compared to Option 1-2-1 combined Option 1, Option 1-2-2 works standalone can obtain more power saving and achieve similar latency.    


Figure 2-2: Option 1-2-2 that PDCCH monitoring is not triggered by legacy onDurationTimer/C-DRX cycle  
Observation 2: From latency reduction perspective, Option 1-2-1 combined with Option 1-1 and Option 1-2-2 are comparable. From power saving perspective, Option 1-2-1 combined with Option 1-1 still result in more power consumption, given that PDCCH monitoring is still needed based on legacy C-DRX cycle and drx-onDurationTimer if LP-WUS is successfully detected.  
· 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.
Option 1-3 is beneficial especially for XR use case with unpredictable jitter. Option 1-3 works like following and Figure 3 gives one example:
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Figure 3: Example for Option 1-3 of monitoring WUS within the DRX on Duration time
[bookmark: _Hlk156650836]A UE starts to monitor LP-WUS instead of PDCCH from the beginning of drx-onDurationTimer and the UE resumes PDCCH monitoring from micro or light sleep of MR once WUS is detected. During DRX active time, the UE resumes/starts WUS monitoring and stops PDCCH monitoring when UE receives the PDCCH skipping indication. By replacing the unnecessary PDCCH monitoring with more power efficient LP-WUS detection within DRX active time, more power saving benefit with no or acceptable impact on traffic latency/capacity can be achieved depending on micro or light sleep of MR. As shown in [2], for the scenario that there are both DL and UL XR traffics, compared to the existing Rel-15/Rel-16/Rel-17 power saving schemes, LP-WUS monitoring combined with MR micro sleep can bring {8%~18%} additional UE power saving gain with no capacity loss in both low load and high load cases, and the LP-WUS monitoring combined with MR light sleep can bring {15%~17%} additional UE power saving gain, with acceptable capacity impact at least in low load case. However, Option 1-3 cannot reduce traffic latency in case the traffic arrives outside the C-DRX active time.
Observation 3: Option 1-3 can achieve power saving benefit within C-DRX active time with limited impact on the capcacity. While Option 1-3 cannot reduce the traffic latency in case the traffic arrives outside the C-DRX active time.   
According to TR 38.869, we provide the performance comparsion for above options for LP-WUS trigerring PDCCH monitoring in following Table 1.
Table 1: Performance comparsion for different options for LP-WUS triggering PDCCH monitoring
	Option 1-1
	[bookmark: _Hlk163117999]Option 1-2-2
	Option 1-3

	For FTP and IM traffic and compared with existing power saving techniques:
· PSG (power saving gain): Up to more than 30%;
· UPT: less than 10% loss
	For FTP and IM traffic and compared with existing power saving techniques:
· When UE MR enters deep sleep during LP-WUS monitoring:
· PSG: Up to more than 60%; 
· UPT: up to more than 10% gain for FTP traffic, up to more than 180% gain for IM traffic

· When UE MR enters light sleep during LP-WUS monitoring:
· PSG: lower or no UE power saving gain; 
· UPT gain: up to more than 50% gain

For FTP traffic and compared with UE MR always-on PDCCH monitoring
· PSG: Up to more than 40% 
· UPT: Similar UPT
	For XR traffic and compared with existing power saving techniques:
· PSG: up to more than 10% across different types of XR traffic and system load.
· Capacity: The impact to the XR capacity is marginal when the UE MR enters the micro sleep state during LP-WUS monitoring.

	Note1: the results refer to TR 38.869 conclusion part.
Note2: RAN1 has carried out system level evaluations for the UE power saving and UPT benefit of using LP-WUS/WUR for CONNETED mode UEs with different traffic types including XR, FTP and IM. 
Note3: the above results of different LP-WUS monitoring schemes are provided by compared with the existing power saving techniques, including Rel-15 long/short C-DRX cycle, Rel-16 DCP, Rel-17 PDCCH skipping/SSSG switching and Rel-18 enhanced C-DRX for non-integer periodicities are used for in the evaluation comparison.



To determine the procedures of LP-WUS triggering PDCCH monitoring, the options that can achieve better power saving and UPT performance should be prioritized. From Table 1, Option 1-2-2 is the best option, which can achieve up to more than 60% power saving gain for deep sleep and up to more than 10% UPT gain for FTP traffic, up to more than 180% UPT gain for IM traffic. Therefore, following is proposed:   
Proposal 2: From RAN1 perspective, Option 1-2-2 that PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS is preferred and should be prioritized.
· RLM/BFD/RRM measurement and CSI measurement for CSI reporting is still subject to C-DRX configuration as legacy.
3. Timeline between LP-WUS reception and PDCCH monitoring
In RAN1#116 meeting, following agreements were achieved [2]:
	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


In order to keep the same understanding between UE and the network on when MR is able to monitor PDCCH, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring was agreed to be introduced. The detailed values for the time gap can be decided in the WI later phase by considering the factors listed in above agreements. About the two FFS, in our view, the minimum time gap values can be more than one which is associated with different MR sleep states. For example, 20ms, 6ms and 0ms can be the minimum time gap supported by a UE so that MR can enter deep, light and micro sleep respectively. 
On whether a UE can report supported minimum time gap from candidate values, we think it is beneficial from UE implementation perspective to allow the UE to report multiple minimumtime gap values for MR wake up. For example, a UE can support three minimum time gaps like 20ms, 6ms and 0ms, while the other UE can only support two minimum time gaps like 20ms, 0ms. After receiving the supported minimum time gap reported from the UE, the network can configure UE with one time gap between the WUS monitorting occasion and the time when MR can starts PDCCH monitoring. Based on the network’s configuration, the UE determines which sleep mode it can enter. For example, in case UE reports two transition time values of 20ms (MR can enter deep sleep) and 6ms (MR can enter light sleep), the network configures the transition time/time gap is 8ms, it means UE MR is allowed to enter light sleep and cannot enter deep sleep. 
[bookmark: _Hlk159260877]Proposal 3: Support UE can report one or more than one minimum time gap value(s) between LP-WUS reception and MR to start PDCCH monitoring e.g., 
• Different minimum time gap values can be associated with different MR sleep states
Proposal 4: Support network configures one time gap between LP-WUS reception and MR starting PDCCH monitoring.
4. Activation and deactivation procedure for LP-WUS monitoring 
In RAN1#116 meeting, following agreements were achieved [2]:
	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.
· [bookmark: _Hlk162254372]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
· [bookmark: _Hlk165390249]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.



As agreed, gNB RRC signaling should be used for enable/disable the procedure/feature of PDCCH monitoring triggered by LP-WUS. When UE correctly decodes the PDSCH carrying the RRC signalling for enabling the LP-WUS operation, UE will feedback ACK to network, then gNB can know the UE starts LP-WUS monitoring. During LP-WUS monitoring, UE RRM/RLM/BFD/CSI measurements are still performed by MR in RRC connected mode. Therefore, based on the measurement report, gNB can disable the LP-WUS operation by RRC signalling before it loses the control of UE’s LP-WUS monitoring. Therefore, we think additional indication from UE is not necessary for gNB to know UE’s LP-WUS monitoring behavior. In addition, after LP-WUS monitoring is enabled, it should be the common understanding that if the LP-WUS is not detected on a WUS MO by a UE, the UE should not wake up the MR for PDCCH monitoring.   
Proposal 5: In RRC_CONNECTED mode, UE indication to indicate whether it monitors LP-WUS is not needed.  
Proposal 6: In RRC_CONNECTED mode, if the LP-WUS is not detected on a WUS monitoring occasion (MO) by the UE, UE does not wake up the MR for PDCCH monitoring. 
In case LP-WUS monitoring is already enabled by the RRC signaling, the options specifally for option 2 and 3 listed in above agreement from our understanding are about switching between LP-WUS monitoring and PDCCH monitoring. Therefore, Option 1 that No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring is not necessarily to be discussed. We can directly discuss the Option 2 and Option 3.  
Observation 4: After LP-WUS monitoring is enabled by RRC signalling, the activation/deactivation of LP-WUS monitoring by Option 2 of gNB L1/L2 signaling and/or Option 3 of condition(s), such as timer are options for switching between LP-WUS monitoring and PDCCH monitoring. 

· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
For Option 2, the L1/L2 activation/deactivation signaling can be implicitly indicated by PDCCH skipping signalling or introducing a new L1/L2 LP-WUS activation/deactivation signaling. For example, when LP-WUS monitoring is configured by RRC signalling, UE starts monitoring the LP-WUS. When LP-WUS is detected, the UE starts and continues monitoring the PDCCH until the UE receives an L1/L2 activation signalling for LP-WUS. Option 2 is straightforward and gNB can dynamically switch the PDCCH monitoring and LP-WUS monitoring.   
  
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
Following conditions are discussed in previous meetings. 
· Condition 1: the insufficient coverage of LP-WUS
· Condition 2: Timer based activation/deactivation of WUS monitoring.
For Condition 1 of insufficient coverage of LP-WUS, as discussed, for RRC-connectd UE, RRM/RLM/BFD/CSI measurements are performed by MR and network can use RRC signalling or L1/L2 signalling to disable or deactiavte the WUS operation based on the measurement results. 
For Condition 2 of Timer based activation/deactivation. Following two types of timers are considered. 
· First type of Timer can be viewed as LP-WUS activation Timer that is used to activate/resume LP-WUS monitoring. When LP-WUS is detected, UE starts PDCCH monitoring and and starts the LP-WUS activation Timer. The LP-WUS activation Timer (re-)starts when PDCCH is detected. At the expiration of the LP-WUS activation Timer, the UE stops monitoring PDCCH and starts/resumes WUS monitoring. 
· Second type of Timer can be viewed as LP-WUS deactivation Timer that is used to avoid the case that UE does not receive the WUS for a long time, that may because of the bad channnel condition for WUS monitoring. The motivation for WUS deactivation Timer is the same as Condition 1. Therefore, in our view, Condition 1 and WUS deactivation Timer are not needed.   
Proposal 7: After LP-WUS monitoring is enabled by RRC signalling, the conditions used for LP-WUS deactivation due to poor channel conditions for LP-WUS monitoring is not needed. 

· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.
In case uplink transmission such as SR, PRACH, Configured Grant (CG) PUSCH are triggered by UE self, the UL transmisisons should be transmitted irrespective WUS monitoring. From our understanding, it is the leagcy UE behavior and should not be impacted by the introduction of LP-WUS.  
Based on above discussion, following proposals are made: 
Proposal 8: For UE in RRC_CONNECTED mode, UL transmissions such as SR, PRACH and CG PUSCH should not be impacted by the introduction of LP-WUS.  
[bookmark: _Hlk159158615]Proposal 9: For UE in RRC_CONNECTED mode, in case LP-WUS monitoring is enabled by RRC signalling, switching from PDCCH monitoring to LP-WUS monitoring is supported by gNB L1/L2 signaling. 
· Existing PDCCH skipping signalling can be used for activation of LP-WUS monitoring.  
5. WUS monitoring occasions
Based on the WID [3], at least duty-cycled monitoring of LP-WUS is supported. For duty-cycle based LP-WUS monitoring, in case the periodicity is configured very short, it is similar as continuous LP-WUS monitoring. 
Observation 5: short duty cycle can achieve the similar effect of continuous LP-WUS monitoring. 
In addition, it is beneficial to configure multiple monitoring occasions for LP-WUS monitoring within a periodicity. Such configuration enables LP-WUS transmission with beam-sweeping and also to provide some flexibility for network to have a chance to transmit the LP-WUS at the LP-WUS MOs that are not deprioritized or blocked by UL symbols or other high priority NR signals/channels. In addition, as discussed in section 2, flexible LP-WUS MO configurations to support different use cases like LP-WUS operation with/without DRX configuration should be provided by the configuration of duty-cycled based LP-WUS monitoring. Therefore, we think multiple LP-WUS multiple occasions within a periodic monitoring window should be supported. Figure 5 gives one example.   
[image: ]
[bookmark: _Ref135063146]      Figure 5: Illustration of duty cycled monitoring for LP-WUS
[bookmark: PP12]Proposal 10: LP-WUS occasion(s) is determined by a WUS monitoring Periodicity, Offset, WUS monitoring Window and WUS monitoring pattern within the window where multiple LP-WUS monitoring occasions can be configured in the LP-WUS monitoring window within each period.
6. [bookmark: PP6]LP-WUS Payload and Content
In RAN1#116bis meeting, following agreements were achieved [1]:
	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
Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g, by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g. whether above is applicable to one or more serving cells)



In RAN1 #116bis meeting, RAN1 discussed options for LP-WUS information bits for RRC connected UEs, based on codepoint and/or bitmap scheme in general. 
Unlike RRC idle/inactive state, gNB has more flexibility to provide proper UE-specific LP-WUS configuration, to accommodate UE-specific traffic and data arrival time as well as reasonable overhead for LP-WUS. In case of UEs with totally different traffic characteristics, using UE-specific LP-WUS, e.g., with a codepoint value corresponding to one UE, can achieve minimum latency and desirable power saving gain. However, with increase of number UEs, such UE-specific LP-WUS would consume large network overhead. In case of multiple UEs with similar traffic characteristics, using UE-group common LP-WUS, e.g., with a codepoint value corresponding to one subgroup and bitmap corresponding to one or multiple UEs within the group, can achieve reasonable latency and desirable power saving gain with smaller network overhead. Therefore, it is beneficial to support a flexible framework for bitmap and codepoint for various scenarios.   
Proposal 11: Support a flexible frame work for bitmap and codepoint for RRC connected state. A LP-WUS can include X bits for codepoint plus Y bits for bitmap, where X and Y is configurable. 
· If X=0, LP-WUS information is indicated by a UE specific or UE-group specific bitmap. 
· If Y=0, LP-WUS information is indicated by a UE specific or UE-group specific codepoint. 
· [bookmark: _Hlk162982110]If X ≠0 and Y≠0, , e.g., LP-WUS information is indicated by sub-group codepoint and bitmap for UEs within the subgroup. 
There are two FFSs, first FFS on how to carry LP-WUS information by overlaid OFDM sequences, our views are provided in [5] AI 9.6.1. About the FFS whether the LP-WUS information to trigger PDCCH monitoring is applicable to one or more serving cells, it is also related to the LP-WUS procedures to trigger PDCCH monitoring discussed in section 2. Our views are following:
For LP-WUS procedure Option 1-1 that is LP-WUS replace DCP functionality, to reduce the discussion and specification efforts, it is simpler and straightforward to use the same way as adopted for Rel-16 DCP, that is the LP-WUS information should be applicable to all the activated serving cells.
Proposal 12: For LP-WUS procedure Option 1-1 that LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer, the LP-WUS information should be applicable to all the activated serving cells.
For LP-WUS procedure Option 1-2 or Option 1-3 that LP-WUS monitoring outside or inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring, two options can be considered on whether/how the LP-WUS information is applicable to one or more serving cells.
· Option a: One LP-WUS information is applicable to a single scheduling cell
· Option a-1: Independent/per LP-WUS configuration to trigger PDCCH monitoring per scheduling cell
· Option a-2: LP-WUS indicates which serving cell the triggered PDCCH monitoring is applied to
· Option b: One LP-WUS information can be applied to one or more scheduling cells based on NW configuration. 
Option a provides the more flexibility at the cost of the more overhead. Especially for Option a-2 is not preferred considering the limited payload size of the LP-WUS. Option b also provides some flexibility for the network and smaller overhead. Since the LP-WUS triggering PDCCH monitoring option 1-2 and option 1-3 work with C-DRX configuration and C-DRX configuration applies to all active serving cells, it makes sense to apply the same LP-WUS information to one or multipe active scheduling cell. In other word, option b already provides sufficient flexibility with small overhead.       
Proposal 13: For LP-WUS procedure Option 1-2/Option 1-3 that LP-WUS monitoring outside/ inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring, based on NW configuration, the LP-WUS information can be applied to one or more scheduling cells. 
In case LP-WUS payload structure is based on the codepoint and bitmap, assuming ~100 UEs share the same WUS indication and are classified into different UE groups. At one LP-WUS MO, only one UE group can be indicated by the codepoint and some or all UEs within the indicated UE group can be indicated by the bitmap to wake up. For an extreme case of all ~100 UEs to be waken up, the total resource overhead caused by 8-bit LP-WUS is ~2.7 times higher than 16-bit LP-WUS, the flexibility for per-UE level wake up by 8-bit LP-WUS is ~4.3 times lower than 16-bit LP-WUS .   
Table 2. Comparsion between 8-bit and 16-bit LP-WUS
	WUS Payload
	Structure
	Total number of UEs
	Number of per UE indication
	Overhead assuming 8-bit payload needs 4 symbols

	8 bits
	· Group indication: 5 bits
· Per-UE indication within a group: 3bits
	96
	3 
	To wake up the 96 UEs, need 32*(8+8)/8*4= 256 symbols

	16 bits
	· Group indication: 3 bits
· Per-UE indication within a group: 13 bits
	104
	13 
	To wake up the 104 UEs, need 8*(16+8)/8*4= 96 symbols


Based on above, we propose following:
Proposal 14: For RRC_CONNECTED mode, maximum number of LP-WUS information bits is up to 16 bits.  
7. Conclusion
In this contribution, we provide our views on LP-WUS operation for UEs in RRC CONNECTED modes. The observations and proposals are summarized as follows.
Observations
Observation 1: For Option 1-1 that LP-WUS is used to trigger the starting of the drx-onDurationTimer, , if the short C-DRX cycle is configured, UE power concumption cannot be reduced since short DRX cycle would increase the MR power consumption for RLM/BM/BFD/RRM etc.measurements.
Observation 2: From latency reduction perspective, Option 1-2-1 combined with Option 1-1 and Option 1-2-2 are comparable. From power saving perspective, Option 1-2-1 combined with Option 1-1 still result in more power consumption, given that PDCCH monitoring is still needed based on legacy C-DRX cycle and drx-onDurationTimer if LP-WUS is successfully detected.  
Observation 3: Option 1-3 can achieve power saving benefit within C-DRX active time with limited impact on the capcacity. While Option 1-3 cannot reduce the traffic latency in case the traffic arrives outside the C-DRX active time.  
Observation 4: After LP-WUS monitoring is enabled by RRC signalling, the activation/deactivation of LP-WUS monitoring by Option 2 of gNB L1/L2 signaling and/or Option 3 of condition(s), such as timer are options for switching between LP-WUS monitoring and PDCCH monitoring. 
Observation 5: short duty cycle can achieve the similar effect of continuous LP-WUS monitoring. 

Proposals
Proposal 1: LP-WUS does not support SCell dormancy indication.  
Proposal 2: From RAN1 perspective, Option 1-2-2 that PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS is preferred and should be prioritized.
· RLM/BFD/RRM measurement and CSI measurement for CSI reporting is still subject to C-DRX configuration as legacy.
Proposal 3: Support UE can report one or more than one minimum time gap value(s) between LP-WUS reception and MR to start PDCCH monitoring e.g., 
• Different minimum time gap values can be associated with different MR sleep states
Proposal 4: Support network configures one time gap between LP-WUS reception and MR starting PDCCH monitoring.
Proposal 5: In RRC_CONNECTED mode, UE indication to indicate whether it monitors LP-WUS is not needed.  
Proposal 6: In RRC_CONNECTED mode, if the LP-WUS is not detected on a WUS monitoring occasion (MO) by the UE, UE does not wake up the MR for PDCCH monitoring. 
Proposal 7: After LP-WUS monitoring is enabled by RRC signalling, the conditions used for LP-WUS deactivation due to poor channel conditions for LP-WUS monitoring is not needed. 
Proposal 8: For UE in RRC_CONNECTED mode, UL transmissions such as SR, PRACH and CG PUSCH should not be impacted by the introduction of LP-WUS.  
Proposal 9: For UE in RRC_CONNECTED mode, in case LP-WUS monitoring is enabled by RRC signalling, switching from PDCCH monitoring to LP-WUS monitoring is supported by gNB L1/L2 signaling. 
· Existing PDCCH skipping signalling can be used for activation of LP-WUS monitoring.  
Proposal 10: LP-WUS occasion(s) is determined by a WUS monitoring Periodicity, Offset, WUS monitoring Window and WUS monitoring pattern within the window where multiple LP-WUS monitoring occasions can be configured in the LP-WUS monitoring window within each period.
Proposal 11: Support a flexible frame work for bitmap and codepoint for RRC connected state. A LP-WUS can include X bits for codepoint plus Y bits for bitmap, where X and Y is configurable. 
· If X=0, LP-WUS information is indicated by a UE specific or UE-group specific bitmap. 
· If Y=0, LP-WUS information is indicated by a UE specific or UE-group specific codepoint. 
· If X ≠0 and Y≠0, , e.g., LP-WUS information is indicated by sub-group codepoint and bitmap for UEs within the subgroup. 
Proposal 12: For LP-WUS procedure Option 1-1 that LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer, the LP-WUS information should be applicable to all the activated serving cells.
Proposal 13: For LP-WUS procedure Option 1-2/Option 1-3 that LP-WUS monitoring outside/ inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring, based on NW configuration, the LP-WUS information can be applied to one or more scheduling cells.
Proposal 14: For RRC_CONNECTED mode, maximum number of LP-WUS information bits is up to 16 bits.
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