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1	Introduction
In RAN2#123, it has been agreed that:
	RAN2 assumes that the Intention with LP-WUS indication in connected is to trigger MR PDCCH monitoring. 
Option 1: to relate LP-WUS with DRX: Network can configure LP-WUS outside MR DRX active time. In that case, LP-WUS can trigger MR PDCCH monitoring to start procedures related to DRX timer(s). FFS which timer and whether/how it may co-exist with R16 DCP.
UL transmission by MR also triggers PDCCH monitoring by MR. 
Option 2: to have LP-WUS transparent to current MAC operation (might not have impact to MAC)
P1: Capture the LP-WUS using option that LP-WUS has similar functionality as Rel-16 DCP in TR. 
P2: Capture the LP-WUS using option that LP-WUS could be used at any time outside DRX active time to indicate UE to enter into active time in TR.
P3: FFS whether to capture the LP-WUS using option that LP-WUS could be used after the beginning of drx-onDurationTimer in TR. 
P4: Capture the LP-WUS using option that LP-WUS could be used when C-DRX is not configured in TR and FFS the detail. 
P8: FFS whether it is possible that LP-WUS and DCP are configured for a UE and UE use only one of them at any time e.g. depend on network configuration or link quality. 
P9: FFS whether LP-WUS could be used in conjunction with DCP. 
P12. Capture the pros/cons and RAN2 impacts for duty cycle and continuous mode for LP-WUS in TR. 
[bookmark: OLE_LINK105]For the long email discussion on the TR, can also add some limited scope for Idle mode, e.g. the general dependency LP-WUS information carrying capability -> functionality, for confirmation/agreement next meeting. 




Post email discussion in [563] discussed how to progress LP-WUS considering R16 DCP and DRX mechanisms, and the current running TR captures pros and cons of each direction/solution briefly in S7.3.2. 
In this contribution, we present our view on pros/cons for the LP-WUS mechanisms in RRC_CONNECTED state.
2	Discussion
2.1	Measurement
In general, for the RRC_CONNECTED mode LP-WUS operation, the UE measurements related to mobility, RLM or CSI have not been considered whereas offloading of serving cell IDLE/INACTIVE mode mobility measurements to LP-WUR has been discussed both in RAN1 and RAN2. Extending this approach in RRC_IDLE/INACTIVE to RRC_CONNECTED mode may not be feasible as CONNECTED mode mobility procedures are more sensitive to delay to avoid user experience degradation and impact to KPIs. Also, as the receiver performance of LP-WUR is expected to differ from that of MR, the measurements by LP-WUR are not expected to reflect well the observed radio conditions for the MR. Hence, to avoid negative system impacts it would seem safest to assume that in CONNECTED mode, mobility measurements, covering inter-cell and intra-cell beam management related and radio link monitoring, are still carried out by MR. As the LP-WUS receiver is assumed to simpler than MR (e.g. 1RX with higher NF and significantly simpler detector), it would also seem preferable to assume that the CSI measurements are carried out always by MR to limit the LP-WUR complexity and usefulness of CSI measurements. 
Proposal 1: RAN2 assumes that in RRC_CONNECTED mode, all the measurements are carried out by MR.
2.2	LP-WUS without DRX
RAN2 discussed and agreed to consider option where the LP-WUS monitoring is configured without C-DRX configuration. In context of this approach, there are various mechanisms that could be considered. Part of RAN1 discussions, the option to use LP-WUS in conjunction with PDCCH monitoring adaptation (as per Rel-17) to cancel the PDCCH skipping or trigger the SSSG switching was considered.  In addition, RAN1 considered a scheme that showed significant power saving potential, where MR PDCCH monitoring is solely triggered with LP-WUS but no C-DRX is configured. However, it is good to observe that the RAN1 evaluations for CONNECTED mode did not model the MR measurements, thus the attained gains may not be realizable in practise.
Observation 1: RAN1 evaluations for RRC_CONNECTED did not explicitly model RRM measurements.
In order to realize the power saving potential, the MR based measurements would need to be relaxed. As noted earlier, it does not seem feasible to assume that LP-WUR based measurements would be usable in RRC_CONNECTED. Hence to relax the MR measurements in a controlled manner, some additional configuration and behaviour would be needed. Considering such scheme, it comes quite soon evident that such scheme would resemble the existing C-DRX based operation in respective of measurements. For the legacy C-DRX, the UE measurements are relaxed based on the applied DRX periodicity, i.e., if UE is applying long DRX of 320ms, the measurements are relaxed by a certain factor. 
Observation 2: Power saving benefit of LP-WUS in RRC_CONNECTED without C-DRX can be limited if no additional mechanism is introduced to relax the MR based measurements. This mechanism would need to resemble the C-DRX from measurement perspective to ensure mobility performance.
Proposal 2: Capture in the TR the observations and deprioritize LP-WUS enhancement with no DRX in RRC_CONNECTED in RAN2.
Proposal 3: RAN2 discuss measurement relaxation for LP-WUS with DRX for RRC_CONNECTED in WI phase.
2.3	Clarification of options
In the current running TR, the LP-WUS operation methods are captured for RRC_CONNECTED mode, which are shown in the table below.
Table X: LP-WUS operation methods in RRC_CONNECTED
	LP-WUS application
	Details
	Start PDCCH monitoring condition
	Stop PDCCH monitoring condition

	Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX
	Option 1: similar to Rel-16 DCP, i.e. the LP-WUS monitoring occasion is located before drx-onDurationTimer.
	If LP-WUS with indication to start the drx-onDurationTimer is detected and drx-onDurationTimer is started. The start of drx-onDurationTimer is not limited to the fiexd occasion before the on duration according to C-DRX. 
	

It could follow legacy, e.g. when corresponding C-DRX timer expires or receives Rel-17 PDCCH skipping indication (if supported and configured).


	
	Option 2: the LP-WUS monitoring occasion is located at any time outside DRX active time to indicate UE to enter into active time
	

If LP-WUS with an indication to activate/resume PDCCH monitoring is detected


	

	
	[Option 3: the LP-WUS monitoring occasion is located after drx-onDurationTimer is started, e.g. XR use case]
	
	

	Direction 2: LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX
	Option 4: the LP-WUS monitoring occasion is located at any time regardless of whether DRX is configured or not.
	
	

	Direction 3: LP-WUS is transparent to current MAC operation
	The LP-WUS monitoring occasion should be determined based on physical layer design/restriction.
This direction may not have any impact on MAC.
	N/A
	N/A



[Direction 1] Option 1/2
This option is basically to replace DCP by LP-WUS. In Rel-16, DCP has been introduced to allow more power saving by monitoring PDCCH on OnDuration only when indicated to do so. DCP and LP-WUS may be similar in terms of controlling the active time, e.g., OnDuration, but it wouldn’t be useful just to copy and paste the DCP functions to LP-WUS and we think LP-WUS has the potential to be more dynamic power saving mechanism by taking advanced use cases into account, e.g., irregular but latency sensitive traffic such as XR. DCP is subject to constraints that starts the OnDuration at a specified time without any flexibility which is in conjunction with DCP monitoring duration. On the other hand, LP-WUS can be designed to control the OnDuration in a more dynamic manner, e.g., by starting drx-onDurationTimer immediately regardless of at which point in time LP-WUS is received, which allows urgent scheduling for latency sensitive data. Starting OnDuration only aligned with Short/Long DRX cycle may not be sufficient in Rel-18 and beyond, and enabling PDCCH monitoring shortly on dynamic OnDuration would be more attractive. 
Proposal 4. For option 1 of Direction 1, start of the drx-onDurationTimer is not restricted to the fixed on duration according to C-DRX configuration, which can be explained in the Table X as highlighted yellow.
[Direction 1] Option 3
It is FFS whether option 3 is captured or not in the TR. In our understanding, the option 3 is to indicate start of PDCCH monitoring during drx-onDurationTimer in order to be adjusted to the traffic jitter, which is considered as beneficial according to RAN1 analysis. However, unclear part here is the assumption on MR’s power state. 
The LP-WUS is basically to wake up the main receiver (MR) to enable PDCCH monitoring. According to RAN1 analysis, ramp-up time can vary depending on power state. For instance, it can be 400ms for duty-cycled monitoring if MR is in ultra-deep sleep state. Although RAN1 assumption is that ultra-deep sleep state is not used in RRC_CONNECTED due to long ramp-up time, it still takes some time to ramp-up from light and deep sleep, e.g., 20ms for deep sleep and 6ms for light sleep. 
If the intention of option 3 is immediately starting PDCCH monitoring within drx-onDurationTimer, it may need to be assumed that only micro sleep mode should be used. Alternatively, the assumption may be that the MR is already woke up but the LP-WUS simply controls detailed PDCCH monitoring on top of DRX. It may be good to understand the assumption of option 3 first.
Proposal 5. For option 3, RAN2 discuss whether to capture it or not by understanding the baseline assumption of power state for MR.
2.4	Pros and Cos of each option
In the current running TR, pros and cons of each option are captured as below.
	LP-WUS options
	Pros
	Cons

	Option 1: LP-WUS is used similar as Rel-16 DCP
	More Power Saving gain compared to legacy DCP;
Less  specification  impact and complexity from reuse of DCP functionality compared to other solutions, e.g. option 2 option 3.
	Less power saving gain compared to other solutions, e.g. option 2 or option 3.

	Option 2: LP-WUS could be used at any time outside C-DRX active time to indicate UE to enter into active time
	LP-WUS configuration is more flexible than option 1 and option 3;
DL data transmission latency could be reduced compared to C-DRX mechanism since the DL data transmission doesn’t need to wait for next C-DRX onDuration
	More complexity: how to coexist with current C-DRX mechanism, LP-WUS configuration need to be considered;
More specification impacts: new PDCCH monitoring mechanism needs to be captured

	[Option 3: LP-WUS could be used after the beginning of drx-onDurationTimer]
	There is some Power Saving gain by reducing unnecessary PDCCH monitoring for XR traffic than legacy C-DRX.
	More specification impacts considering it may change the current PDCCH monitoring behaviour

	Option 4: LP-WUS could be used at any time regardless of whether C-DRX is configured or not
	There is some Power Saving gain compared to legacy C-DRX and option 1 since LP-WUS monitoring consumes less power than PDCCH monitoring; 
LP-WUS configuration is more flexible than other options above;
DL data transmission latency could be reduced compared to current C-DRX mechanism.
	More complexity: we need to discuss how to stop the PDCCH monitoring and how to configure the LP-WUS;
More specification impacts: new PDCCH monitoring mechanism needs to be captured.



Option 1. LP-WUS is used similar as Rel-16 DCP
In our view, the gain depends on actual function of LP-WUS. Although it is understood that DCP operation can be reused as it is with the only difference in PHY design, we think there are some other options as mentioned above, i.e., LP-WUS can start on duration anytime, or LP-WUS can be received anytime before on duration.
· Pros: 
· In case DCP operation is reused, more power saving gain is expected compared to DCP operation due to difference in power consumption between LP-WUS and PDCCH.
· LP-WUS operation can be an improved based on the existing DCP operation with less significant standardization effort. 
· DL latency can be reduced compared to the legacy power saving mechanisms, e.g., DRX by not limiting the LP-WUS reception to a certain time before the on duration, or by allowing start of on duration not aligned with the DRX cycle.
· Cons: 
· In case DCP operation is reused, it would result in having redundant mechanism for the same purpose.
· Standardization effort to define interaction with C-DRX, which may be limited to drx-onDurationTimer.

Option 2.  LP-WUS could be used at any time outside C-DRX active time to indicate UE to enter into active time
· Pros:
· Power saving gain is expected compared to C-DRX operation as Active Time is more dynamically controlled.
· DL latency can be reduced compared to the legacy power saving mechanisms, e.g., DRX by not limiting the LP-WUS reception to a certain time before the on duration, or by allowing start of on duration not aligned with the DRX cycle.
· Cons:
· Standardization effort to define interaction with C-DRX, which may include drx-onDurationTimer, drx-InactivityTimer.
Option 3. LP-WUS could be used after the beginning of drx-onDurationTimer.
· Pros:
· Power saving gain is expected compared to C-DRX operation as On Duration is more dynamically controlled, which may be beneficial for the traffic with jitter, e.g., XR.
· Cons:
· Standardization effort to define interaction with C-DRX, which may be limited to drx-onDurationTimer.
· Given the ramp-up time from micro/deep sleep, it may be useable in the limited cases, e.g., long drx-onDurationTimer.
Option 4. LP-WUS could be used at any time regardless of whether C-DRX is configured or not.
· Pros:
· Power saving gain is expected compared to the case where C-DRX is not used as the UE can be in the sleep mode.
· It can be a light mechanism for power saving if it simply has On and Off time with small number of timers.
· Cons:
· Standardization effort may be significant as a new timer operation (stop/start/expiry) needs to be defined.
· DL latency may be increased compared to the case where C-DRX is not used as it requires ramp-up time to start PDCCH monitoring. 
Although some pros and cons are already captured, it may be helpful to try to make the comparison more consistent and aligned. Therefore, we suggest to update the pros and cons based on the above findings.
Proposal 6. Update the pros and cons of each option by considering above pros and cons.
2.5	Start/Stop of LP-WUS monitoring
In RAN2#123bis, it was agreed that UL transmission by MR also triggers PDCCH monitoring by MR, which is captured in S7.3.2.1 of running TR 38.869. 
For UL transmission, it may be possible to use BSR/SR as one condition to stop LP-WUS monitoring because BSR/SR is triggered when UL traffic arrives. The question is how the UE goes back to LP-WUS monitoring by considering the traffic continuity.
In DRX, data inactivity can be inferred by drx-InactivityTimer, hence one possible option would be that the UE switches back to LP-WUS monitoring if drx-InactivityTimer expires. Alternatively, we can rely on DRX cycles to deduce very low traffic activity. For instance, the UE may transit to LP-WUS monitoring when the UE starts to use the Long DRX cycle, i.e., when drx-ShortCycleTimer expires or DRX command MAC CE for long DRX cycle is received. 
In our view, both options have its own plus and minus, e.g., switching back to LP-WUS monitoring upon expiry of drx-InactivityTimer brings more power saving gain but it would be safer to transit back to LP-WUS monitoring only when very low traffic activity is expected, i.e., when Long DRX cycle starts. 
Proposal 7: RAN2 discuss how to start and stop the LP-WUS monitoring by considering the UL transmission.
· Stop LP-WUS monitoring if SR/BSR is triggered. 
· Start LP-WUS monitoring if data inactivity is detected based on e.g., DRX timer or cycle.
2.6	Impact to SPS/CG
For RRC_CONNECTED, RAN1 agreed that LP-WUS indicates to wake-up PDCCH monitoring. It was further agreed that RLM/BFD/CSI as well as RRM measurements are performed by the main radio. However, it is unclear whether the main radio keeps the SPS and CG resources activated while monitoring the LP-WUS. If SPS and CG are assumed deactivated while monitoring LP-WUS, the gNB needs to send the LP-WUS to wake up the main radio and then activates the SPS/CG via DCI, i.e., the activation command. This would introduce latency and power consumption because the UE waits for receiving the activation command after starting the PDCCH monitoring. Moreover, the gNB may intend to rely on SPS/CG scheduling instead of dynamic scheduling in main radio, in which cases further PDCCH monitoring after SPS/CG activation would be needlessly consuming power. Thus, RAN2 needs to study how to reduce unnecessary PDCCH monitoring when using SPS/CG. For instance, we can consider that the LP-WUS indicates SPS/CG activation.
Proposal 8: Capture in the TR that SPS/CG may be impacted by LP-WUS operation, and further in WI phase.

3	Conclusion
Proposal 1: RAN2 assumes that in RRC_CONNECTED mode, all the measurements are carried out by MR.
Observation 1: RAN1 evaluations for RRC_CONNECTED did not explicitly model RRM measurements.
Observation 2: Power saving benefit of LP-WUS in RRC_CONNECTED without C-DRX can be limited if no additional mechanism is introduced to relax the MR based measurements. This mechanism would need to resemble the C-DRX from measurement perspective to ensure mobility performance.
Proposal 2: Capture in the TR the observations and deprioritize LP-WUS enhancement with no DRX in RRC_CONNECTED in RAN2.
Proposal 3: RAN2 discuss measurement relaxation for LP-WUS with DRX for RRC_CONNECTED in WI phase.
Proposal 4. For option 1 of Direction 1, start of the drx-onDurationTimer is not restricted to the fixed on duration according to C-DRX configuration, which can be explained in the Table X as highlighted yellow.
Proposal 5. For option 3, RAN2 discuss whether to capture it or not by understanding the baseline assumption of power state for MR.
Proposal 6. Update the pros and cons of each option by considering above pros and cons.
Proposal 7: RAN2 discuss how to start and stop the LP-WUS monitoring by considering the UL transmission.
· Stop LP-WUS monitoring if SR/BSR is triggered. 
· Start LP-WUS monitoring if data inactivity is detected based on e.g., DRX timer or cycle.
Proposal 8: Capture in the TR that SPS/CG may be impacted by LP-WUS operation, and further in WI phase.




