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1	Introduction
In this contribution the RRC Connected aspects of WUR SI [1] are discussed and an update to the rapporteur’s text proposal for RAN2’s input to the SI TR [2] is provided. 
2	Input to Technical Report 
Including all solution options proposed by companies for WUR in Connected has led to a scattered discussion in RAN2 and this contribution aims to show that the different solutions can be reduced to different special cases of the main solutions discussed by RAN1 [3], i.e., ‘continuous WUR’ and ‘duty-cycled WUR’. This will improve progress and make the RAN2 input to the SI TR understandable.
2.1	Duty-cycled WUR
Duty-cycled LP-WUS monitoring is illustrated in Figure 1. Upon RRC connection setup the UE may be configured with LP-WUS in Connected by gNB. If configured, the UE would at the expiration of a ‘WUR inactivity timer’ stop monitoring PDCCH using the main receiver (MR) and instead start monitoring the downlink using the WUR according to the configured ‘WUR duty-cycle’. If LP-WUS is detected, and addressing the UE or the UE’s WUS subgroup, the UE would start the MR for monitoring PDCCH during a configured ‘WUR PDCCH monitoring window’, which starts a ‘WUR time offset’ after the LP-WUS was detected (covering the MR transition time from the sleep state).  
[image: ]
[bookmark: _Ref149775077]Figure 1: 'Duty-cycled WUR' operation.

2.2	Continuous WUR
Continuous LP-WUS monitoring is illustrated in Figure 2. The only difference to ‘duty-cycled WUR’ operation above is that the UE monitors for LP-WUS continuously in time using WUR.
[image: ]
[bookmark: _Ref149777125]Figure 2: 'Continuous WUR' operation.

2.3	LP-WUS options in TR
The solution options in the RAN2 input to the SI TR [2] are special cases of the general cases above (i.e., the solution optione in the TR, see Section 4).
Direction 1 – Option 1: Similar to Rel-16 DCP, which is a special case of ‘duty-cycled WUR’ where ‘WUR PDCCH monitoring window’ overlaps with the C-DRX drx-onDurationTimer, the ‘WUR duty-cycle’ has the same length as the C-DRX cycle, and ‘WUR time offset’ puts the WUS monitoring occasion a fixed time offset before the drx-onDurationTimer. 
Direction 1 – Option 2: Special case where all WUR-specific parameters can be different from C-DRX parameters, but C-DRX must be configured for the UE (for unclear reasons since none of the C-DRX parameters are used. That C-DRX is configured seem to be the only difference to Direction 2 – Option 4). Applicable to both ‘duty-cycled WUR’ and ‘continuous WUR’.
Direction 1 – Option 3: Special case where ‘WUR PDCCH monitoring window’ is not timer based but instead matched to end at the same time as the C-DRX drx-onDurationTimer would have expired if C-DRX was in use. (Note that the description in TR “the LP-WUS monitoring occasion is located after drx-onDurationTimer is started” is not correct since if the drx-onDurationTimer has been started also the MR PDCCH monitoring should have been started). Applicable to both ‘duty-cycled WUR’ and ‘continuous WUR’.
Direction 2 – Option 4: Special case where all WUR-specific parameters can be different from C-DRX parameters, but C-DRX may not be configured for the UE (C-DRX not being configured seem to be the only difference from Direction 1 – Option 2). Applicable to both ‘duty-cycled WUR’ and ‘continuous WUR’.
[bookmark: _Toc149837208]Capture the general RAN1 options ‘duty-cycled WUR’ and ‘continuous WUR’ in TR with WUR-specific parameters, and RAN2 options as special cases of these where WUR-specific parameters are matched to legacy C-DRX parameters.

In general, it could also be beneficial that WUR parameters are configured different to C-DRX parameters. I.e., the ‘WUR duty-cycle’ could be different from the C-DRX cycle length, the ‘WUR PDCCH monitoring window’ triggered by LP-WUS could be different from the C-DRX on-duration, and the ‘WUR time offset’ between the WUS monitoring occasion and PDCCH monitoring window could be different from the DCP time offset. This is a SI and RAN2 should not exclude the possibility of separate WUR configuration for the study since there could be clear benefits from separate WUR configuration, e.g., to achieve shorter DL latency or larger UE power saving.
As one example, the purpose of the Inactivity timer in legacy operation is to reduce PDCCH monitoring and start C-DRX at first after some time of inactivity not to introduce additional DL latency from the C-DRX cycles if there should be subsequent data. Using WUR, this trade-off between UE power saving and DL latency is not the same. I.e., the UE can enter a WUR power saving mode but still have a very short DL latency (from short ‘WUR duty-cycle’, or ‘continuous WUR’ operation). Therefore, it will be beneficial to configure a separate and shorter Inactivity timer for WUR UEs.
[bookmark: _Toc149837203]Separate LP-WUS configuration parameters (from legacy C-DRX parameters) can be beneficial for DL latency and UE power saving gain.
[bookmark: _Toc149837209]WUR-configuration parameters can be configured separately (but restricted to legacy C-DRX parameter values in specific cases):
· [bookmark: _Toc149837210]‘WUR inactivity timer’
· [bookmark: _Toc149837211]‘WUR duty-cycle’
· [bookmark: _Toc149837212]‘WUR time offset’
· [bookmark: _Toc149837213]‘WUR PDCCH monitoring window’

3	Discussion 
This section contains our views on the more detailed discussions.
3.1	Tandem LP-WUS and DCP operation
The option “LP-WUS is used in conjunction with DCP, e.g., LP-WUS first wakes up MR, which then monitors DCP”, refers to a 2-step mechanism where the UE upon WUS detection using WUR in a second step monitors DCP using MR. The claimed benefit of this solution is further UE sub-grouping but it should be noted that for this further subgrouping the MR must be started for the DCP reception That is, upon false paging it can be avoided that the UE monitors the full on-duration but the transition energy for starting the MR cannot be avoided (i.e., not the same full false paging reduction that would be achieving by having the same number of UE subgroups directly in WUS). The DL latency will also become longer. The complexity and specification impact are also expected to increase substantially since the UE must support both DCP and WUR, and WUR and DCP configurations are separate but must still work together.  More importantly LP-WUS and DCP should be considered as independent features, which is a common principle in 3GPP to avoid inter-dependencies. I.e., the LP-WUS will likely not be a commercial success if DCP is a prerequisite which must have already been implemented by both UE and NW vendors.
[bookmark: _Toc149837214]LP-WUS and DCP should be considered as independent features (i.e., DCP should not be a pre-requisite for implementing LP-WUS).

3.2	Full or partial WUS coverage
The discussion of whether there is LP-WUS coverage in the full cell or only partially in the cell is largely the same as for WUR Idle/Inactive and will not be repeated here (see our contribution on Idle/Inactive WUR). But unlike in Idle/Inactive, WUR can be UE-specifically configured in Connected mode, and configuration of WUR for a UE in Connected mode can in principle be omitted if, e.g., the UE is determined to be outside WUS coverage by the gNB. However, the UE would have to be reconfigured when moving in and out of LP-WUS coverage, which is problematic. I.e., if a UE configured with WUR in Connected moves out of LP-WUS coverage there may be no time to reconfigure the UE and the UE would become unreachable in the downlink. To recover from that, some UE autonomous fallback to non-WUR mode of operation might have to be defined. Further, the UE could also, due to RSRP measurement inaccuracy, believe it is in LP-WUS coverage when it is not and hence becomes unreachable in the downlink. Overall, the complexity for a partial WUS coverage will be significantly higher that a solution with full WUS cell coverage (e.g., WUS coverage on par with PDCCH). 
[bookmark: _Toc149837204]Capture in TR that complexity and specification impact for Connected WUR solution with partial WUS coverage is significantly higher than for a solutionwith full WUS coverage.

3.3	WUR during C-DRX on-duration
This solution, which has been proposed by some companies, is mainly motivated by XR, i.e., for periodic traffic with some jitter where DL latency is still of importance for the UPT. WUR would be used during the on-duration and triggers PDCCH monitoring more adaptively as illustrated below.
[image: ]
Figure 3: WUR during C-DRX on-duration.
First it should be noticed that the way this solution is captured in the TR is not correct: “Option 3: the LP-WUS monitoring occasion is located after drx-onDurationTimer is started, e.g. XR use case”. This since after drx-onDurationTimer is started, PDCCH is monitored using MR, i.e., legacy C-DRX behaviour would have to be modified not to use the MR before LP-WUS is received in the on-duration.
Further, this solution would really be beneficial only for arranged use cases: predictive XR model with fixed periodicity, without changes in frame rate, or multiple streams or any other simultaneous traffic (e.g., audio streams). The jitter must also be large enough to risk not meeting DL latency requirements but at the same time not larger than the drx-onDurationTimer. For such an arranged use case, or a theoretical traffic model, gain could be shown, but similar gain should be possible to achieve by either generally configured ‘continuous WUR, or ‘duty-cycled WUR’. These solutions would be more generally applicable without gNB having to know the details of the UE’s traffic pattern and is not sensitive to changes in the traffic. Option 3 is instead specifically configured for a traffic pattern, and if the traffic pattern is not fully known or if it should change (e.g., frame rate adaptation) the performance could even become worse than for C-DRX baseline.
[bookmark: _Toc149837205]Over-optimized solutions, like Option 3, should be avoided since they could lead to performance degradation if traffic changes and no longer matches the very specific configuration. Generic solutions ‘continuous WUR’ or ‘duty-cycled WUR’ are better.

3.4	WUR with PDCCH-skip
There have been proposals to use WUR in combination with the PDCCH-skipping feature. In this case, PDCCH monitoring using the MR is terminated when PDCCH-skip command is received as illustrated in Figure 4.
[image: ]
[bookmark: _Ref149824817]Figure 4: LP-WUS with PDCCH skipping.

First, this is again a combination of LP-WUS with a legacy feature, in this case the PDCCH-skip feature, and LP-WUS should not have to rely on PDCCH-skip being supported both by the UE and NW since this will hinder the market success of LP-WUS. Second, the combination with PDCCH-skip is an optimization where the gain comes from reduced PDCCH monitoring using the MR, but such PDCCH reduction can more easily be achieved by simply configuring a shorter ‘WUR PDCCH monitoring window’. Doing so, MR PDCCH will always be reduced and without explicit signaling from gNB, and since LP-WUS monitoring is cheap in terms of power, a much shorter ‘WUR duty-cycle’ could then be configured. In this way both UE power saving gain, NW energy efficiency, overhead and DL latency will be improved compared to PDCCH-skip.
The combination of LP-WUS and PDCCH-skip could always later be supported as a feature combination (to discuss later in Rel-19 WI). If both UE and NW supports legacy PDCCH-skip, PDCCH-skip could be configured as an add-on on top of LP-WUS. However, note that the timer-based termination of the ‘WUR PDCCH monitoring window’ must still be supported as basic WUR functionality or else the UE will continue to monitor PDCCH indefinitely if PDCCH-skip is never received (leading to negative WUR gain).
[bookmark: _Toc149837206]The feature combination LP-WUS and PDCCH-skip is an optimization, but the more generic solution to configure a shorter ‘WUR PDCCH monitoring window’ is expected to have better performance. 
[bookmark: _Toc149837207]If PDCCH-skip is later supported as an add-on, the timer-based termination of MR PDCCH monitoring using ‘WUR PDCCH monitoring window’ must still be supported as basic functionality.

3.5	Other topics
There is no need to further complicate the RAN2 discussion with SPS, CG, if LP-WUS is transparent to MAC, etc., before there is consensus on basic LP-WUS functionality.
[bookmark: _Toc149837215]RAN2 input to TR is not further complicated by discussions on SPS, CG and if LP-WUS is transparent to MAC, etc., before there is consensus on basic LP-WUS functionality.
4	Text proposal
Based on the above discussion we propose the following changes (in red) to the RAN2 rapporteur’s text proposal as baseline for TR 38.869 [2].
[bookmark: _Toc134526525][bookmark: _Toc149837216]Consider the following updates to the RAN2 text proposal for TR 38.869.

	7.3.2 RRC_CONNECTED mode
[bookmark: OLE_LINK5]7.3.2.1	RRC_CONNECTED mode procedures 
For legacy UE in RRC_CONNECTED state, it the UE should keep MR monitoring PDCCH in C-DRX active time, if C-DRX is configured, also when there is no UE scheduleing for the UE. As a result, the power consumption caused by unnecessary PDCCH monitoring is unavoidable. The gain for legacy UE power saving features in RRC_CONNECTED, such as Short C-DRX, Long C-DRX, Rel-16 PDCCH-based WUS, or Rel-17 PDCCH monitor adaptation, comes from reducing the PDCCH monitoring time. 
Both Rel-16 DCP and Rel-17 PDCCH monitor adaptation are both PDCCH based signaling. For a UE equipped with LR, the MR can be in a sleep state while the LR remains active to monitor Low-Power Wake-Up Signal (LP-WUS), and when LP-WUS is received by LR, it will trigger the MR to wake up to monitor PDCCH. As LR would adopt a minimalistic design, the power consumption of LR is expected to be significantly lower than legacy PDCCH based signaling using the main receiver (MR) in some cases. In this way, LP-WUS in RRC_CONNECTED can potentially further reduce the UE energy consumption by being able the monitor the downlink with a LR such that the MR used for PDCCH monitoring can be kept in a sleep state. The LP-WUS/WUR solution should target power saving gain compared to the existing Rel-15/16/17 UE power saving mechanisms, e.g., according to the evaluation results above, {6%~15%} additional UE power saving gain with no capacity loss in both low load and high load cases for DL only XR traffic compared to the existing Rel-15/16/17 power saving solutions. 
Compared with UE in RRC_IDLE/INACTIVE state, UE in RRC_CONNECTED state is more sensitive to the latency. Therefore, the RAN2 study on LP-WUS procedures in RRC_ CONNECTED should target to reduce power consumption while guaranteeing the latency performance.
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. Ultra-deep sleep state is not considered for LP-WUS/WUR in RRC_CONNECTED state due to that the 400 ms transition time is too long to allow the MR to be ready for PDCCH monitoring from the sleep state considering the traffic requirements for NR. Therefore, the power saving gain for LP-WUS/WUR would be determined by the time duration in which the MR can be kept in a sleep state, and significantly lower power consumed by LP-WUS/LP-WUR compared to the PDCCH monitoring by MR. Regarding latency, the transition time for the MR to start up upon LP-WUS detection by LP-WUR willould in principle not add to the downlink latency comparing to existing power saving mechanism since using the same MR could be in micro, light, or deep sleep state as legacy, but is not allowed to be in ultra-deep sleep state when LR is monitoring LP-WUS, as described above. However, in practice using legacy power saving techniques, e.g., Rel-16 DCP, means that the start of the MR is deterministic, and the MR is started for every DRX active time. The benefit for LP-WUS compared to baseline comes from allowing the MR receiver the remain in the sleep state and MR will only be woken up if LP-WUS is detected, e.g., before the DRX active time. Therefore, additional DL latency corresponding to the MR transition time from sleep state could still occur for LP-WUR compared to baseline. For example, using legacy DCP the UE would start up the MR receiver 20ms before the DCP monitoring occasion if it resides in deep sleep state, whereas for LP-WUS/WUR solution the UE could at first start the MR upon detection of LP-WUS in the WUS monitoring occasion, potentially adding 20ms to the DL latency compared to baseline.
When using LP-WUS, other conditions could also trigger MR to wake up for PDCCH monitor, e.g. UL transmission by MR, which would be similar to using baseline solutions, e.g. C-DRX, with the same MR sleep state. 
7.3.2.2	LP-WUS monitoring 
Similar as in RRC_IDLE/INACTIVE, there are two mechanisms to monitor LP-WUS for LP-WUS in RRC_CONNECTED, i.e. ‘continuous WUR’ and ‘duty-cycled WUR’ mode.  For ‘continuous WUR’, LP-WUS is monitored continuously in time, while for ‘duty-cycled WUR’, LP-WUS is monitored based on a defined duty cycle, which is similar as DRX mechanism. ‘Continuous WUR’ could be expected to have lower latency than ‘duty-cycled WUR’, but both solutions will have the same lower latency bound from the MR transition time from sleep state as described above, and in the same way as for legacy C-DRX the duty cycle length for ‘duty-cycled WUR’ would be defined or configured based on the downlink latency requirement. Therefore, any performance comparison of these two LP-WUS monitoring mechanisms, or any down selection between them, should be considered based on the downlink latency requirement. The corresponding pros/cons for these two mechanisms are summarized in the below table. 
Table X: Pros and Cons of ‘duty-cycled WUR’ and ‘continuous WUR’ mode for LP-WUS in RRC_CONNECTED mode
	
	‘Duty-cycled’ mode for LP-WUS
	‘Continuous’ mode for LP-WUS

	Pros
	More UE power saving gain than continuous mode LP-WUS.
	SPotentially shorter DL latency.
LP-WUR does not need to keep track of slot or radio frame numbering (i.e., DRX timing).
Small specification impact and complexity.

	Cons
	LP-WUR must keep track of slot and/or radio frame numbering (i.e., DRX timing).
Potentially longer DL latency (but controllable by configuring a duty-cycle shorter  than the MR transition time).
More complexity and specification impacts: LP-WUS time configuration needs to be considered; How to coexist with C-DRX needs to be considered when LP-WUS is configured with C-DRX.
	Higher power consumption than duty-cycled LP-WUS (due to higher false alarm rate).



LP-WUS would in general be configured with the following parameters:
· WUR inactivity timer
· WUR duty-cycle (omitted for ‘continuous WUR)
· WUR time offset
· WUR PDCCH monitoring window

[image: ]
Figure X: 'Duty-cycled WUR' operation

[image: ]
Figure X: 'Continuous WUR' operation

7.3.2.3	LP-WUS use options
As described above, in order to save lower UE power energy consumption for PDCCH monitoring and guarantee the latency, the basic design is: when MR is in a sleep state, LR will remain active to monitor LP-WUS. When LP-WUS is received by LR, it will trigger the MR to wake up to monitor PDCCH. 
The use of LP-WUS in RRC_CONNECTED could be considered to replace the legacy methods, e.g. Short C-DRX, Long C-DRX, Rel-16 PDCCH-based WUS (DCP), Rel-17 PDCCH skipping, Rel-17 SSSG switching, etc. or be an enhancement thereof when configured, an example is Rel-16 PDCCH-based WUS is an enhancement on top of Long C-DRX. The detailed design for the use of LP-WUS could be in different directions as below, which is summarized in Table X. 
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 to C-DRX
	Option 1: similar to Rel-16 DCP, i.e. the LP-WUS monitoring occasion is located before drx-onDurationTimer. I.e., ‘duty-cycled WUR’ with predetermined/fixed on-Duration start.
	If LP-WUS addressed to UE or the UE’s subgroup with indication to start the drx-onDurationTimer is detected the legacy drx-onDurationTimer is started
	

It could follow legacy At the expiration of a timer, e.g. when corresponding C-DRX drx-onDurationTimer timer expires, or when UE receives Rel-17 PDCCH skipping indication (if feature combination is 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. I.e., ‘continuous WUR’ or ‘duty-cycled WUR’ with predetermined/fixed on-Duration start.
	

If LP-WUS addressed to UE or the UE’s subgroup with an indication to activate/resume PDCCH monitoring is detected


	

	
	[bookmark: _Hlk149776749][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. I.e., ‘continuous WUR’ or ‘duty-cycled WUR’ with flexible on-Duration start.
	
	

	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


Note: The above directions/solutions are NOT Mutually Exclusive absolutely, e.g. some overlap may exist between direction 3 and direction 2, or between option 2 and option 4, based on the detailed design for each direction/option. The detailed design would be further determined in WI, if included. 
Editor's Notes: FFS whether to capture option 3 in the TR.
Editor's Notes: FFS whether/how LP-WUS could be used in conjunction with Rel-16 DCP, e.g. whether it is possible that LP-WUS and DCP is configured for a UE and UE use only one of them at any time e.g. depend on network configuration or link quality.
In direction 1 above, LP-WUS is used in conjunction with C-DRX. LP-WUS could be configured outside the DRX active time with either of the following two options.
· Same function as Rel-16 DCP, LP-WUS to indicate whether to start the next drx-onDurationTimer a fixed time before the C-DRX active time (i.e. option 1 above)
· To indicate UE to enters into active time for PDCCH monitoring LP-WUS to indicate whether to start the ‘WUR PDDCH monitoring time’ at any time outside the active time (i.e. option 2 above)
LP-WUS could also be configured during the DRX active time and UE will start PDCCH monitoring when detecting the LP-WUS even the MAC entity is in DRX active time (i.e. option 3 above). It should be noted that the only difference from Direction 2 is that the LP-WUR is not monitoring outside the active time, but since both the LP-WUR active and inactive power is considerably lower than MR PDCCH the gain is not expected be large compared to Direction 2. The drawback of option 3 compared to Direction 2 is however that latency performance is dependent on the configuration and traffic model, and if the duty or DRX cycle length is not matched to the traffic periodicity the downlink latency could be considerably worse. For example, if the XR frame rate changes, the latency for Direction 2 would remain unchanged (equal to MR transition time) but for option 2 the DRX active time is no longer matching the traffic pattern and latency could be as long as the DRX cycle.
Some examples for different options in direction 1 are shown as illustrated in the below figures.
For option 1: LP-WUS is used similar as Rel-16 DCP, an example is shown as below (note that a longer time offset will likely have to be applied to cover the MR transition time compared to DCP):


Figure X: Example for option 1

For option 2: LP-WUS could be used at any time outside C-DRX active time to indicate UE to enter into active time, different examples for both ‘duty-cycled WUR’ and ‘continuous WUR’ mode are shown as below:


Figure X: Example for option 2 with ‘duty-cycled’ LP-WUS


Figure X: Example for option 2 with ‘continuous’ LP-WUS

[For option 3: LP-WUS could be used after the beginning of drx-onDurationTimer, an example is shown as below:


Figure X: Example for option 3 with ‘duty-cycled/continuous’ LP-WUS
]

In direction 2 above, LP-WUS is used in conjunction with C-DRX as the direction 1 or without C-DRX. In the latter case, the LP-WUS is used to indicate UE to activate/resume PDCCH monitoring. Some other solutions used to indicate UE to stop the PDCCH monitoring should be used in conjunction with LP-WUS, e.g. Rel-17 PDCCH monitoring adaptation or a timer. 
For option 4: LP-WUS could be used at any time regardless of whether C-DRX is configured or not, different examples for both ‘duty-cycled’ and ‘continuous’ mode are shown as below:


Figure X: Example for option 4 with ‘duty-cycled’ LP-WUS



Figure X: Example for option 4 with ‘continuous’ LP-WUS

Note that option 2 is just a special case of option 4, where LP-WUS monitoring occasions depends on the C-DRX configuration.
 In direction 3, the detailed design should be determined based on physical layer design/restriction. 

The corresponding pros/cons for the above options on LP-WUS using in RRC_CONNECTED are summarized in the below table.
Table X: Pros and Cons of LP-WUS using options in RRC_CONNECTED
	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 More power saving gain compared to other solutions, e.g. option 2 or but less than option 3 unless a shorter on-duration or PDDCH skip is applied.
Artificially limiting WUR duty-cycle to the C-DRX cycle length (can easily be avoided using separate configuration parameters).

	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 (since WUR duty-cycle is not locked to C-DRX cycle, but this could easily be changed by different configuration parameters for WUR);
If a shorter WUR duty-cycle is compared to a longer C-DRX cycle, 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 (like all other cases);
More specification impacts: new PDCCH monitoring mechanism needs to be captured, e.g. a WUR-specific on-duration timer.

	[Option 3: LP-WUS could be used after the beginning of drx-onDurationTimer]
	There is Potentially some Power Saving gain by reducing unnecessary PDCCH monitoring for XR traffic than legacy C-DRX if there is one-stream XR traffic with a non-changing fps which can be matched by the DRX cycle.
	More specification impacts considering it may change the current PDCCH monitoring behaviour
Unclear benefit to ‘Continuous WUR’ in option 4, or ‘Duty-cycled WUR’ in option 2 (especially in practice where DRX-cycle cannot be configured perfectly for the XR traffic).

	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; For ‘duty-cycled WUR’ same gain as option 1 if WUR duty-cycle is configured to the C-DRX length. Smaller gain for ‘continuous WUR’ due to false alarm rate, see RAN1 evaluations.
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; Separate WUR duty-cycle (different from C-DRX cycle), and WUR-specific on-duration timer for PDCCH monitoring must be introduced.
More specification impacts: new PDCCH monitoring mechanism needs to be captured.



7.3.2.4	Configuration
A UE is expected to be configured with Connected mode LP-WUS/WUR upon RRC connection establishment, i.e., either during RRC Connection Setup or RRC Connection Resumption. Therefore, UE specific LP-WUS/WUR configuration is feasible in RRC Connected.
The time gap between the LP-WUS monitoring occasion and the PDCCH monitoring occasion for MR must be designed or configured long enough to cover the transition time of the MR to be ready for PDCCH monitoring. Another alternative is similar to Rel-15 WUS for NB-IoT/LTE-M, different transition time gaps, if introduced, could be defined as UE capability. Then, gNB could, based on this capability, know which time gap to configure for the UE (which if, several sleep states are supported, lets the UE to determine the MR sleep state to apply). Note that unlike for Idle/Connected such dedicated RRC configuration of the UE is feasible since the UE is anyway configured at RRC Connection setup.
For partial LP-SS/LP-WUS coverage in the cell, LP-WUS hould only be configured/used for a UE within LP-SS/LP-WUS coverage (and LP-SS coverage for OOK-based WUR):
· In one solution, the coverage determination can be is similar as in RRC_IDLE/INACTIVE, which is based on the measurement of LR and/or MR, and the corresponding threshold determined/configured by network. Furthermore, when UE moves out of LP-WUS coverage, LP-WUS cannot be used at the UE, as it is unreachable by the gNB for LP-WUS. It should be either released or de-activated by the network, which is not possible since the UE is outside LP-WUS coverage and hence unreachable. Otherwise, some conditions would have to be introduced to ensure the UE could autonomously fall back to legacy operation without LP-WUS. 
· In another solution, monitoring LP-WUS can be explicitly activated and de-activated by the network, e.g., entry/exit condition(s) of using LP-WUS may not be needed. Note that explicit de-activation of LP-WUS monitoring is not possible if the UE is outside LP-WUS coverage (e.g., due to UE mobility or due to UE RSRP measurement inaccuracy).
Meanwhile, for full LP-SS/LP-WUS coverage in the cell, no special configuration would be required. That is, LP-WUS could be configured/activated for a UE in the cell, and not used when it the WUR configuration is released/de-activated in the cell. 
According to above analysis, LP-WUS in RRC_CONNECTED with partial LP-WUS coverage is expected to have more standardization impacts than the scenario with full LP-WUS coverage. 
For ‘continuous WUR’ the general configuration parameters are WUR inactivity timer, WUR PDCCH monitoring window (i.e., WUR on-duration), and WUR time offset between LP-WUS monitoring occasion and PDCCH monitoring window start (covering the MR transition time). 
For ‘duty-cycled WUR’ the general configuration parameters are WUR inactivity timer, WUR duty-cycle length, WUR PDCCH monitoring window (i.e., WUR on-duration), and WUR time offset between LP-WUS monitoring occasion and PDCCH monitoring window start (covering the MR transition time).
Note that in specific cases, the WUR specific parameters could be configured to the same values as for C-DRX. For example, the WUR duty-cycle being the same length as the C-DRX cycle, or the WUR PDCCH monitoring window being of the same length as the legacy C-DRX drx-onDurationTimer,





5	Conclusion
In the previous sections we made the following observations: 
Observation 1	Separate LP-WUS configuration parameters (from legacy C-DRX parameters) can be beneficial for DL latency and UE power saving gain.
Observation 2	Capture in TR that complexity and specification impact for Connected WUR solution with partial WUS coverage is significantly higher than for a solutionwith full WUS coverage.
Observation 3	Over-optimized solutions, like Option 3, should be avoided since they could lead to performance degradation if traffic changes and no longer matches the very specific configuration. Generic solutions ‘continuous WUR’ or ‘duty-cycled WUR’ are better.
Observation 4	The feature combination LP-WUS and PDCCH-skip is an optimization, but the more generic solution to configure a shorter ‘WUR PDCCH monitoring window’ is expected to have better performance.
Observation 5	If PDCCH-skip is later supported as an add-on, the timer-based termination of MR PDCCH monitoring using ‘WUR PDCCH monitoring window’ must still be supported as basic functionality.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Capture the general RAN1 options ‘duty-cycled WUR’ and ‘continuous WUR’ in TR with WUR-specific parameters, and RAN2 options as special cases of these where WUR-specific parameters are matched to legacy C-DRX parameters.
Proposal 2	WUR-configuration parameters can be configured separately (but restricted to legacy C-DRX parameter values in specific cases):
	‘WUR inactivity timer’
	‘WUR duty-cycle’
	‘WUR time offset’
	‘WUR PDCCH monitoring window’
Proposal 3	LP-WUS and DCP should be considered as independent features (i.e., DCP should not be a pre-requisite for implementing LP-WUS).
Proposal 4	RAN2 input to TR is not further complicated by discussions on SPS, CG and if LP-WUS is transparent to MAC, etc., before there is consensus on basic LP-WUS functionality.
Proposal 5	Consider the following updates to the RAN2 text proposal for TR 38.869.
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RP-231814, “TR 38.869 v1.0.0, Study on low-power wake up signal and receiver for NR”, Rapporteur(vivo), CMCC, Sept 2023.
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