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1	Introduction
In this contribution the RRC Connected aspects of WUR will be discussed and a text proposal for the TR is provided. 
2	Discussion 
2.1	WUR RAN2 Study
There has been discussions and proposals on how WUR should interact with legacy UE power saving mechanisms such as C-DRX. UE power saving in Connected is inherently connected to PDCCH monitoring reduction and it must first be made clear when such power saving mechanisms can be applied.
[image: ] 
[bookmark: _Ref146536596]Figure 1: Illustration of PDCCH monitoring and active time in Connected.
As seen in Figure 1, UE power saving is only possible when the UE is not required to monitor PDCCH, which is after the expiration of the Inactivity timer in legacy operation (at which point C-DRX starts). In the email discussion, solution options on whether WUR should replace C-DRX, or work simultaneously with C-DRX, etc. are being discussed. Since this is a SI, RAN2 should identify, analyse, and compare the different possible solutions in the input to the TR (not make down-selection based on company opinions).
[bookmark: _Toc146814297]SI TR should capture the possible options for WUR operation in Connected, without down-selection, with a clear analysis of the Pros & Cons and RAN2 impact.

2.2	WUR Options in Connected
In the RAN1 input to SI TR, two options are included for WUR operation in Connected:
	[bookmark: _Toc144508339]7.2.2.3	LP-WUS monitoring
Study further pros and cons of the following monitoring behaviours of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 


The RAN2 email discussion, however, includes many more rather complex and sometimes unclear options and it must be sorted out what should be included in the RAN2 input to the SI TR. 
	Q1. Which one of the following options do you support on the use of LP-WUS outside DRX active time, in which case LP-WUS wakes up MR to start procedures related to DRX timer(s)?
Option 1.   There is no need to study the use of LP-WUS for waking up MR to start procedures related to DRX timer(s);
Option 2.   LP-WUS replaces DCP and these two types of wakeup signals are not configured/used simultaneously;
Option 3.   Both LP-WUS and DCP can be configured for a UE. However, UE may use only one of them at any time, e.g. depend on network configuration or link quality, etc.
Option 4.   LP-WUS is used in conjunction with DCP, e.g. LP-WUS first wakes up MR, which then monitors DCP.
Option 5.   LP-WUS is an independent feature from DCP and DRX, i.e., upon receiving the indication for MR ON, the UE follows the legacy procedure, e.g., DRX and DCP.



Option 1 “There is no need to study the use of LP-WUS for waking up MR to start procedures related to DRX timer(s)”, in our understanding means WUR would not be used in Connected, which is more a RAN plenary decision on the Rel-19 WI scope and would not have to be included in the list of possible solutions in TR.
In Option 2 “LP-WUS replaces DCP and these two types of wakeup signals are not configured/used simultaneously”, WUR is used as an enhanced version of Rel-16 DCP (using WUS instead of DCI). The benefit of this solution is that the UE can check if something will be transmitted in the DRX on-duration without having to start to MR, which leads to UE power saving compared to baseline if there is no data for the UE in some on-durations (the larger the number of “empty” on-duration, the bigger the gain). The specification impact for this solution is small and straight forward since from RAN2 p.o.v. the UE would just monitor LP-WUS using WUR in the same way as DCP is monitored using MR.
Option 3 “Both LP-WUS and DCP can be configured for a UE. However, UE may use only one of them at any time, e.g. depend on network configuration or link quality, etc.” is in our understanding the same as Option 2 but with difference that both DCP and LP-WUS can be configured for a UE at the same time, but that only one of them is applied at a given time (assumably controlled by dynamic indication or timers, or to use DCP as fallback when the UE is out of WUS coverage). This solution would therefore have the same gain as Option 2 but with additional specification impact and complexity from the control of the two power saving mechanisms running in parallel, e.g., to configure the fallback and how gNB should know whether it should transmit WUS or DCP to reach the UE. 
Option 4 “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 benefit of this solution is further UE sub-grouping but it should be noted that for this further subgrouping the MR has to 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 complexity and specification impact are also expected to be higher than for Option 2, since the UE must support both DCP and WUR, and WUR and DCP configurations are separate but must still work together. A further drawback is that the latency is longer compared to Option 2 and Option 3.
Option 5 “LP-WUS is an independent feature from DCP and DRX, i.e., upon receiving the indication for MR ON, the UE follows the legacy procedure, e.g., DRX and DCP”, is in our understanding either the same as Option 2 & 3 (WUS replacing DCP, i.e., triggering DRX on-duration) or Option 4 (2-step procedure of WUS triggering DCP monitoring). Therefore, Option 5 need not be listed separately.
All the above options refer to duty-cycled WUR operation, but the “Continuous monitoring” option in RAN1 input to SI TR must also be included, here referred to as ‘continuous WUR operation’ or “Option 6”. That is, instead of triggering C-DRX at the expiration of the inactivity timer the UE shuts down the MR and initiates continuous monitoring for WUS using the WUR. In this way continuous WUR operation would replace C-DRX operation, i.e., there is no point or benefit in waking up the MR periodically for DRX if WUR is monitoring DL continuously. Spec impact and complexity should be small since instead of starting C-DRX upon inactivity timer expiration the UE triggers continuous WUR monitoring, which continuous until either subsequent data activity or RRC release.
[bookmark: _Toc146814298]The following options are captured in SI TR [further options and Pros and Cons are FFS]:
· [bookmark: _Toc146814299][Option 2] LP-WUS as DCP enhancement (WUS triggers MR monitoring of PDCCH during DRX on-duration)
· [bookmark: _Toc146814300]Pros: WUR gain compared to baseline if no data for the UE in on-duration. Minimal spec impact and complexity from reuse of DCP functionality.
· [bookmark: _Toc146814301]Cons: Adaptation required if LP-WUS does not have full coverage in cell.
· [bookmark: _Toc146814302][Option 3] Simultaneous LP-WUS as DCP enhancement and DCP (e.g., DCP for fall-back when out of WUS coverage)
· [bookmark: _Toc146814303]Pros: WUR gain compared to baseline if no data for the UE in on-duration, when UE is within WUS coverage. Works with partial WUS coverage.
· [bookmark: _Toc146814304]Cons: Relatively larger spec impact and complexity due to UE moving in and out of WUS coverage in the cell, potential UE and gNB mismatch, and fallback procedure definition.
· [bookmark: _Toc146814305][Option 4] Sequential use of LP-WUS and DCP (WUS triggers MR monitoring of legacy DCP)
· [bookmark: _Toc146814306]Pros: Further “partial” sub-grouping (monitoring of full on-duration can be avoided but not start of MR).
· [bookmark: _Toc146814307]Cons: Relatively longer latency from sequential reception. Relatively larger spec impact due to dual operation and interaction for WUR and DCP.
· [bookmark: _Toc146814308][Option 6] Continuous WUR (Inactive timer expiration triggers continuous WUR monitoring instead of C-DRX).
· [bookmark: _Toc146814309]Pros: Short DL latency. Small spec impact and complexity.
· [bookmark: _Toc146814310]Cons: Higher UE energy consumption than duty-cycled WUR.

2.3	Configuration Aspects
Note that RAN1 has evaluated a general LP-WUS procedure for Connected [2]:


	· LP-WUS
· LP-WUS triggers the resumption of MR PDCCH monitoring from micro/light sleep e.g., via starting a PDCCH monitoring timer.



This is in principle the same as the ‘LP-WUS as DCP enhancement’ [Option 2] above and highlights that WUR configuration parameters can be different than those used for C-DRX. I.e., the WUR duty-cycle could be different from the C-DRX cycle length, the PDCCH monitoring time triggered by LP-WUS could be different from the C-DRX on-duration, and the time gap between the WUS monitoring occasion and PDCCH monitoring window could be different from the DCP time gap.
[bookmark: _Toc146872731]LP-WUS configuration parameters can be different from legacy parameters, i.e., WUR duty-cycle, PDCCH monitoring window, and WUS time gap can be different from DRX cycle, on-duration and DCP time gap.
The purpose of the Inactivity timer in legacy operation is to relax PDCCH monitoring (start C-DRX) at first after some time of inactivity not to introduce too much DL latency. Using WUR, this trade-off between UE power saving and DL latency is not the same. I.e., the UE can go in to a WUR power saving mode but still have a very short DL latency (from short WUR duty-cycle, or continuous WUR operation). Therefore, it can be motivated to apply a separate and shorter Inactivity timer for UEs configured with WUR.
[bookmark: _Toc146872732]A separate and shorter Inactivity timer is beneficial for UEs configured with WUR since moving the UE to a power saving state has less penalty on DL latency.
[bookmark: _Toc146814311][bookmark: _Hlk146812259]Capture in TR that separate configuration parameters for LP-WUS can be beneficial: WUR duty-cycle, PDCCH monitoring window, WUS time gap, Inactivity timer, etc.
Further, unlike in Idle/Inactive, there is no drawback to provide a UE-specific configuration for Connected WUR.
[bookmark: _Toc146814312]Capture in TR that, unlike in RRC Idle/Inactive, UE-specific configuration may be provided for Connected WUR in RRC Connected.
2.4	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-specific in Connected mode, and the Configuration of WUR for a UE in Connected mode can 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, and 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: _Toc146872733]Capture in TR that complexity and specification impact from Connected WUR solution with partial WUS coverage is considerably higher than with full WUS cell coverage.

2.5	RRM
Regarding RRM measurements in Connected the following has been covered in the RAN2 email discussion:
	Q3.  Which of the following three views would you support?
Option 1.   In RRC Connected, LP-WUR can be used for serving cell measurements and/or neighbor cell measurements (additional options in Q5);
Option 2.   Use of LP-WUR for RRM measurements in RRC connected is not studied.
Option 3.   The study for use of LP-WUR for RRM measurements in RRC Connected can be postponed until its feasibility is confirmed by RAN1 and RAN4.
Option 4.   MR is used for RRM measurements in Connected, i.e., in the same way as for C-DRX.
Q4. If you selected Option 1 in Q4, please indicate which one of the following options you support: 
Option 1.   LP-WUR is used only for serving cell RRM measurements;
Option 2.   LP-WUR is used only for neighbor cell RRM measurements;
Option 3.   LP-WUR can be used for any type of RRM measurements.




For the RAN2 input to SI TR, we propose that all the valid options are listed, with a potential analysis of the impact and consequences.
[bookmark: _Toc146814313]Capture the options for RRM measurements in RRC Connected in SI TR:
· [bookmark: _Toc146814314]LP-WUR is used for RRM
· [bookmark: _Toc146814315]LP-WUR is used only for serving cell RRM measurements;
· [bookmark: _Toc146814316]LP-WUR is used only for neighbor cell RRM measurements;
· [bookmark: _Toc146814317]LP-WUR can be used for any type of RRM measurements.
· [bookmark: _Toc146814318]MR is used for RRM measurements in Connected, i.e., in the same way as for C-DRX
· [bookmark: _Toc146814319][Further solutions and analysis are FFS]

2.6	Other Solutions
There have been other solutions suggested in addition to those listed in Section 2.2, different variants of using C-DRX at the same time or interchangeably with WUR (i.e., “hybrid” solutions). We don’t think these solutions have any benefit over the solutions already presented in Section 2.2.
UE power saving gain in Connected is achieved by PDCCH monitoring reduction, i.e., that the UE is in a power saving state equals that the UE is not monitoring PDCCH. This is common for all solutions, and what differentiates solutions is how to trigger wake up of MR and the monitoring of PDCCH. This triggering can either be timer based (equal to C-DRX) or it can be triggered by WUS detection (either duty-cycled WUR or continuous WUR operation). The only remaining issue is how long the UE should monitor PDCCH, one slot (equals DCP) or during a timer window (the C-DRX on-duration). Therefore C-DRX, DCP, duty-cycled WUR and continuous WUR cover the full solutions space (with the possibility of separate configuration of duty-cycle length and “on-duration” for WUR), any other solutions must be motivated to be included in the TR. ‘[Option 3] Simultaneous LP-WUS as DCP enhancement and DCP’ in Section 2.2 could be motivated by partial WUS coverage. ‘[Option 4] Sequential use of LP-WUS and DCP’ could be motivated by further UE subgrouping.
[bookmark: _Toc146814320]UE power saving in Connected is due to omitting PDCCH monitoring, and solutions are only differentiated based on how PDCCH monitoring is later triggered: timer-based (=C-DRX) or triggered by LP-WUS reception (=duty-cycled WUR or continuous WUR). Other solutions should be clearly motivated by proven gains for relevant use cases to be included in the TR.

2.6.1	"WUR as back-up to C-DRX”
Some companies mention potential benefit of using WUR during DRX periods, as depicted below.

[image: ]
Figure 2: WUR during DRX periods.

This solution only has disadvantages in terms of complexity compared to either just using C-DRX or continuous WUR.
· C-DRX period is configured with a max acceptable DL latency in mind, so there should be no need to wake up the device in between DRX on-durations.
· If minimal DL latency is desired, just use either 1) Continuous WUR, 2) WUR with short duty-cycle, or 3) C-DRX with short cycle. (Having the WUR active all the time should still give lower power consumption than starting the MR with C-DRX periodicity).
2.6.2	"WUR during C-DRX on-duration”
This solution can perhaps mainly be 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.

This solution would really be beneficial only for arranged use cases: predictive XR model with fixed periodicity, without frame rate changes, or multiple streams or other traffic (e.g., audio streams). 
For an arranged use case, or a theoretical traffic model, PDCCH monitoring could be reduced somewhat, at the cost of worse DL latency, but similar gain should be possible to achieve by either 1) C-DRX with shorter on-duration, 2) continuous WUR, or 3) WUR with very short duty-cycle. These solutions would also be more generic and generally applicable to any traffic.
2.6.3	"C-DRX with continuous WUR after PDCCH-skip”
There have been proposals to use WUR with PDCCH-skipping, in which case continuous WUR monitoring would be applied for the remainder of the on-duration after PDCCH-skip is received from gNB.

[image: ]

In this case there would be no UE power saving benefit, rather an increase in UE energy consumption from having to run the WUR compared to pure C-DRX operation. The benefit should be DL latency reduction, but only in case there is subsequent data during the reminder of the on-duration. However, only a bad NW implementation would send PDCCH-skip if there is a chance of more data to the UE during the on-duration. 
3	Text proposal
Based on the above discussion we propose the following text proposal as baseline for inclusion in the RAN2 input to TR 38.869 (this Section is a resubmission from the August meeting).
[bookmark: _Toc134526525][bookmark: _Toc146814321]Use the following text proposal as baseline for LP-WUS/WUR operation in Connected for the RAN2 input to TR 38.869.

	7.3.2 RRC_CONNECTED mode
7.3.2.1 Procedure
The gain for legacy UE power saving features in RRC_CONNECTED, such as Short C-DRX, Long C-DRX, and Rel-16 PDCCH-based WUS, comes from reducing the PDCCH monitoring time. WUR RRC_CONNECTED can potentially further reduce the UE energy consumption by being able the monitor the downlink with a low-power wake-up receiver (WUR) such that the main receiver (MR) used for PDCCH can be kept in a sleep state. The LP-WUS/WUR solution should target substantial gains compared to the existing Rel-15/16/17 UE power saving mechanisms, and for RRC_CONNECTED Rel-16 PDCCH-based WUS (DCI format 2_6 or DCP) should be the baseline for WUR evaluation. The MR sleep states considered for 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 [TR 38.840]. (Ultra-deep sleep state is not considered due to that the 400 ms transition time is too long to allow the MR to be in the sleep state with the considered traffic models for evaluation.)  Therefore, the WUR UE energy consumption reduction gains would be determined by the additional time the MR can be kept in a sleep state compared to baseline. Regarding downlink latency, the transition time for the MR to start up upon WUS detection by WUR will add to the downlink latency and add a lower bound for the achievable latency depending on the sleep state considered (see above).
There are two WUR solutions to be considered in RRC_CONNECTED, ‘continuous WUR’ where the WUR is receiving the downlink continuously in time, and ‘duty-cycled WUR’ in which case a LP-WUS precedes the on-duration (as an improvement to Rel-16 PDCCH-based WUS). ‘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 as described above, and in the same way as for legacy C-DRX the duty cycle length for ‘duty-cycled WUR’ would be configured based on the downlink latency requirement. Therefore, any performance comparison of the two Connected WUR solutions, and any down-selection, should be considered at a fixed downlink latency requirement. 
Both link-level false alarm (FAR of 0.1% and 1% considered for evaluations), and false paging (paging for another UE sharing the LP-WUS monitoring occasion) would cause the MR to be started unnecessarily which has a negative impact on the WUR UE energy consumption reduction gain. Both effects are expected to be more severe for the ‘continuous WUR’ solution, the former because the UE is monitoring constantly increasing the probability for a false alarm per time unit, and the second since there is no prior distribution of UEs in time (e.g. over on-durations or POs) and a single WUS could wake-up all UEs in the cell. The WUS could, implicitly or explicitly, include UE addressing or UE subgrouping indication to reduce the second effect of false paging.
7.3.2.1 Configuration
For configuration, UE-specific configuration is feasible in RRC_CONNECTED and allows for the WUR configuration to be adapted to UE needs. Consequently, WUR would only be configured for a UE if it can provide a larger UE power saving gain that a legacy method, and therefore WUR operation should be considered to replace a legacy method, e.g., Short C-DRX, Long C-DRX, Rel-16 WUS, or be an enhancement thereof when configured (for example in the same way as Rel-16 WUS is an enhancement of Long C-DRX). From this the conditions for activation and deactivation of WUR would be clear.
For ‘duty-cycled WUR’, the time gap between the LP-WUS monitoring occasion and the start of the on-duration must further be configured long enough to cover the transition time of the MR. Similar to Rel-15 WUS for NB-IoT/LTE-M, a UE capability for different WUS time gaps could be introduced, and 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 determine the MR sleep state to apply).
For a solution with full LP-WUS coverage in the cell no special configuration or signalling would be required. However, for a solution with partial LP-WUS coverage in the cell, Connected WUR should only be configured for a UE within LP-WUS coverage, and UE reporting and RSRP thresholds may have to be defined to determine that. Further, if there is no time to de-configured Connected WUR when the UE moves out of LP-WUS coverage, new conditions would have to be introduced to ensure the UE could autonomously fall back to legacy operation without WUR (since it has become unreachable by gNB). Therefore, the Connected WUR solution with partial LP-WUS coverage is expected to have significantly higher complexity and standardization impact than the solution with full LP-WUS coverage.




4	Conclusion
In the previous sections we made the following observations: 
Observation 1	LP-WUS configuration parameters can be different from legacy parameters, i.e., WUR duty-cycle, PDCCH monitoring window, and WUS time gap can be different from DRX cycle, on-duration and DCP time gap.
Observation 2	A separate and shorter Inactivity timer is beneficial for UEs configured with WUR since moving the UE to a power saving state has less penalty on DL latency.
Observation 3	Capture in TR that complexity and specification impact from Connected WUR solution with partial WUS coverage is considerably higher than with full WUS cell coverage.

Based on the discussion in the previous sections we propose the following:
Proposal 1	SI TR should capture the possible options for WUR operation in Connected, without down-selection, with a clear analysis of the Pros & Cons and RAN2 impact.
Proposal 2	The following options are captured in SI TR [further options and Pros and Cons are FFS]:
		[Option 2] LP-WUS as DCP enhancement (WUS triggers MR monitoring of PDCCH during DRX on-duration)
	o Pros: WUR gain compared to baseline if no data for the UE in on-duration. Minimal spec impact and complexity from reuse of DCP functionality.
	o Cons: Adaptation required if LP-WUS does not have full coverage in cell.
	 [Option 3] Simultaneous LP-WUS as DCP enhancement and DCP (e.g., DCP for fall-back when out of WUS coverage)
	o Pros: WUR gain compared to baseline if no data for the UE in on-duration, when UE is within WUS coverage. Works with partial WUS coverage.
	o Cons: Relatively larger spec impact and complexity due to UE moving in and out of WUS coverage in the cell, potential UE and gNB mismatch, and fallback procedure definition.
	 [Option 4] Sequential use of LP-WUS and DCP (WUS triggers MR monitoring of legacy DCP)
	o Pros: Further “partial” sub-grouping (monitoring of full on-duration can be avoided but not start of MR).
	o Cons: Relatively longer latency from sequential reception. Relatively larger spec impact due to dual operation and interaction for WUR and DCP.
	 [Option 6] Continuous WUR (Inactive timer expiration triggers continuous WUR monitoring instead of C-DRX).
	o Pros: Short DL latency. Small spec impact and complexity.
	o Cons: Higher UE energy consumption than duty-cycled WUR.
Proposal 3	Capture in TR that separate configuration parameters for LP-WUS can be beneficial: WUR duty-cycle, PDCCH monitoring window, WUS time gap, Inactivity timer, etc.
Proposal 4	Capture in TR that, unlike in RRC Idle/Inactive, UE-specific configuration may be provided for Connected WUR in RRC Connected.
Proposal 5	Capture the options for RRM measurements in RRC Connected in SI TR:
	 LP-WUR is used for RRM
	o LP-WUR is used only for serving cell RRM measurements;
	o LP-WUR is used only for neighbor cell RRM measurements;
	o LP-WUR can be used for any type of RRM measurements.
	 MR is used for RRM measurements in Connected, i.e., in the same way as for C-DRX
	 [Further solutions and analysis are FFS]
Proposal 6	UE power saving in Connected is due to omitting PDCCH monitoring, and solutions are only differentiated based on how PDCCH monitoring is later triggered: timer-based (=C-DRX) or triggered by LP-WUS reception (=duty-cycled WUR or continuous WUR). Other solutions should be clearly motivated by proven gains for relevant use cases to be included in the TR.
Proposal 7	Use the following text proposal as baseline for LP-WUS/WUR operation in Connected for the RAN2 input to TR 38.869.
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