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[bookmark: scope][bookmark: foreword]1	Introduction
The core part of the Rel-19 LP-WUS/WUR WI [1] has the following objective:
	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103



This document summarizes contributions [3] – [29] submitted to agenda item 9.6.3 (LP-WUS operation in CONNECTED mode).
[bookmark: _Toc101519362]2	LP-WUS Procedures to trigger PDCCH monitoring
High-level procedures
As captured in TR38.869, four options of LP-WUS high-level procedures to trigger PDCCH monitoring have been discussed in Rel-18 SI.
	Table 7.3.2.3-1: 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 addressed to UE or UE's subgroup is detected and the legacy drx-onDurationTimer is started
	It could follow legacy, i.e. at expiration of a C-DRX timer, e.g. C-DRX drx-OnDurationTimer or when the UE 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 addressed to UE or UE's subgroup is detected
	

	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


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. 
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 to indicate whether to start the next drx-onDurationTimer (i.e. option 1 above)
-	To indicate UE to enters into active time for PDCCH monitoring (i.e. option 2 above)
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 may likely have to be applied to cover the MR transition time compared to DCP):


Figure 7.3.2.3-1: 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' and 'continuous' mode are shown as below:


Figure 7.3.2.3-2: Example for option 2 with 'duty-cycled' LP-WUS


Figure 7.3.2.3-3: Example for option 2 with '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. 
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 7.3.2.3-4: Example for option 4 with 'duty-cycled' LP-WUS


Figure 7.3.2.3-5: Example for option 4 with 'continuous' LP-WUS
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 7.3.2.3-2: 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 is expected compared to legacy DCP due to the difference on power consumption between LP-WUS monitor and PDCCH monitor;
Less specification impact and complexity from reuse of DCP functionality compared to other solutions, e.g. option 2 option 3. 
	It would result in having redundant mechanism for the same purpose.
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
	Power saving gain is excepted compared to current C-DRX mechanism.
LP-WUS configuration is more flexible than option 1 and option 3, e.g. since WUR duty-cycle is not locked to C-DRX cycle;
If a shorter WUR duty-cycle is compared to a longer C-DRX cycle, or continuous mode is used, DL data transmission latency could be reduced compared to C-DRX mechanism and option 1 by not limiting the DL data transmission to a C-DRX onDuration.
	More complexity: how to coexist with current C-DRX mechanism;
More specification impacts: new PDCCH monitoring mechanism needs to be captured, e.g. separate WUR duty-cycle (different from C-DRX cycle), and WUR-specific on-duration timer for PDCCH monitoring must be introduced.

	[Option 3: LP-WUS could be used after the beginning of drx-onDurationTimer]
	Power Saving gain is expected 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
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
	Power Saving gain is expected compared to current C-DRX mechanism and DCP 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;







Many companies provided their view on the preference of these options, roughly categorized as follows:

· Option 1: LP-WUS is used similar as Rel-16 DCP
· Vivo, [TCL], CMCC, CATT, NEC, ZTE, xiaomi, OPPO, CT, Samsung, Lenovo, [Pana], Apple, E///, ETRI, MTK, LGE, QC
· Option 2: LP-WUS could be used at any time outside C-DRX active time to indicate UE to enter into active time
· CMCC, CATT?, NEC, ZTE, Nokia/NSB, ETRI, LGE
· Option 3: LP-WUS could be used after the beginning of drx-onDurationTimer
· SPRD, Vivo, [TCL], xiaomi, CT, Apple, ETRI, QC
· Option 4: LP-WUS could be used at any time regardless of whether C-DRX is configured or not
· SPRD, HW/HiSi, Vivo, CMCC, CATT, ZTE, xiaomi, OPPO, Sharp, CT, [Pana], Apple, LGE

Based on the above summary, option 1 has the most suppport, and hence, at least it can be supported. Note that as reminded by RAN1 chair during the 1st online session on Monday, Rel-19 LP-WUS has limitd TU and RAN1 should focus on essential features.

Proposal 2-1:
· For RRC CONNECTED mode, at least following LP-WUS procedure to trigger PDCCH monitoring is supported
· When C-DRX is configured, LP-WUS indicates whether to start the next drx-OnDurationTimer
· FFS other triggering procedures
	Company
	Y/N
	Comments

	Qualcomm
	Y
	Our understanding is that in this proposal the LP-WUS is only monitored within a window before the configured drx-OnDurationTimer start time. Maybe we can add this as clarification in the proposal.

	Xiaomi
	
	We are OK with the proposal. But only “LP WUS replace DCI” bring very small power saving gain compared to DCP. If this is the only enhancements, then the meaning of the agenda is quite limited. So we suggest the following:
· For RRC CONNECTED mode, at least following LP-WUS procedure to trigger PDCCH monitoring is supported
· When C-DRX is configured, LP-WUS indicates whether to start the next drx-OnDurationTimer
· Other triggering procedures should be also considered. FFS other triggering procedures


	OPPO
	
	We wonder if this can be agreed then the LP-WUS have to be configured with CDRX
We should not limit LP-WUS use case, considering the more power saving gain by direct wake up PDCCH.
	When C-DRX is configured, LP-WUS indicates whether to start the next drx-OnDurationTimer
	PDCCH monitoring is directly trigger by LP-WUS, regardless configuration of CDRX. FFS triggering procedures

	CATT
	
	For the first sub-bullet, does it include the procedure that the LP-WUS trigger MR to monitor DCP, which is also discussed in SI? For the scheme that LP-WUS trigger MR to monitor DCP, power saving can be archived. For example, if the LP-WUS does not indicate MR wake-up to monitor DCP, UE would continue sleeping to achieve UE power saving. If the LP-WUS indicates to monitor DCP, LP-WUS would trigger MR wake up to monitor DCP for DRX adaptation and SCell dormancy.

	Lenovo
	
	In order to make the proposal clearer, it is better to update the first sub-bullet as follow.
· When C-DRX is configured, LP-WUS with replacing the function of Rel-16 DCP indicates whether to start the next drx-OnDurationTimer


	ETRI
	Support
	Since ‘at least’ is already included in the proposal, we are fine with the current proposal as it is.

	LGE
	Y
	It could be the first option that most of companies agree to support. However, it has very limited power saving gain and limited scope. Thus, we should discuss other options to support. 
Generally fine with the proposal. However, we prefer Xiaomi’s modification. 

	Spreadtrum
	
	We think that the discussion should be divided into two scenarios: C-DRX and C-DRX free.
For C-DRX, we have similar views with Xiaomi.

	NEC
	Y
	Support the proposal

	vivo
	N
	As summarized by FL, we think the four options should be discussed together. We cannot go with the option 1 only here, since as we studied in R18 LP-WUS, option 1 will obtain the least power saving gain and even UPT loss at the same time among these four options. Since both using LP-WUS inside or outside DRX onduration timer can obtain the benefits of power saving gain or latency reduction, option 4 which is not limited the using period of LP-WUS i.e., LP-WUS could be used at any time regardless of C-DRX can achieve all the benefits that option 2 and 3 can achieved actually. Hence, option 4 is the most promising LP-WUS operation option. And the detail power saving and UPT performance of LP-WUS operation in RRC connected mode can be found in TR 38.869 section 8.1.2.
By browsing companies view on the usage of LP-WUS, we suggest to recategorize these four options according to how PDCCH monitoring can be triggered by LP-WUS. The following two options should be considered.
Option 1: LP-WUS to replace DCP to trigger the starting of the drx-onDurationTimer.
Option 2: PDCCH monitoring is triggered by LP-WUS regardless of CDRX
· Example 1: LP-WUS monitoring is applied without CDRX configuration. LP-WUS can monitor at any time and PDCCH monitoring is triggered by LP-WUS.
· Example 2: LP-WUS monitoring is applied with CDRX configuration. LP-WUS can monitor at any time (including inside and/or outside active time) and PDCCH monitoring is triggered by LP-WUS.


	Nokia, NSB.
	
	While not meriting in latency, this DCP-like scheme merits in simplicity, thus would be fine to consider it. We would prefer also to consider further enhancement to this scheme with more flexibility on triggering the PDCCH monitoring outside Active time e.g. as considered in Q2.2 in Option 2.

	Sharp
	
	We can copy the wording for PEI in the first bullet.
· For RRC CONNECTED mode, at least following LP-WUS procedure to trigger PDCCH monitoring is supported
· When C-DRX is configured, LP-WUS indicates whether to start the next drx-OnDurationTimer for the next long DRX cycle
· FFS other triggering procedures

	Samsung
	Yes with comment
	We understand the proposal is regarding Option 1 in the summary – similar to Rel-16 DCP, and some mentioning of the monitoring occasion should be mentioned to be distinguishable from Option 3. 

	Apple 
	
	If the intention is to agree on Option 1 here, We also think for this agreement, it needs to be clarified that LP-WUS is monitored in a window before drx-onDurationTimer. 
· For RRC CONNECTED mode, at least following LP-WUS procedure to trigger PDCCH monitoring is supported
· When C-DRX is configured, LP-WUS is used in a windwo before drx-onDurationTime to indicate whether to start the next drx-OnDurationTimer
· Other triggering procedures should be also considered. FFS other triggering procedures


	Futurewei
	N
	We are OK with the two proposed options from vivo.

	Sony
	Yes
	Agree with Qualcomm, that LP-WUS is used to trigger PDCCH monitoring during C-DRX active time.

	DOCOMO
	Y
	We think Rel-16 DCP is baseline for LP-WUS monitoring in CONNECTED mode.

	Huawei, HiSilicon
	N
	Option 1 just have slightly more supporting companies than option 4. For option 1, we doubt how much power saving gain could be obtained. We think vivo’s proposal makes sense.

	ZTE, Sanechips
	
	Similar with vivo but minor update. It is not sure what does the ‘replace DCP’ means. For example, does it mean they are not configured at the same time? Or LP-WUS could have the same performance with DCP, or the CA support for LP-WUS is also the same with DCP? We think no need to mention replace DCP.

Option 1: LP-WUS to replace DCP to trigger the starting of the drx-onDurationTimer.
Option 2: PDCCH monitoring is triggered by LP-WUS regardless of CDRX


	FL1
	
	
Proposal 2-1/2-2a:
For RRC CONNECTED mode, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Option 1: LP-WUS monitoring [in a window before drx-onDurationTimer] to replace DCP with C-DRX to trigger the starting of the drx-onDurationTimer.
· Option 2: PDCCH monitoring is triggered by LP-WUS regardless of C-DRX
· Example 1: LP-WUS monitoring is applied without C-DRX configuration. LP-WUS can be monitored [at any time].
· Example 2: LP-WUS monitoring is applied with C-DRX configuration. LP-WUS can be monitored [at any time] (including inside and/or outside C-DRX active time).


	FL2
	
	
Proposal 2-1/2-2a:
For RRC CONNECTED mode, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring in a window before drx-onDurationTimer to replace DCP to trigger the starting of the drx-onDurationTimer.
· Option 1-2: LP-WUS monitoring outside C-DRX active time to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside C-DRX active time 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 continous LP-WUS monitoring
Combination of these options are not precluded.

	FL3
	
	
Proposal 2-1/2-2b:
For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to replace DCP to trigger the starting of the drx-onDurationTimer.
· Option 1-2: LP-WUS monitoring outside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
Combination of these options in Case 1 and combination of Cases 1 and 2 are not precluded.

	FL4
	
	Following was agreed in Thursday online session

Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded.




Regarding other triggering procedures, given companies have divergent views, further discuss whether/which other triggering procedures should be supported in addition to Option 1
Question 2-2:
· Companies are encouraged to provide views on whether/which other triggering procedures should be supported in addition to Option 1 (i.e., replace Rel-16 DCP) for RRC CONNECTED mode
· Option 2: LP-WUS could be used at any time outside C-DRX active time to indicate UE to enter into active time
· Option 3: LP-WUS could be used after the beginning of drx-onDurationTimer
· Option 4: LP-WUS could be used at any time regardless of whether C-DRX is configured or not
· Option 5: Others (please elaborate the details)
	Company
	Support/Not support
	Comments

	example
	Support: Option 2
Not support: Option 3/4
	We support Option 2 in addition to option 1 because….
We do not support Option 3/4 because…

	Qualcomm
	Support: Option 1
Not support:
Option 2/4, Option 3 (can support after clarification)
	First, we think Rel-19 should only consider the case that C-DRX is configured. For the case that C-DRX is not configured, the specification effort would be too much. Similarly, monitoring LP-WUS anywhere after drx-onDurationTimer achieves similar effect. Monitoring LP-WUS anywhere before drx-onDurationTimer is not necessary for connected mode traffics studied in Rel-18, such as XR which also follows a periodic pattern. Based on this, we think Option 2/4 need not to be supported.
Option 3 may apply to jitter handling at the beginning of the C-DRX OnDuration. To support this function, the LP-WUS only needs to be monitored in a window covering the jitter range. Depending on the UE MR wakeup time, the window may partially overlap with the OnDuration. We think Option 3 can be supported if this restriction is added.

	Xiaomi
	
	We support them generally.
For option 3, we also propose the case that LP WUS is applied during re-transmission timer(especially for UL re-transmission timer). So we suggest the following modification for Option 3:
· Option 3: LP-WUS could be used after the beginning of drx-onDurationTimer/re-transmission timer


	OPPO
	
	Those options seem to be in parallel with the Option1. We wondering why separate them.
We support Option 3 and, in general it can address the measurement enhancement and achieve better power saving gain.

	CATT
	Option3(More clarification is needed)
Support Option 5.
	Regarding Option3, the procedure is not clear for us. Before monitoring the LPPWUS in DRX ON, which signal is applied to trigger the beginning of drx-onDurationTimer, if it is LP-WUS, then high overhead of LP-WUS required. If it is DCP, seems that small power saving can be achieved. 
Apart from the options that FL‘s listed, ’Option X: LP-WUS could be used for DCP monitoring’ should also be added. As discussed above, this scheme can brings power saving gain when the LP-WUS does not indicate MR wake-up to monitor DCP.

	Lenovo
	
	We think Option 1 is enough. In fact, the power saving gain for LP-WUS is mainly from the inactive/idle mode, Rel-19 LP-WUS has limitd TU and RAN1 should focus on essential features.

	ETRI
	Option 2 and clarification for Option 3 is necessary
	Regarding Option 3, it can be applicable during the time duration indicated by drx-onDurationTimer even though the drx-onDurationTimer is not started. Is it correct understanding?

	LGE
	Support: Option 2, Option 4
Need to discuss: Option 3
	Option 2 can be helpful for power saving in case that sporadic but urgent traffic possibly occurs. It is adequate for the UE configured with very long DRX cycle. 
Moreover, we can go a little further, we can consider option 4. For that, DRX can be configured without periodicity other that current C-DRX. This temporary DRX can only be started by LP-WUS reception. For example, it can be configured with on duration timer and inactivity timer (if needed). This DRX configuration can be used even for UE without current periodic C-DRX configuration. UE is not configured with periodic DRX, but UE can start PDCCH monitoring by LP-WUS reception with configured temporary DRX.
Option 3 needs more clarification and discussion. It is simple that LP-WUS is used after indication of PDCCH skipping. UE can be woken up by LP-WUS. However, for the case that UE starts drx-onDurationTimer in micro-sleep state and wake-up to monitor PDCCH by LP-WUS, we should consider ramp-up time. It is quite inadequate that UE wakes up from deep sleep state by LP-WUS and transits to micro-sleep state with starting drx-onDurationTimer. So, for option 3, we need to discuss which scenario can be applied.

	Spreadtrum
	
	For the case that C-DRX is configured, we support Option 3 in addition to Option 1. If we only support Option 1, the power saving gain is very limited.
For the case that C-DRX is not configured, LP-WUS could be used at any time.

	NEC
	Not support option 3 and option 4
	We think LP-WUS in connected mode can be an enhancement for C-DRX, but not to replace C-DRX.

	vivo
	
	As commented for proposal 2-1.

	Nokia, NSB
	Option 2
	We agree with Qualcomm that RAN1 should focus on schemes with cDRX for the following key reasons:

Prioritize with cDRX options:

Reason 1:     

Stepping back and viewing MR power consumption in connected mode more holistically, a significant component of the MR power consumption, is spent on measurements regardless of PDCCH monitoring. Without cDRX, these measurements potentially happen ALL the time. Whereas with cDRX, these measurements are limited to ACTIVE periods. 
 
Hence cDRX provides a mechanism to reduce MR power consumption expended on these measuresmnents. Of course , lengthening cDRX cycles to reduce MR power concumpstion will increase latency BUT we believe that cDRX enhanced with regularly positioned LP-WUS (hence our support for option 2), that this latency issue can be resolved, yielding greater overall power savings and with less specification effort, than any non-cDRX LP-WUS scheme.

Reason 2:      

cDRX provides a pre-specified and well understood fallback mechanism, which could be especially important as the coverage of the LP-WUS may fall short of that of the DL PDCCH, given that the wid targets Msg3 PUSCH.

Why we like option 2:

Enabling more liberal placement of LP-WUS outside active time to trigger PDCCH monitoring, would allow to remove the cDRX cycle based latency baseline, while allowing to limit MR power consumption used for making measurements. 


	Samsung
	Yes with comment
	We are ok with proposal in general, and with the following comments: 
· Option 2 and 3 should be clarified with C-DRX configured
· Wording of Option 2 can be further clarified to show its essential difference from Option 1.

	Apple
	Support: Option 3, Option 5 (LP-WUS can be used when C-DRX is not configured )

Not support: Option 2, Option 4(when C-DRX is configured, basically the same as Option 2)
	We support Option 3, to provide more possibility for UE power saving. 
We also support using LP-WUS when C-DRX is not configured (Option 5), where we consider the extending the use cases of LP-WUS to further save UE power. We think the solutions (e.g. activation/deactivation) for Option 3 and Option 5 could be similar and the spec effort would not be a huge increase. 

We do not support Option 2 as we don’t see any additional benefits on monitoring LP-WUS in any time outside C-DRX active time on top of option 1. 
For Option 4, we think it should be separated into two scenarios, one is when C-DRX is configured, then it is the same as Option 2, thus we do not support this part. The other is when C-DRX is not configured, then it is as Option 5 we proposed to support. 

	Futurewei
	N
	From a wording perspective, based on our understanding, seems that Option 4 is actually a general case that combines option 2 and option 3 together. For clarity, maybe we can limit it to the case when c-DRX is not configured since the other two cases are covered by option 2/3.

	Sony
	None
	We think further options needs to be pursued like, other triggering options could include delaying or advancing the DRX-ON monitoring.
Also, it seems that option 2 implies that LP-WUS can appear any time outside active time, but should at least be at a know location, if not always on.


	ZTE, Sanechips
	
	Similar with vivo but minor update. It is not sure what does the ‘replace DCP’ means. For example, does it mean they are not configured at the same time? Or LP-WUS could have the same performance with DCP, or the CA support for LP-WUS is also the same with DCP? We think no need to mention replace DCP.

Option 1: LP-WUS to replace DCP to trigger the starting of the drx-onDurationTimer.
Option 2: PDCCH monitoring is triggered by LP-WUS regardless of CDRX


	FL1
	
	To be discussed together with Proposal 2-1




Timeline between LP-WUS reception/detectifion and PDCCH monitoring
Regarding the timeline LP-WUS reception/detection and PDCCH monitoring, as captured in TR 38.869, Option 1 (replace Rel-16 DCP) may have longer time offset to cover the MR transition time compared to DCP, and a number of companies mentioned this aspect as follows:
· Vivo
· [bookmark: _Hlk159721595]Support UE can indicate/report one or more than one time gap used for MR transition which is defined as the time gap between the time of detecting a LP-WUS targeted for the UE and the earliest time that the MR shall be ready to monitor the PDCCH.
· Support network configures at least one time gap used for MR transition for a UE
· ETRI
· For Option 1, at least the following parameters should be supported.
· The offset to indicate the starting of LP-WUS occasion(s)
· The time gap for a UE to wake up to monitor PDCCH
· HW/HiSi
· [bookmark: _Hlk159721760][bookmark: _Hlk159721783]In CONNECTED mode, when a UE is triggered by LP-WUS, the UE starts to monitor the PDCCH after LP-WUS reception time, LP-WUS processing time, MR transition time, and potentially the time required for time/frequency synchronization of MR.
· Xiaomi
· Wake up delay of LP WUS should be defined.
· DCM
· Regarding time offset between LP-WUS reception and PDCCH monitoring, at least the following aspects should be considered
· Processing time including LP-WUS decode 
· MR ramp-up time from sleep to active state




Based on the above, following proposal is made. The timeline for other options will be discussed once they are supported.

Proposal 2-3:
· For RRC CONNECTED mode, for the case when C-DRX is configured and LP-WUS indicates whether to start the next drx-OnDurationTimer, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is defined considering at least followings
· LP-WUS processing time
· MR transition time
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
	Company
	Y/N
	Comments

	Qualcomm
	Y
	

	Xiaomi
	
	As to the time gap configuration, suggest to refer to DCP. Since for CONNECTED mode, the MR is just in the same sleep mode as we defined in DCP scheme.

	OPPO
	
	It seems some comments made for generally description of the issue:
· For RRC CONNECTED mode, for the case when C-DRX is configured and LP-WUS indicates whether to start the next drx-OnDurationTimer, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is defined considering at least followings
The transition and processing time is universal for all PDCCH monitoring preparation.


	Lenovo
	
	minimum time gap between LP-WUS reception and MR to start PDCCH monitoring can be configured by gNB UE-specific signaling with potential UE assist information, the UE assist information is FFS. So we don’t need to define the detail time gap, only to discuss the UE assist information.

	ETRI
	
	We tend to agree with Lenovo’s comments. It is necessary to discuss the UE assist information first.

	LGE
	Y
	As Xiaomi stated, minimum time gap for DCP should be referred to. It was discussed already in specifying DCP. 

	Spreadtrum
	Y
	

	NEC
	Y
	Support the proposal.

	vivo
	
	Firstly, we think there is no need to limit the minimum time gap to the case “when C-DRX is configured and LP-WUS indicates whether to start the next drx-OnDurationTimer,”.
Secondly, Could FL clarify what the purpose or spec impact here to define the minimum time gap? From our perspective, in order to keep the same understanding between UE and the network on when MR is able to monitor PDCCH, a UE is required to report its time gap. And the network needs to configure UE with the allowed time gap so that UE can determine which sleep mode it can enter during LP-WUS monitoring.

	Nokia, NSB.
	Y
	In principle, we support the intention of the proposal, though this proposal could be considered in a generic manner (as suggested by OPPO), i.e. not just the DCP-like scheme?  Also, as we are in CONNECTED mode operation, we would assume that MR is well synchronized thus the need for MR synchronization should be limited, at least for shorter DRX cycles.  

	Samsung
	Yes in general
	

	Apple 
	Y in general
	

	Futurewei
	Yes in general
	For the described scheme, LP-WUS is similar to DCP which can already be configured with a minimum time gap, the additional element here is the LP-WUS processing time. Therefore, we suggest formulating the proposal to check whether a different minimum time gap is required for LP-WUS than DCP due to the LP-WUS processing time.

	Sony
	Yes
	

	Huawei, HiSilicon
	
	1. We agree with vivo and OPPO that we don’t need to restrict the proposal only to the case of “when C-DRX is configured and LP-WUS indicates whether to start the next drx-OnDurationTimer”.
2. Does this proposal means we need to define a concept of minimum time gap for LP-WUS? Maybe gNB can just configure a gap which is not smaller than the sum of LP-WUS processing time, MR transition time and Time/frequency synchronization of MR. so in this sense, maybe the proposal can be changed as following by purple color:

For RRC CONNECTED mode, for the case when C-DRX is configured and LP-WUS indicates whether to start the next drx-OnDurationTimer, minimum the time gap between LP-WUS reception and MR to start PDCCH monitoring is not smaller than the sum of defined considering at least followings
· LP-WUS processing time
· MR transition time
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
Some comments to Nokia’s comments on synchronization, we don’t think we should assume the UE’s MR is always to be ready/synched for reception of signals when UE is monitoring LP-WUS, because making MR always to be synched would actually impact the UE’s power consumption and may cause the power saving of LP-WUS is limited.

	ZTE, Sanechips
	
	Suggest the following update. 
· For RRC CONNECTED mode, for the case when C-DRX is configured and LP-WUS indicates whether to start the next drx-OnDurationTimer, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is defined considering at least followings
· LP-WUS processing time
· MR transition time
· Time/frequency synchronization of MR if any
· FFS whether UE can report supported minimum time gap from candidate values


	FL1/FL2/FL3
	
	
Proposal 2-3a:
· For RRC CONNECTED mode, for the case when C-DRX is configured and LP-WUS indicates whether to start the next drx-OnDurationTimer, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is defined considering Rel-16 DCP as starting point and at least followings
· LP-WUS processing time
· MR transition time
· [Time/frequency synchronization of MR]
· FFS whether UE can report supported minimum time gap from candidate values


	FL4
	
	Following was agreed in Thursday online session

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




Miss/False-detection of LP-WUS
Following companies mentioned Miss/False-detection of LP-WUS.
· Samsung
· Consider confirmation message from the UE to the gNB after LP-WUS reception.
· Nokia/NSB
· RAN1 specify a reporting mechanism to enable the Network to determine if the transmitted LP-WUS is being used as intended.

Proposal 2-4:
· For RRC CONNECTED mode, study mechanism to minimize miss/false-detection of LP-WUS
· FFS whether existing mechanism (e.g. HARQ-ACK) is enough or new ones are necessary
	Company
	Y/N
	Comments

	Qualcomm
	
	This does not seem critical for the LP-WUS monitoring. First, the UE RRM/CSI report already provides information about the DL channel condition. Network should be able to infer whether UE can properly monitor LP-WUS. The HARQ-ACK/NACK report can also indicate whether UE has received scheduling DCI as indicated by LP-WUS. The mechanism requires UE to report about LP-WUS reception even gNB did not send the LP-WUS. This increases the UE power consumption.

	Xiaomi
	
	Generally OK

	OPPO
	Y
	

	CATT
	
	Agree with Qualcomm, requiring UE to report the HARQ-ACK/NACK will increase the UE power consumption, which against the intention of UE power saving.  

	Lenovo
	
	We are open to discuss, but with low priority. Also the motivation is not clear , when it is UE specific configuration to activate LPWUS, it is already confirmed

	ETRI
	
	We think the mechanism to minimize miss/false-detection of LP-WUS. In addition to Qualcomm’s comments, it can be configured that a UE can wake-up during the time duration indicated by drx-onDurationTimer if LP-WUS is not detected.

	LGE
	
	It can be discussed but, we think HARQ-ACK is enough. It is for CONNECTED mode, so channel condition could be sufficiently provided. Also, if UE misses LP-WUS detection, UE just behaves with MR. 

	vivo
	N
	We are not clear on the intention and motivation to study minimize miss/false-detection of LP-WUS. In our view, if the coverage of LP-WUS become worse, the network can be aware of the channel condition via UE CSI reporting and will disable the usage of LP-WUS by RRC signaling accordingly.

	Nokia, NSB.
	Y
	Support the proposal.

The mechanism doesn’t need to be complex, could be feedback on a PUCCH.

The mechanism can be optional and maybe even polled based, to minimize unnecessary UE power consumption.

Whilst it is true that the MR is reporting back RRM/CSI, depending on the LP-WUS scheme selected, for the right use-cases, we’d like to relax the cDRX cycle to reduce power consumption, which will mean there will be fewer of these measurements to rely on.

	Samsung
	OK in general
	

	Apple
	
	Fine to study, but we think this could be discussed after the signaling design and the LP-WUS monitoring as well as deactivation/deactivation procedures are clear enough, so that we could have better understanding of which mechanism could better solve the issue.

	Futurewei
	Y
	We are OK with the proposal for further discussion.

	Sony
	Yes
	

	DOCOMO
	
	OK to study but with low priority

	Huawei, HiSilicon
	Yes
	We think this is actually important to avoid misalignment between gNB and UE with respect to the used receiver. Miss the detection of LP-WUS may cause the loss of scheduling DCI for DL traffic. This can be even critical for XR traffic, which is claimed as one potential usage of LP-WUS in connected mode.
We support to study the proposal.

	ZTE, Sanechips
	N
	MDR and FAR would be considered in the further LSS simulation. We are going to satisfy the target, instead of working on minimizing the FAR.

	FL1
	
	As commented by some companies, this proposal can be low priority and discussed after high-level LP-WUS procedure in connected mode becomes clear.




3	Activation/deactivation of LP-WUS monitoring
Activation/deactivation mechanism
As captured in TR38.869, following options of activation/deactivation of LP-WUS monitoring have been discussed in Rel-18 SI.
	-	In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
-	by gNB RRC signaling, with or without UE assistance.
-	by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
-	based on pre-configured condition(s), such as timer. 
-	LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
-	other options are not precluded.



Many companies provided their view on the preference of these options, roughly categorized as follows:

· [bookmark: _Hlk159683234]by gNB RRC signaling, with or without UE assistance.
· SPRD, vivo, TCL, NEC, ZTE, OPPO, CT, Samsung, Lenovo, Apple, DCM, E///, LGE
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· HW/HiSi (w/ ACK/NACK), TCL, NEC, Xiaomi, OPPO, Samsung, Apple, LGE
· FFS: vivo
· based on pre-configured condition(s), such as timer.
· HW/HiSi, TCL, Xiaomi, OPPO, Lenovo, Apple, DCM, LGE, ETRI
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
· known to gNB: HW, vivo, IDC, Lenovo
· other options are not precluded
· UL transmissions for deactivation
· SR: HW/HiSi, vivo
· PRACH: vivo
· CG-PUSCH: vivo
· LP-WUS reception for deactivation: HW/HiSi, [NEC], xiaomi
· LP-SS for activation: TCL
· Activation/deactivation by UE: IDC, [DCM]

As some companies pointed out, the appropriate option may be different according to the LP-WUS triggering procedures. At least for Option 1 (replace Rel-16 DCP) in Section 2, following proposal (based on options supported by majority) can be discussed. Activation/deactivation for other options in Section 2 will be discussed once they are supported.

Proposal 3-1:
· For RRC CONNECTED mode, LP-WUS monitoring by UE is known to gNB. Following activation/deactivation of LP-WUS monitoring are further studied
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer.
	Company
	Y/N
	Comments

	FL
	
	According to the offline discussion on Monday, it would be good to share companies understanding on “activation/deactivation”, such as
· Enabling/disabling LP-WUS monitoring [faster than RRC configuration]
· Switching btw LP-WUS monitoring and MR PDCCH monitoring

	Qualcomm
	
	For the case that we support, i.e., LP-WUS indicates the start of PDCCH monitoring at the beginning of DRX OnDuration, there is no ambiguous understanding of the activation/deactivation of LP-WUS. We do not think dynamic L1 signaling is needed.
For the case that LP-WUS can be monitored anywhere in DRX OnDuration, it can be different between LP-WUS feature activation/deactivation and switching on/off for LP-WUS monitoring, depending on whether UE autonomous switching between PDCCH monitoring and LP-WUS monitoring is possible. This requires major design efforts to specify. For this reason, we think it should be deprioritized in Rel-19.

	Lenovo
	
	The proposal is the same as the SI output, the list solution is studying all the time. We should further down-select some of the solutions.

	ETRI
	
	Dynamic L1/L2 signaling is not necessary.

	LGE
	
	We support to discuss activation/deactivation of LP-WUS monitoring. Regarding FL’s comment, we think that these activation/deactivation methods should be separately discussed for enabling/disabling and switching. 
For the case of enabling/disabling LP-WUS monitoring, RRC signaling is the best option. Moreover, we think UE request can be considered. As it is for CONNECTED mode, UE can request enabling of LP-WUS monitoring if LP-WUS is not currently disabled. 
For the case of switching between LP-WUS monitoring and MR PDCCH monitoring, L1/L2 and/or LP-WUS can be the option. However, it needs be discussed that MR and LP-WUR must operate exclusively. There might be the case that MR and LP-WUR operates at the same time. 

	NEC
	
	In our understanding, activation/deactivation of LP-WUS only means whether LP-WUS monitoring is enabled or disabled, and we think the LP-WUS monitoring and MR PDCCH monitoring can be independently configured and decided.

	vivo
	N
	As we pointed out in the off-offline discussion, companies have different understanding on the definition of activation/deactivation of LP-WUS monitoring. From our view, RRC signalling should be the most basic option for enabling/disabling condition of the LP-WUS feature i.e., PDCCH monitoring triggered by LP-WUS. After confirming that, we can further discuss whether there is need to consider faster enabling/disabling condition including L1/L2 LP-WUS activation/deactivation signaling and pre-configured condition.
Besides, for the switching between LP-WUS monitoring and MR PDCCH monitoring, it should be separately discussed from the enabling/disabling condition. And the switching condition between LP-WUS monitoring and MR PDCCH monitoring can include the interaction with the existing power saving techniques and UL transmission impacting on LP-WUS monitoring e.g.,
· UL transmission e.g., SR, RACH.
· PDCCH skipping indication e.g., UE monitoring LP-WUS within PDCCH skipping duration.
· SSSG switching e.g., UE switch to target SSSG to monitor PDCCH after receiving the target LP-WUS.

	Nokia, NSB.
	
	For us, we had assumed that in this context “activation/deactivation” referred to the first bullet suggested by the FL:

Enabling/disabling LP-WUS monitoring [faster than RRC configuration]

Hence to allow network to control if the LP-WUS operation is applied or not.

	Samsung
	Yes in general
	

	Apple 
	
	We agree with FL that this needs to be separated for discussion. We thinks the first bullet can be interpreted as enabling/disabling of the LP-WUS feature/operation. From this perspective, we think RRC signaling is enough for LP-WUS function enabling/disabling including monitoring occasions and periodicity, etc. Then the rest is to discuss about the switching behaviors between LP-WUS and MR PDCCH after the feature is enabled, which is related to how the LP-WUS monitoring is activated or deactivation. 
Then for the switching between LP-WUS monitoring and MR PDCCH monitoring, we think more conditions need to be considered, e.g. by implicit indication, such as resumption of PDCCH indicates switching to LP-WUS monitoring. 
· by gNB L1/L2 signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer.
· based on implicit indication, such as resumption of PDCCH indicates stop of LP-WUS monitoring.

	Futurewei
	
	Based on our understanding, activation and deactivation is referring to enabling/disabling of L-WUS monitoring (and falling back to, e.g., default, legacy scheme) using L1/L2 signaling while still considering the configuration provided by RRC.

	Huawei, HiSilicon 
	
	We had the understanding that “activation/deactivation” means “start LPWUS monitoring” and “stop LP-WUS monitoring” in the context of LP-WUS study. 
However, if companies can align the terminology, we think it is good to separately discuss “enabling/disabling of the feature” and “switching between LP-WUS monitoring and PDCCH monitoring”. Can be just align the terminology to just use “enable/disable” and “switch” in RAN1, and should we ask RAN2 what does “activation/deactivation” means in RAN2 agreement?

	FL1/FL2/FL3/FL4
	
	According to the companies comments, it would be common understanding that, for enabling/disabling LP-WUS feature (i.e, PDCCH monitoring triggered by LP-WUS.), RRC configuration is enough.

Proposal 3-1a:
· For RRC CONNECTED mode
· LP-WUS monitoring by UE is known to gNB. 
· LP-WUS feature, i.e., PDCCH monitoring triggered by LP-WUS, is enabled/disabled by gNB RRC signaling with or without UE assistance.
· Following activation/deactivation of switching between LP-WUS monitoring and MR PDCCH monitoring are further studied
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer.
· based on implicit indication.


	FL5
	
	
Proposal 3-1b:
· For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· FFS whether or not there is the case gNB fails to know LP-WUS monitoring by UE and if so, how to address this case
· Following options are further studied
· Option 1: No additional indication/condition are necessary for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on pre-configured condition(s), such as timer.
· Option 4: PDCCH monitoring resumption from LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission, timer.



	FL6
	
	Following was agreed in Friday online

Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.




[bookmark: _Hlk159690105]Miss/False-detection of LP-WUS activation/deactivation
[bookmark: _Hlk159690056]Following companies mentioned Miss/False-detection of LP-WUS activation/deactivation.
· HW/HiSi
· The impact due to miss-detection/falsely-detection of LP-WUS activation/deactivation signaling should be minimized/avoided for CONNECTED mode UE.
· Samsung
· Support explicit or implicit triggering mechanisms for the LP-WUS monitoring, and potential confirmation message(s) from the UE to the gNB for handshake. 

Proposal 3-2:
· For LP-WUS activation/deactivation in RRC CONNECTED mode, study mechanism to minimize miss/false-detection
· FFS whether existing mechanism (e.g. HARQ-ACK) is enough or new ones are necessary
	Company
	Y/N
	Comments

	Qualcomm
	N
	For the RRC and MAC-CE based activation/deactivation signaling, existing HARQ-ACK report for the signaling is enough.

	Lenovo
	
	We are open to discuss, but with low priority. Also the motivation is not clear , when it is UE specific configuration to activate LPWUS, it is already confirmed

	ETRI
	No
	

	LGE
	N
	Existing method is enough. 

	vivo
	N
	Same comments as that for proposal 2-4.

	Nokia, NSB.
	
	Open to this “study” proposal.  In addition, we think companies should also start considering fallback measures in the event of false activation/missed deactivation or entry/exit.

	Samsung
	Yes in general.
	Before MR tuning off by activation, it can be confirmed whether LP-WUS/LP-SS is well received by LP-WUR. It may be different from the existing HARQ-ACK to activation signaling implying activation signaling is well received by MR.

	Apple
	
	Could be revisited after we have better understanding on the activation/deactivation mechanism. 

	Futurewei
	
	We are ok in general

	Huawei, HiSilicon
	Yes
	What we proposed is about the switching of LP-WUS monitoring and PDCCH monitoring. 
With respect to the LP-WUS feature enabling, we agree of course use RRC and MAC CE is reliable already.

	ZTE, Sanechips
	
	If the activation is performed based on RRC configuration, why miss/false-detection is needed to be considered. 
For switching of LP-WUS monitoring and PDCCH monitoring, before the necessity is clear, we do not think this proposal is needed. 

	FL1
	
	As commented by some companies, this proposal can be low priority and discussed after high-level LP-WUS activation/deactivation procedure in connected mode becomes clear.




4	WUS monitoring occasions
Duty-cycled and continuous monitoring
As captured in TR38.869, both duty-cycled and continuous monitoring have been discussed for RRC CONNECTED mode in Rel-18 SI. Also, WID states that at least duty-cycled monitoring is suppoeted.
	Table 7.3.2.2-1: Pros and Cons of 'duty-cycled' and 'continuous' 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.
	Potentially shorter DL latency than 'Duty-cycled' mode.
LP-WUR does not need to keep track of slot or radio frame numbering (i.e., DRX timing).


	Cons
	LP-WUR must keep track of slot and/or radio frame numbering (i.e., DRX timing).
Potentially longer DL latency.
	Higher power consumption than duty-cycled LP-WUS.



Two examples for UE operations for 'duty-cycled' mode and 'continuous' mode are shown in the below two Figures.
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Figure 7.3.2.2-1: Example for 'Duty-cycled WUR' operation
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Figure 7.3.2.2-2: Example for 'Continuous WUR' operation



Many companies provided their view on the preference of the monitoring mode, roughly categorized as follows:
· Duty-cycled monitoring
· SPRD, vivo, Xiaomi?, Sharp, Samsung, Sony, [Nokia/NSB], E///, ETRI, ZTE
· Continuous monitoring
· HW/HiSi, Xiaomi?, Sharp, Sony, [Nokia/NSB], ZTE

While companies have divergent view here, whether continuous monitoring is necessary or not may depend on the LP-WUS triggering procedure discussed in Section 2, as some companies pointed out. At least for Option 1 (replace Rel-16 DCP) in Section 2, LP-WUS monitoring is only necessary before C-DRX ON duration as shown in the following figure. Hence, following proposal is made. LP-WUS monitoring mode for other options in Section 2 will be discussed once they are supported.



Proposal 4-1:
· For RRC CONNECTED mode, for the case when C-DRX is configured and LP-WUS indicates whether to start the next drx-OnDurationTimer, only duty-cycled monitoring of LP-WUS is supported
	Company
	Y/N
	Comments

	Qualcomm
	Y
	In addition, similar to DCP monitoring, the LP-WUS is only monitored in a window that is substantially shorter than the CDRX cycle. 

	Xiaomi
	
	Generally OK

	CATT
	
	Similar with the discussion in IDLE/INACTIVE mode, we may only need to define the monitoring occasion instead of using duty-cycle or continuous monitoring. 

	Lenovo
	
	It may depend on the output of Proposal 2-1 and proposal 2-2.

	ETRI
	Support
	

	LGE
	Y
	Some MOs right before DRX Active Time can be used for LP-WUS replacing DCP (option 1), and other MOs can be used for triggering DRX not configured periodically (option 2 and option 4).

	Spreadtrum
	Y
	

	vivo
	
	Since proposal 4-1 is related with LP-WUS procedures, maybe we can discuss on section 2 procedure part firstly.

	Nokia, NSB.
	
	For this type of operation we would think duty-cycled operation is viable.

	Samsung
	Yes in general
	It’s better to clarify continuous monitoring is not supported for this case, to better illustrate the intention of “only” in the proposal. 

	Apple
	
	Same comment as QC. 

	Futurewei
	
	We can discuss the procedures options first, otherwise, this can be restricted to when LP-WUS replaces DCP only.

	Sony
	Yes
	

	DOCOMO
	Y
	Only duty-cycled monitoring should be supported in Option1 in Section 2.

	Huawei, HiSilicon
	
	We can discuss section 2 first. With respect to duty-cycled monitoring, we think consecutive LP-WUS monitoring occasions can be monitored in the monitoring window before DRX ON duration.

	ZTE, Sanechips
	N
	Continuous monitoring also could be supported. In this case, WUR keeps monitoring LP-WUS at any time outside the active time.
To achieve latency reduction, the starting time for DRX-ONduration could be earlier, instead of starting the next duration-on.  

	FL1
	
	Proposal 4-1 can be discussed after high-level LP-WUS procedure in connected mode becomes clear.




In addition to the monitoring mode, following views are provided related to LP-WUS monitoring occasions, which can be discussed after high-level design of LP-WUS for RRC CONNECTED mode (and RRC IDLE/INACTIVE modes) is decided.
· Vivo
· [bookmark: PP12]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.
· Xiaomi
· Support periodical transmission occasions of LP WUS shared by multiple UEs.
· LP WUS can be configured in the same or different carrier/band from where MR operates.
· UE is only required to monitor LP WUS on one frequency location.
· Samsung
· Proposal 3: In RRC_CONNECTED mode, the configuration of LP-WUS is further provided by dedicated RRC parameter, in addition to the methods supported in RRC_IDLE and RRC_INACTIVE modes.
· [bookmark: _Toc159057281]Sony
· The UE operating in RRC connected mode is expected to monitor a given LP-WUS resource.
· Nokia/NSB
· RAN1 to further evaluate the monitoring frequency and occasion placement for LP-WUS in CONNECTED mode.
· MTK
· At least LP-WUS monitoring occasions for idle/inactive-mode UEs and connected-mode UEs are not overlapped to avoid unexpected indication.


5	LP-WUS payload
As captured in TR38.869, following candidates of LP-WUS contents have been discussed in Rel-18 SI.
	-	For CONNECTED mode, study at least following candidates for content of LP-WUS
-	information on which user(s) is/are targeted by the LP-WUS
-	e.g UE-group, -subgroup or -ID
-	indication to wake-up to PDCCH monitoring.



Many companies provided their view on the preference of these options, roughly categorized as follows:
· Contents, 
· Group common wake-up indication: vivo, TCL, [NEC], ZTE, Samsung, Nokia/NSB, [DCM]
· UE specific wake-up indication: vivo, HW/HiSi, CMCC, CATT, NEC, ZTE, Xiaomi?, Sony, Lenovo, [DCM]
· Cell information: TCL
· SSSG switching: Xiaomi
· BWP switching: Xiaomi
· Payload size
· Up to 16 bits: vivo, HW/HiSi
· Up to 12 bits: CATT
· Up to 8 bits: E///
· Can be different from IDLE/INACTIVE modes: Lenovo

For Option 1 (replace Rel-16 DCP) in Section 2, Rel-16 DCP supports group common PDCCH monitoring and UE specific wake-up indication (up to 140 bits) as specified in TS38.212, and hence, same mechanism can be considered while payload size is much smaller. LP-WUS contents and payload size for other options in Section 2 will be discussed once they are supported.
	[bookmark: _Toc29326620][bookmark: _Toc51852457][bookmark: _Toc36046220][bookmark: _Toc36046366][bookmark: _Toc36045960][bookmark: _Toc45209283][bookmark: _Toc29327770][bookmark: _Toc146106281]7.3.1.3.7	Format 2_6
DCI format 2_6 is used for notifying the power saving information outside DRX Active Time for one or more UEs. 
The following information is transmitted by means of the DCI format 2_6 with CRC scrambled by PS-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter ps-PositionDCI-2-6 provided by higher layers for the UE configured with the block. 
If the UE is configured with higher layer parameter ps-RNTI and dci-Format2-6, one block is configured for the UE by higher layers, with the following fields defined for the block:
-	Wake-up indication - 1 bit
-	SCell dormancy indication – 0 bit if higher layer parameter dormancyGroupOutsideActiveTime is not configured; otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to the number of different DormancyGroupID(s) provided by higher layer parameter dormancyGroupOutsideActiveTime, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter dormancyGroupOutsideActiveTime, with MSB to LSB of the bitmap corresponding to the first to last configured SCell group in ascending order of DormancyGroupID.
The size of DCI format 2_6 is indicated by the higher layer parameter sizeDCI-2-6, according to Clause 10.3 of [5, TS 38.213].




Proposal 5-1:
· For RRC CONNECTED mode, maximum LP-WUS payload size is up to X bits, FFS value X, which is no more than [16]
	Company
	Y/N
	Comments

	Qualcomm
	Y
	The discussion is straightforward for encoded bits based connected mode LP-WUS design. For the OOK sequence based LP-WUS proposed by companies, it can be clarified that the number of bits is the number of individual UE, UE-subgroup or UE-group indicated by the LP-WUS. 
When CDRX is configured, staggering of UEs associated with different CDRX starting time will reduce the requirement for a large payload. For the payload size, a relatively small value - 8 bits can be used.

	Xiaomi
	
	Generally OK

	OPPO
	Y
	

	CATT
	
	As FL’s shown above, the format 2_6 consists two indicaiont part, one is for wake-up indication (1 bit) and another is Scell dormancy indication (0~5 bits) . By replacing the DCP, the 5 sets of information bits for Scell dormancy indication should be within the design of LP-WUS payload size. If the the purpose of LP-WUS indication is wake-up indication and Scell dormancy indication, up to 12 sets of information bits of LP-WUS can support up to two UEs.

	Lenovo
	
	A typo for the sub-bullet? RRC IDLE/CONNECTED? Why should the minimum payload size be the same for CONNECTED mode and IDLE mode support different functionalities?
It is better to list the potential content of the LP-WUS for support the functionality of Option 1 in proposal 2-1.

	LGE
	
	We are okay with the proposal. However, LP-WUS design is optimized for IDLE/INACTIVE mode, thus we need to wait the discussion on payload size for IDLE/INACTIVE mode.

	Spreadtrum
	Y
	

	vivo
	Y
	To support per UE specific wake-up indication, it is preferred that the LP-WUS can carry more bits to carry UE specific information. To achieve the trade-off between the payload size and power saving gain for a connected UE, up to 16 bits is a suitable LP-WUS payload size.

	Nokia, NSB.
	
	Qualcomm raise an interesting point about whether this size of LP-WUS assumes:

Option 1:   A conn. LP-WUS that is UE-specific
Option 2:   A conn. LP-WUS that serves multiple UEs

There may be use cases where larger payloads can be justified for option 2. Option 1 would in our understanding imply time multiplexing of LP-WUS associated with different UEs. Feasibility of this would depend on the LP-WUS footprint. 

Note, our starting point, is that if a DCP like scheme is specified, the bitmap style payload is adopted, where for individual UEs, there is a unique bit to indicate whether that UE should monitor PDCCH or not (and there are no bits for indicating SCell dormancy).



	Sharp
	
	X does not include the CRC size if encoded code-based WUS is selected

	Samsung
	
	Some comments
· The wording “payload size” seems implies message based coding, but we don’t have such discussion and agreement yet
· The size of bits carried by LP-WUS shall joint consider the information bits and CRC bits

	Apple
	
	We think it can be discussed later when the design of LP-WUS and IDLE/INACTIVE mode is clearer. 

	Futurewei
	
	We are ok

	Sony
	Yes/No
	The wording “payload size” seems implies message based coding, but we don’t have such discussion and agreement yet 
What does the X bits means? Does it imply the LP-WUS require coding/decoding for that X bits?

	Huawei, HiSilicon
	
	Theh payload size can be changed to “information bits”?

	ZTE, Sanechips
	N
	For the conclusion part in the TR, it stated that
	For the overhead of LP-WUS used for RRC IDLE/INACTIVE UEs, it depends on the number of information bits, time-frequency occupation, traffic inter-arrival time, number of beams, system BW.
-	For 5MHz LP-WUS with single PUSCH MSG 3 as MIL target
-	For OFDM based LP-WUS carrying information of up to 24bits, the overhead is marginal (up to 0.16%) for 20MHz or 100MHz system BW
-	For OOK/FSK-2 based LP-WUS carrying information up to 24bit, the overhead is marginal (up to 1.98%) for 20MHz. Note that in this case, the overhead evaluation in some sources includes LP-WUS and LP-SS. The reported maximum payload and maximum overhead are from different sources and are not corresponds to each other.



So, based on this, 24bits is also possible and has been evaluated. We think we can start with this.


	FL1/FL2/FL3
	
	
Proposal 5-1a:
· For RRC CONNECTED mode, maximum number of LP-WUS payload size information bits is up to X bits, FFS value X, which is no more than [16]


	FL4
	
	Following was agreed in Thursday online session

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]





In addition to the LP-WUS contents and payload size, following view are provided related to LP-WUS payload, which may need some coordination with AI 9.6.1
· [bookmark: _Hlk158993890]IDC
· A portion of LP-WUS information can be informed to UE implicitly using LP-WUS monitoring resource association.
· LGE
· Discuss how to compose the payload and overlaid OFDM sequence of LP-WUS for CONNECTED mode at least as follows,
· The essential indication for UE behavior is contained in the payload of LP-WUS.
· The additional information for UE behavior is contained in the overlaid OFDM sequence of LP-WUS.


6	Coexistence with existing UE power saving features
In addition to C-DRX discussed in Section 2, many companies provided their view on the coexistence with existing UE power saving features, roughly categorized as follows:
· General
· Apple: LP-WUS procedures should be able to operate independently from legacy UE power saving schemes.
· Rel-16 DCP
· Can coexist
· TCL: Both LP-WUS and PDCCH based WUS can be configured for a UE. UE use only one of them at a certain time. The condition of using LP-WUS or PDCCH based WUS can be further studied.
· CATT: For RRC_CONNECTED mode, the offset value of the LP-WUS monitoring occasion relative to the DCP monitoring occasion should be configured based on the transition time from the sleeping state to active state and the UE preparation of the coherent demodulation.
· NEC: if group-common LP-WUS configuration is supported for RRC_CONNECTED, LP-WUS can be used in combination with DCP to address the paging false alarm issue
· CT: Combine with the DCP in the C-DRX operation
· Lenovo: LP-WUS can be used in conjunction with Rel-16 DCP (e.g., wake up to monitor DCP)
· Cannot coexist
· HW/HiSi: If DCP is configured, after LP-WUS monitoring is activated, the UE should not monitor DCP in MR.
· CMCC: LP-WUS and Rel-16 DCP can not be configured or activated to one UE simultaneously.
· ZTE: LP-WUS and DCP does not need to be configured at the same time
· Rel-17 PDCCH skipping
· Can coexist
· CMCC: LP-WUS and Rel-17 PDCCH skipping/SSSG switching can be configured or activated to one UE simultaneously.
· ZTE: No issue is foreseen when LP-WUS coexists with PDCCH skipping
· Xiaomi: Case 2-1: LP WUS is used within PDCCH skipping duration, Case 2-2: LP WUS is used outside PDCCH skipping duration
· Nokia/NSB: RAN1 study the use of LP-WUS to support early termination of PDCCH skipping.
· Cannot coexist
· HW/HiSi: After LP-WUS monitoring is activated, the UE should stop/suspend the Rel-17 PDCCH adaption mechanism, if configured
· Rel-17 SSSG switching
· Can coexist
· CMCC: LP-WUS and Rel-17 PDCCH skipping/SSSG switching can be configured or activated to one UE simultaneously.
· Xiaomi: LP WUS is applied alone, or with SSSG switching configured.
· Cannot coexist
· HW/HiSi: After LP-WUS monitoring is activated, the UE should stop/suspend the Rel-17 PDCCH adaption mechanism, if configured
· SPS/CG transmission
· Can coexist
· ZTE: Earlier SPS/CG transmission and moderate PSG is foreseen when LP-WUS can be used to trigger SPS/CG transmission

Given divergent view on whether LP-WUS can work with existing UE power saving features, following proposal is made for further study

Proposal 6-1:
· For RRC CONNECTED mode, further study whether/how LP-WUS works with following existing UE power saving features
· Rel-16 DCP
· Rel-17 PDCCH skipping
· Rel-17 SSSG switching
· CG/SPS
	Company
	Y/N
	Comments

	Qualcomm
	Y
	For the case that LP-WUS is used to replace DCP, the design only needs to consider interaction with Rel-16 DCP. 

	Xiaomi
	
	Generally ok with the following modifications, since CG/SPS is not power saving reatures
· For RRC CONNECTED mode, further study whether/how LP-WUS works with following existing UE power saving features
· Rel-16 DCP
· Rel-17 PDCCH skipping
· Rel-17 SSSG switching
· CG/SPS


	OPPO
	Y
	

	CATT
	Y
	As we discussed above, the procedure that the LP-WUS trigger MR to monitor DCP can bring power saving gain. Since LP-WUS is a new freatie for Rel-19, how to coexist with the current power saving techniques should be prioritized. 

	Lenovo
	
	It may depend on the output of other proposals above

	ETRI
	Yes
	

	LGE
	Y
	Fine with the proposal.

	NEC
	Y
	We are open to discuss LP-WUS jointly design with existing UE power saving features.

	vivo
	Y
	

	Nokia, NSB.
	
	Generally OK with first 3 bullets, but we wonder if CG/SPS is a low priority optimization that is not intrinsically linked to the WID objectives?

	Samsung
	OK for study
	

	Apple 
	
	We are open to discuss co-existing with legacy power saving features, however we think it needs to be clarified is that whether it means that
1. At first level, the LP-WUS procedure can operate in a standalone way, i.e. without supporting the legacy features as listed, UE can perform the LP-WUS operation. 
2. Then we discuss whether the LP-WUS procedure can be configured simultaneously with legacy features, and if configured, what is the interaction between the configured features.
Another understanding would be that some legacy features is used to activate/deactivate the LP-WUS feature/monitoring, which we would rather the LP-WUS not to depend on legacy feature. 

	Futurewei
	
	We are OK with the first 3 bullets

	Sony
	Yes
	

	Huawei, HiSilicon
	Yes
	The proposal is general enough. We are fine with it.

	FL1/FL2/FL3/FL4
	
	
Proposal 6-1:
· For RRC CONNECTED mode, LP-WUS can be configured without following existing features. Further study whether/how LP-WUS works with following existing UE power saving features
· Rel-16 DCP
· Rel-17 PDCCH skipping
· Rel-17 SSSG switching
· [CG/SPS]


	FL6
	
	This proposal was discussed in Friday online but could not get consensus.




7	Other aspects
The submitted contributions bring up the following other aspects which are not covered in any other sections in this summary.

Applicable scenarios use cases for CONNECTED mode
· Panasonic: The applicable scenarios and use cases need to be clarified for better understanding before specifying the procedures.

MR transmission/reception during LP-WUS monitoring
· TCL: At least support transmitting SR/BSR/RACH/HARQ-ACK when LP-WUS indicates not monitoring PDCCH.
· Nokia/NSB: Simultaneous monitoring and detection of WUS whilst the MR is ACTIVE (eg performing measurements, measurement before SR), is supported.
· FFS: If this is a separate UE Capability

CSI report enhancement for LP-WUS operation
· Xiaomi: Support CSI report enhancement during the MR’s non-active period.

Question 7-1:
· Is there a need to treat any of the issues listed above in this meeting?
	Company
	Y/N
	Comments

	Qualcomm
	Y
	Regarding Panasonic’s proposal, the WID mentioned "No optimization for CONNECTED", we propose to keep this in mind for further discussion with limited TU.

	Xiaomi
	Y
	CSI report enhancement can be supported, since it brings extra power saving gain. And it should be noted that CSI report relaxing is also considered for C-DRX.

	LGE
	Y
	Overlaid OFDM sequence can be discussed in CONENCTED mode. WID states as follows.
•	The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
The OFDM sequence can be used for carrying information and it is not restricted for delivering same information for CONNECTED mode.

	Nokia. NSB.
	Y
	We think that simultaneous monitoring and detection of WUS whilst the MR is ACTIVE (eg performing measurements, measurement before SR), should be confirmed, as if this is not the case, there will be a number of additional considerations to make, eg what to do if the LR misses LP-WUS detection due to ongoing MR measurements?

	FL1/FL2/FL3/FL4
	
	Following agreement was made in 9.6.2
Proposal 2-1: 
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode

Similar proposal for connected mode can be discussed, while clarification of “Multi-beam operations” may be necessary
Proposal 7-1:
· Multi-beam operations are supported for LP-WUS for connected mode


	FL6
	
	This proposal was could not be discussed in this meeting.




8	Conclusions
Following agreements were made in this meeting.

Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded.

Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]

Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one

Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.
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