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Introduction
This report provides a summary of the following post-meeting email discussion: 
[AT123bis][510][LP-WUS] connected mode (vivo)
	Scope: Can consider additional option (if support is significant), Can consider to describe the options a little but better, identify open points that should be addressed/clarified in the SI. Can consider to capture pros/cons for each option. Can consider capture something related to duty-cycled, continuous modes. 
	Intended outcome: 
	Deadline: CB acc to Meeting schedule


The deadlines for this discussion are the following:
· [bookmark: OLE_LINK129][bookmark: OLE_LINK130]October 12th: 16:00 UTC: deadline for companies’ feedback;
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Discussion
LP-WUS and DRX
[bookmark: _Toc242573360]Per instruction by the Chair, the objective of this email discussion is to discuss possible options of using low-power receiver in RRC Connected. 
In the email [1] and online discussion, the following 3 directions are proposed, as follows:
· [bookmark: OLE_LINK131][bookmark: OLE_LINK132]Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX. 
· Direction 2: LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX, i.e. works without C-DRX.
· Direction 3: LP-WUS monitoring is transparent to current MAC operation
From RAN2 point of view, the direction 3 might not have impact to MAC. Hence the rapporteur would like to suggest that we focus our discussion on the first two directions.
· Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX
Companies have common understanding that the LP-WUS could be configured outside DRX active time as summarized in [1]. However, it is not clear how the LP-WUS works in this case, the proposed options are summarized as following:
Option 1-1: the LP-WUS has similar functionality as Rel-16 DCP [2][3][4][5][6][7][8][9][14]
In this option, UE performs LP-WUS monitoring just before the drx-onDurationTimer of Long DRX and UE starts drx-onDurationTimer if LP-WUS with an indication to start the drx-onDurationTimer is detected, otherwise, UE won’t start the drx-onDurationTimer. 
Option1-2: LP-WUS could be configured at any time outside DRX active time to indicate UE to enter into active time [2][3][4][5][7][8][9][12]
In this option, LP-WUS could be configured at any location outside DRX active time and UE will enter into DRX active time for PDCCH monitoring if LP-WUS with an indication to activate/resume PDCCH monitoring is detected, e.g. UE starts the drx-InactivityTimer. 
Option1-3: LP-WUS could be configured after the beginning of drx-onDurationTimer, e.g. XR use case [5][4?][9]
This option is mainly to improve the power saving performance for XR traffic. Since the XR data packets have a wide range of unpredictable jitter and UE couldn’t predict when the data will arrive exactly, UE has to perform intensive PDCCH monitoring in the entire jitter range to receive the scheduling of XR traffic timely when drx-onDurationTimer is started. Hence, LP-WUS could proposed be used to save the unnecessary PDCCH monitoring during jitter range in this case. In detail, the UE starts to monitor LP-WUS instead of PDCCH from the beginning of drx-onDurationTimer and the UE resumes PDCCH monitoring from micro or light sleep of MR once LP-WUS is detected. 
· Direction 2: LP-WUS monitoring occasion is not determined based on any timer related C-DRX 
For direction 2, LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX, which means that LP-WUS could be configured at any time. 
Option 2-1: LP-WUS could be configured at any time regardless of whether DRX is configured or not [2][3][5][12]
[bookmark: _Hlk146812498]In this option, UE won’t monitor PDCCH unless it receives the LP-WUS with an indication to activate/resume PDCCH monitoring. 
Question 1: Companies are invited to provide views on whether there is concern on the above options for LP-WUS works in RRC_CONNECTED mode and whether companies agree to capture these options in TR?
	Company
	Direction 1 (Yes/ No)
	Direction 2 (Yes/ No)
	Comments 

	
	Option 1
	Option 2
	Option 3
	
	

	OPPO
	No
	Yes
	No
	No
	Compared with PDCCH-based DCP, UE power consumption of LP-WUS monitoring is ultra-low, so we think it would make more sense to allow LP-WUS to be used at any time to wake up MR to monitor PDCCH, but not be limited to drx-onDurationTimer only. 
For direction 2, it is not clear how UE determines not monitoring PDCCH. 

	Qualcomm
	yes
	See comment
	no
	yes
	In our reply, “yes” means “agree to capture in TR”.
In our view, Option 1-2 is essentially the same as Option 2-1.
Rapp: we agree with that the option 1-2 is same as option 2-1 when C-DRX is configured, option 2-1 is used to confirm whether LP-WUS could be used without C-DRX.

	Xiaomi
	Yes
	Yes
	No
	No
	LP-WUS monitoring occasion and its configurations are determined in RAN1.
RAN2 should focus on how LP-WUS can trigger MR PDCCH monitoring to start procedures related to DRX timer(s).
Option3:
This has been discussed in XR. And the legacy SSG switching can be reused.

Direction2: 
LP-WUS can work with UE not configured DRX. However, in this release, let us focus on LP-WUS working with UE configured DRX.

	Nokia
	Neutral
	Y
	N
	Y
	We understand that option 1 may have the minimal specification impact, but the benefit would be also because the basic functions are already there with DCP. It would be desirable to find use cases that can be supported additionally by LP-WUS, and in this sense, option 1 may be  of high importance.  
Option 2 of Direction 1 would be essential from RAN2 perspective. 

	LG
	yes
	no
	no
	yes
	In our reply, “yes” means “agree to capture in TR”.
For direction 2, It is not clear whether the UE is continuously monitor the PDCCH or the UE starts the new timer when the LP-WUS is signalled. If the new timer is used, it is same as option 1-2. In this case, we do not need to capture two same options in the TR. 
For option 1-3, we do not need to discuss how to monitor the PDCCH monitoring only for the specific case. We need to discuss general principle for LP-WUS.
Rapp: We want to clarify that the only difference of direction 2 and option 1-2 is that the direction 2 could be used without C-DRX.  In this way, we think you are ok with the option 1-2 also. 

	SONY
	Y
	Y
	N
	Y
	We are not clear about the question. There are pros and cons of all options So it would depend on the solution if there is a concern or not, but not clear if we should indicate concern with the proposal as such or whether it should be captured in the TR or not:
But is we need to downselect, we have indicated Y for what to capture in TR. 

	CATT
	Yes
	Yes
	Yes
	No
	We understand Option 1-2 is DRX without drx-OnDurationTimer.
Regarding drx-RetransmissionDL/UL and HARQ RTT timer, we think following the legacy UE behaviour is OK.
For direction 2, we agree with QCOM that it is essentially the same as 1-2, so no need to capture it explicitly. Whether to have same or different timers than C-DRX is stage 3 issue.

	Lenovo
	Yes
	Yes
	No
	No
	We think that the most straightforward solution is to replace DCP functionality with LP-WUS (when LR is configured and activated to monitor for LP-WUS). With Option 1-2, the solution although more complex than Option 1-1 might be worth studying to reduce DL data transmission latency. In order to keep the SI compact, we do not think Option 1-3 and Option 2 need to be studied. With Option 1-3, the power saving gain offered may be limited to XR type applications and may not be as impactful as Option 1-1/ 1-2. And, with Option 2, this may only work when LR is configured in continuous mode which may significantly reduce the power saving gain offered by using the LR.  As the main motivation for this SI is to maximize power saving gain, we propose to limit the study to the options that truly provide this benefit.
Rapp: We agree with that for direction 2 when C-DRX is not configured, it is most likely that UE needs to continuously monitor LP-WUS, however, we think there is still power saving gain.

	vivo
	Yes 
	Yes 
	Yes 
	Yes 
	

	Huawei
	Yes
	Yes
	No
	Yes
	But we think it is a bit difficult to understand the “LP-WUS could be configured”, it can be described as how the LP-WUS impacts the UE behaviour on PDCCH monitoring, e.g. LP-WUS can trigger the monitoring of DCP, LP-WUS can trigger the start of C-DRX related timer/new timer.

	NEC
	Yes
	Yes
	No
	Yes
	For option 3, it is PDCCH monitoring activation, somehow just a technique as opposite of PDCCH monitoring skipping. To our understanding, we don’t need this over-optimization at this stage. Also we are not clear about the offset between LPWUS reception and MR activation.

	Ericsson
	Yes
	No
	No
	No
	Note that “Yes” indicates that the solution in principle can be captured in TR with RAN2 recommendation.
Rapp: I assume you are ok to capture all options in TR, but the recommendation is option 2, which will be discussed in next meeting. 

	Samsung
	Yes
	No
	Yes
	Yes
	Agree with QCom that Option 1-2 is same as Direction 2 where the UE monitors LP-WUS and starts monitoring PDCCH upon reception of LP-WUS. The only difference is Option 1-2 reuses the drx-inactivitytimer and in case direction 2, we would anyway have to define a new timer to stop the PDCCH monitoring. 
Rapp: We want to clarify that the only difference of direction 2 and option 1-2 is that the direction 2 could be used without C-DRX. Whether the LP-WUS will trigger a timer could be further discussed.


Summary:
13 companies provide their views on the possible options of using low-power receiver in RRC Connected.
For option 1-1: the LP-WUS has similar functionality as Rel-16 DCP. Most(12/13) companies accept to capture this option in TR considering it has minimal specification impact.  Following the majority, we think the option 1-1 could be captured in TR.
For option 1-2: LP-WUS could be configured at any time outside DRX active time to indicate UE to enter into active time.  All (13/13) companies agree to capture it in TR, hence option 1-2 could be captured in TR.
For option 1-3: LP-WUS could be configured after the beginning of drx-onDurationTimer. Most compamies(8/13) don’t agree to capture it in TR. Following the majority, the option 1-3 won’t be captured in TR. 
For direction 2: LP-WUS monitoring occasion is not determined based on any timer related C-DRX. 3 companies propose the direction 2 is essentially the same as option 1-2, rapporteur agrees with that the direction 2 includes the option 1-2 and want to clarify that the only difference of direction 2 and option 1-2 is that the direction 2 could be used without C-DRX.  Based on companies inputs, 9/13 companies agree to capture direction 2 in TR while 4/13 companies don’t agree it. Based on the input, rapporteur suggests we could capture the direction 2 in TR online.
Proposal 1: Capture the LP-WUS using option that LP-WUS has similar functionality as Rel-16 DCP in TR. 
Proposal 2: Capture the LP-WUS using option that LP-WUS could be configured at any time outside DRX active time to indicate UE to enter into active time in TR .
Proposal 3: FFS whether to capture the LP-WUS using option that LP-WUS could be configured after the beginning of drx-onDurationTimer in TR. 
Proposal 4: Capture the LP-WUS using option that LP-WUS could be used when C-DRX is not configured in TR and FFS the detail. 
To facilitate further discussion in WI, the rapporteur would like to suggest to capture the above options along with the corresponding pros/cons of each option in the TR.
Question 2: Companies are invited to provide views on whether agree to capture the pros/cons of the LP-WUS work options in RRC_CONNECTED mode in the TR?
	Company
	Agree/Not Agree
	Comments

	OPPO
	Agree
	

	Qualcomm
	neutral
	

	Xiaomi
	-
	Can be based on Q1 just capture the cases that are most accepted.

	Sony
	Agree
	We should document the benefits and drawbacks of the potential schemes, given that this is a study item.

	CATT
	Agree
	

	Lenovo
	Agree
	We think providing pros and cons in the TR is useful to understand and compare the different options. Also agree with Xiaomi. 

	vivo
	Agree 
	

	Huawei
	Agree
	

	NEC
	Agree
	Agree with Xiaomi, just capture the agreed option.

	Ericsson
	Agree but
	We should only capture the pros/cons for the solutions eventually agreed to captured in the TR.


Summary:
10 companies provide their views on whether capture the pros/cons of the LP-WUS using options in RRC_CONNECTED mode in the TR. Among of them, all companies could accept to capture it in TR while 3 companies suggest to wait for the output of Q1. Following the majority, rapporteur suggests that we capture the pros/cons of the LP-WUS work options in RRC_CONNECTED mode in the TR.
Proposal 5: Capture pros/cons of the LP-WUS using options in RRC_CONNECTED mode in the TR. 
According to companies’ contributions submitted in this meeting, the pros/cons of each option are summarized as below:
	LP-WUS options 
	pros
	cons

	Option 1-1
	Power Saving gain compared to legacy DCP. Minimal spec impact and complexity from reuse of DCP functionality. 
	DL data transmission latency, since the UE’s DL data transmission could only be started after drx-ondurationTimer is started

	Option 1-2
	More flexible, DL data transmission latency could be reduced.
	More complexity and more specification impacts, e.g. RAN2 needs to discuss in this case which timer will be used and how to configure LP-WUS.

	Option 1-3
	Power Saving gain by reducing unnecessary PDCCH monitoring for XR traffic.
	More specification impacts considering it may change the current PDCCH monitoring behaviour

	Option 2-1
	More flexible, DL data transmission latency could be reduced.
	More complexity considering we need to discuss how to stop the PDCCH monitoring.



Question 3: Companies are invited to provide views on whether companies agree the pros/cons listed above? And whether there are any additional pros/cons to be added?
	Company
	Agree/Not Agree
	Comments and additional pros/cons

	OPPO
	Agree
	

	Nokia
	Not agree
	It would be good to address the pros and cons more in detail than just saying e.g., more flexible, because ‘flexibility’ may mean different flexibility for different options, which requires more time to check.

	Sony
	Not agree
	But agree with Nokia comment

	CATT
	Agree
	We think the following pros/cons can be added.
Option 1-2:
Specifically on the LP-WUS configuration, the performance may depend on whether LP-WUS is periodic, continuous, etc which depends on RAN1.
Option 1-3: 
The UE resumes PDCCH monitoring from micro or light sleep of MR once LP-WUS is detected. We are wondering whether the latency can be satisfied in XR considering the ramping time from micro or light sleep of MR to MR wake up can be as long as 6ms (based on RAN1 simulation assumption).

	Lenovo
	Not Agree
	With Option 1-1, we are not sure if this is a con because this option does not introduce any additional latency from the legacy procedure. The LP-WUS monitoring only needs to be done at an offset from the DRX on-Duration based on the MR’s “wake-up” time (time until MR can start PDCCH monitoring again). 
For Option 1-3, we do not think there could be significant power saving gain given that the power saving is only achieved when there are long PDCCH monitoring durations in which DL data is not received. Hence, we think it needs to be specified that the power saving gain might not be matched in comparison to the power saving offered by other options. 
For Option 2-1, the cons section needs to capture that this option may only work when LR is configured with continuous mode monitoring which may significantly reduce the power saving gain of using the LR. 

	vivo
	Agree 
	

	NEC
	Agree
	For flexible, maybe we can say “more flexible configuration”.

	Ericsson
	Agree but
	Pros/cons need to be provided with further details. Then we have comments on the proposed text to capture the pros/cons. For example, we do not think the following is entirely true for Option 1-1:
“DL data transmission latency, since the UE’s DL data transmission could only be started after drx-ondurationTimer is started.”
If better latency is needed, why would the network not configure the UE with a more frequent C-DRX cycle. Note that monitoring can anyway be cancelled if no LP-WUS is missing. In short, we do not agree that this is a con for this option.
Considering the time left in this meeting this can be only done (at least to a certain extent) in a post email discussion to discuss the text to be captured in the TR (similar to the post email discussions for the running CRs)


Summary:
8 companies provide their views on views on whether companies agree the pros/cons listed above. Among of them, 4 companies think the summarized pros/cons above is not detailed or accurate, 4 companies agree the summarized pros/cons. Since the views is split, rapporteur suggests we could further discuss the pros/cons of the LP-WUS work options in RRC_CONNECTED mode
Proposal 6: Draft the pros/cons of the LP-WUS work options in RRC_CONNECTED mode during the TR phase. 
LP-WUS and DCP
In [1], regarding the coexistence of LP-WUS and DCP, the following options are discussed:
· 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.
[5][9] support the option 2 while [11] supports the option 3. [3] analyses the pros and cons of the above options as follows:
	Options on LP-WUS coexistence with DCP
	pros
	cons

	Option 2
	WUR gain compared to baseline if no data for the UE in on-duration. Minimal spec impact and complexity from reuse of DCP functionality.
	Adaptation required if LP-WUS does not have full coverage in cell.

	Option 3
	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.
	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
	Further “partial” sub-grouping (monitoring of full on-duration can be avoided but not start of MR).
	Relatively longer latency from sequential reception. Relatively larger spec impact due to dual operation and interaction for WUR and DCP.


Question 4: Companies are invited to provide views on whether companies have concern on these options on LP-WUS coexistence with DCP and whether companies agree to capture these options in TR?
	Company
	Direction 1 (Yes/ No )
	Comments 

	
	Option 2
	Option 3
	Option 4
	

	OPPO
	No
	No
	No
	See our comments to Q1. We think UE should be allowed to monitor LP-WUS as any time, but not limited to the drx-onDurationTimer only. So in our view, DCP and LP-WUS can be decoupled, and we don’t need to consider the coexistence issue between LP-WUS and DCP.

	Qualcomm
	yes
	yes
	yes
	We think all options are possible, depending on RAN1’s final design (e.g. coverage of LP-WUS vs PDCCH)

	Xiaomi
	Yes
	No
	Yes
	It seems that the NW gives UE 2 configurations but allows UE to only one of them at any time.
And we do not see gain compared to giving UE just one configuration.
We also see huge Spec impact.  


	Nokia
	
	
	
	Desired option may depend on how LP-WUS is to be designed. If it is just a replacement of DCP, option 2 would be sufficient. 

	LG
	
	
	
	Agree with Nokia.

	Sony
	N
	Y
	Y
	What does “yes/no” refer to: “have concern” or “agree to capture in TR”? We assume it means “have concern”, hence “N” would mean “we do not have concern”. 
 
Option 2 will save most power. This is not related to coverage if the UE can detect that it is out of LP-WUS coverage and switch to monitoring legacy PDCCH when out of LP-WUS coverage. 

The UE/gNB mismatch and fallback issues for option 3 make this problematic. However, the gNB would presumably have the freedom to activate either the DCP or LP-WUS features if supported by the UE. 

[bookmark: _Hlk148037219]We don’t see significant power saving gain in supporting both the LP-WUS and DCP power saving features at the same time. 

	CATT
	Yes
	Yes
	Yes
	At this stage we think all these options can be captured in TR.

	Lenovo
	Yes
	Yes
	Yes
	We think all three options are worth being studied. Although in our view, Option 2 and 3 may be similar considering that there still needs to be some adaptation for Option 2 when UE moves out of LR coverage (e.g. UE needs to fallback to legacy DRX procedure or may need to configure DCP before exiting LP-WUS). 

	vivo
	Yes
	Yes
	
	Agree with Nokia, that for the LP-WUS using option that replacement of DCP, option 2 would be sufficient.  
For option 2, it may depends on the LP-WUS coverage.
For option 3,  the LP-WUS may coeixst with DCP in other LP-WUS using options except the option 1-1 in 3.1. 


	Huawei
	Yes
	Yes
	Yes
	Ok to capture all these options in TR.

	NEC
	Yes
	Yes
	No
	For option 4, if LPWUS in RRC_CONNECTED is UE specific, then DCP is not needed, otherwise unnecessary power consumption is assumed.

	Ericsson
	Yes
	No
	No
	Note that “Yes” indicates that the solution in principle can be captured in TR with RAN2 recommendation.

	Samsung
	Yes
	Yes
	Yes
	All 3 options can captured. Option 2 is not needed if the NW can know which RX the UE is using. 


Summary:
13 companies provide their views on the issue that LP-WUS coexistence with DCP and whether the options could be captured in TR.  Among these companies, 1 company proposes that DCP and LP-WUS can be decoupled and there is no need to consider the coexistence issue. 3 companies think whether LP-WUS could coexist with DCP may depend on the LP-WUS using option in RRC_CONNECTED mode.  Regarding the details options, companies views are as follows:
· For opiton 2, 12 companies support this option. 
· For option 3, 7 companies agree to capture it in TR, they think the option 3 is possible if the LP-WUS coverage is smaller than PDCCH coverage. While 4 companies don’t support this option since the spec impact. 
· For option 4, 6 companies agree to capture it in TR, 4 companies don’t support to capture it in TR since there is no additional power saving gain using the LP-WUS and DCP at the same time, 3 companies think it depends on how to use LP-WUS in RRC_CONNECTED mode.
Based on the input, rapporteur gives the following suggestion:
Proposal 7: If LP-WUS is used to replace DCP, LP-WUS and DCP are not configured/used simultaneously. 
Proposal 8: FFS whether it is possible that LP-WUS and DCP are configured for a UE and UE use only one of them at any time e.g. depend on network configuration or link quality. 
Proposal 9: FFS whether LP-WUS could be used in conjunction with DCP. 
Question 5: If companies agree to capture all or part of the above options, whether companies agree to captured the pros/cons of options on LP-WUS coexistence with DCP the in the TR?
	Company
	Agree/Not Agree
	Comments

	Qualcomm
	neutral
	

	Nokia
	Comment
	If options are to be listed up, the details including pros/cons would be needed. 

	Sony
	Ok
	

	CATT
	Agree
	

	Lenovo
	Agree
	We think providing pros and cons in the TR is useful to understand and compare the different options. 

	vivo
	Agree 
	If options are to be listed up, the details including pros/cons would be needed.

	Huawei
	Agree
	

	NEC
	Agree
	But just capture the agreed option.

	Ericsson
	Agree but
	We should only capture the pros/cons for the solutions eventually agreed to be captured in the TR.


Question 6: whether companies agree the pros/cons listed in [3]? And whether there are additional pros/cons to be added?
	Company
	Agree/Not Agree
	Comments and additional pros/cons 

	CATT
	See comments
	In [6], we also analyze the RAN2 impacts. And we want to clarify that:
Option 2:
Pros: From the network perspective, it sends only one kind of signal since the signal is configured by the network. So, it has lower resource consumption.
Cons: possible new specific UE report in support of network awareness of LP-WUS coverage issue for reconfiguring DCP as backup.
Option 3: 
In our view, similar to IDLE/INACTIVE, the network would always send both LP-WUS and DCP, and it is up to UE which one to monitor. So the cons is a higher DL load and energy consumption for the network, but mismatch is not an issue if network does not need to know.
Pro is using the same principle as for IDLE/INACTIVE, i.e. network does not need to know which of MR or LP-WUR UE is using, + UE autonomously switching from one to another, so faster reactivity to coverage loss with LP-WUS.
Option 4:
Cons: From the network perspective, it has to send two redundant signals, and it is unclear which functionality DCP adds on top of LP-WUS. Unclear the benefit of “partial” subgrouping if any.

	Lenovo 
	Agree
	

	vivo
	Agree 
	

	NEC
	Agree with comment
	If option 4 is captured, Capture in option 4 that more power consumption is assumed due to DCP monitoring and if LPWUS in RRC_CONNECTED is UE specific, then DCP is not needed.

	Ericsson
	Agree
	


Summary:
9 companies agree to capture the pros/cons of options on LP-WUS coexistence with DCP the in the TR.  And 5 companies give their views on the pros/cons listed in [3], among the companies, 2 companies give other pros and cons. Since there is no enough opinions on the pros and cons, rapporteur suggests we further discuss the pros and cons if needed.
Proposal 10: If LP-WUS and DCP coexistence options will be captured in TR, their pros/cons will also be captured in TR and FFS the pros/cons during the TR phase. 
Duty-cycled and/or continuous modes
There are two LP-WUS modes: duty-cycled mode and continuous mode [3][8][5]. There are separate advantages and disadvantages for the two modes. For duty-cycled mode, more power saving gain can be achieved, but longer latency is forseen. For continuous mode, the latency is shorter, but less power saving gain is forseen. Rapporteur thinks that RAN2 can assume both duty cycle and continuous for LP-WUS are supported at least in study item phase. 

Question 7: Companies are invited to provide views on whether agree that RAN2 assumes both duty cycle mode and continuous mode for LP-WUS should be supported?

	Company
	Yes or No?
	Comments

	OPPO
	Yes
	It should be up to RAN1 to decide which mode to use.

	Qualcomm
	See comment
	This question depends on the outcome of Question 1. For the options under Direction 1, LP-WUS monitoring occasions are coupled to DRX states, hence the monitoring is duty cycled. For the options under Direction 2, LP-WUS monitoring occasions are configured without restriction (or in relationship with other configurations), then the monitoring is continuous. 

	Xiaomi
	-
	RAN1 is discussing this. We can wait for more RAN1’s input.

	Nokia
	Yes
	It is also related to what RAN2 wants to do with LP-WUS, i.e., it would not be solely RAN1 decision.

	LG
	Yes
	It is up to RAN1 decision.

	Sony
	See comment
	For long DRX cycles in connected mode, there may be a benefit for duty cycled DRX.
So it would depend on the scenario, short on long Main radio DRX cycle, but also whether LP-WUS should work in parallel with DCP or not. So there are multiple situations for where Always on respectively duty-cycled LP-WUR.

	CATT
	Yes
	We can support both at SI stage.

	Lenovo
	Yes
	We think both modes may be supported by the LR, and also from a SI phase perspective, it is worth to study both the modes for LR.

	vivo
	Yes 
	It depends on RAN1’s discussion. 

	Huawei
	Yes
	It is up to RAN1 decision.

	NEC
	Yes
	Duty-cycled mode is better for power consumption while continuous mode is better for latency. As for the power consumption by using continuous mode, it needs to depend on RAN1 simulation.

	Ericsson
	No
	This is not the WI phase. If there is no consensus, we cannot capture it in the TR as a recommendation from RAN2. We can instead capture it as an option along with the pros/cons.

	Samsung
	Yes
	We can capture both the modes of operations in SI phase


Summary:
13 companies provide their views. 9 companies agree that RAN2 assumes both duty cycle mode and continuous mode for LP-WUS should be supported.  Among the companies:
· 6 companies think it depends on RAN1;
· 1 company thinks it depends on the output of Question 1. For the options under Direction 1, LP-WUS monitoring occasions could be duty cycled. For the options under Direction 2, LP-WUS monitoring occasions is continuous.
· 1 company thinks it depends on whether short or long Main radio DRX cycle is used or whether LP-WUS should work in parallel with DCP or not.
· 1 company thinks it also is related to what RAN2 wants to do with LP-WUS.
· 2 companies think both modes may be supported in TR.
· 1 company thinks we should discuss it in TR.
Since there is no majority, rapporteur suggests we discuss it online.
Proposal 11. Whether duty cycle mode and/or continuous mode for LP-WUS in connected mode are supported will be discussed in WI phase. 
Question 8: Companies are invited to provide views on what is the RAN2 impacts on duty cycle mode and continuous mode from RAN2 point of view?

	Company
	Comments

	Qualcomm
	See our comment to Question 7

	Nokia
	If RAN2 aims at achieving low-latency PDCCH monitoring with reduced power, continuous mode would be beneficial. 

	Sony
	Both modes needs to be described including UE identification for continuous operation, and subgrouping etc for duty cycled, in order to minimize false wake-up, etc, etc. 

	CATT
	Potential performance impact on Option 1-2?

	Lenovo
	We think that duty-cycle mode is more beneficial for power saving. We also think that it could be modelled to not produce any additional latency in comparison to legacy procedure (at least for Connected Mode). With continuous mode, although latency could be reduced, we think that the power saving gain may be significantly affected. Hence, we think RAN2 needs to recommend duty-cycle mode for LR in RRC_CONNECTED Mode. But for the TR, we think it is worth to capture both options and the respective pros and cons. 

	Huawei
	It should be discussed combined with options in Question 1, in some case, continuous mode brings lower latency.

	Ericsson
	We should discuss this rather from pros/cons standpoint in RAN2 as suggested above.

	Samsung
	It would be good to capture which LP-WUS design would have requirements of a continuous monitoring mode vs a duty cycle based operation.


Summary:
7 companies provide their views on RAN2 impacts on duty cycle mode and continuous mode of LP-WUS. 1 company thinks continuous mode is beneficial for low-latency PDCCH monitoring; 1 company thinks the UE identification for continuous mode and subgrouping for duty cycle should be considered; 1 company thinks duty cycle mode could achieve more power saving gain and it should be recommended.  1 company thinks it should be discussed combined Q1. 1 company suggests we capture the pros/cons in TR. 
Proposal 12. Capture the pros/cons and RAN2 impacts for duty cycle and continuous mode for LP-WUS in TR. 
Others
Question 9: Companies are invited to provide views on any other issues, if any. 

	Company
	Yes or No?
	Comments

	Xiaomi
	
	We are not sure how MR deal with the times (e.g. BWP IAT timer) when MR goes to micro deep sleep and no PDCCH monitoring is required. We are not sure whether UE stops BWP IAT timer or not. Additionally, for SPS and CG, we need to discuss whether is kept as deactivated or not while the UE monitors LP-WUS and MR is in sleep.
Proposal: RAN2 is suggested to discuss the LP-WUS impact on SPS, CG and the times.


	Nokia
	
	We agree with Xiaomi that interaction or impact to SPS/CG need be discussed.

	Lenovo
	Yes
	We think it might be useful to consider optimizations to the wake-up behaviour of MR when the UE receives LP-WUS or when MR needs to wake-up due to UL data transmission, to maximize the power saving gain as much as possible especially if MR may have to be frequently woken up. 

	
	
	

	
	
	


Summary:
3 companies provide their views on other issues. 1 company proposes the issue how MR deal with the timers, e.g. BWP IAT timer; 2 companies propose to discuss the LP-WUS impact on SPS, CG; 1 company propose to consider the optimization when UE is waked up due to UL data transmission. 
Since there is no other issues from the majority, rapporteur suggests these issues could be discussed based on individual company’s contribution. 
[bookmark: _Toc242573361]Conclusions
Based on the outcome of the discussion, RAN2 is kindly requested to consider the following proposals for agreement:
Proposal 1: Capture the LP-WUS using option that LP-WUS has similar functionality as Rel-16 DCP in TR. 
Proposal 2: Capture the LP-WUS using option that LP-WUS could be configured at any time outside DRX active time to indicate UE to enter into active time in TR .
Proposal 3: FFS whether to capture the LP-WUS using option that LP-WUS could be configured after the beginning of drx-onDurationTimer in TR. 
Proposal 4: Capture the LP-WUS using option that LP-WUS could be used when C-DRX is not configured in TR and FFS the detail. 
Proposal 5: Capture pros/cons of the LP-WUS using options in RRC_CONNECTED mode in the TR. 
Proposal 6: Draft the pros/cons of the LP-WUS work options in RRC_CONNECTED mode during the TR phase. 
Proposal 7: If LP-WUS is used to replace DCP, LP-WUS and DCP are not configured/used simultaneously. 
Proposal 8: FFS whether it is possible that LP-WUS and DCP are configured for a UE and UE use only one of them at any time e.g. depend on network configuration or link quality. 
Proposal 9: FFS whether LP-WUS could be used in conjunction with DCP. 
Proposal 10: If LP-WUS and DCP coexistence options will be captured in TR, their pros/cons will also be captured in TR and FFS the pros/cons during the TR phase. 
Proposal 11. Whether duty cycle mode and/or continuous mode for LP-WUS in connected mode are supported will be discussed in WI phase. 
Proposal 12. Capture the pros/cons and RAN2 impacts for duty cycle and continuous mode for LP-WUS in TR. 
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