


[bookmark: _Hlk145670493][bookmark: _Hlk117841894][bookmark: OLE_LINK13][bookmark: OLE_LINK12]3GPP TSG RAN WG1 #117  	          	             R1-2404565
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Source: 	ZTE, Sanechips
[bookmark: Title]Title:	Discussion on LP-WUS operation in CONNECTED mode
Agenda item: 	9.6.3
[bookmark: DocumentFor]Document for:	Discussion and decision

Introduction
[bookmark: OLE_LINK3]In RAN1 #116 meeting [1], some initial agreements for LP-WUS in connected mode were achieved [1].
	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.


In RAN1 116bis meeting [2], some options are narrow down selected. 
	Agreement
Update the following agreement in RAN1#116 in red:
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 at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· Option 1-3: LP-WUS monitoring inside at least legacy 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 should be considered.
· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2
· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any


[bookmark: OLE_LINK22]In this contribution, issues on LP-WUS operation in CONNECTED mode are discussed.
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]Activation/deactivation
[bookmark: OLE_LINK10]Based on the discussion, there are several options for activation/deactivation method. 
· 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.
For option1, it helps save the workload for RAN1 and also could help for UE power saving. RRC activation/deactivation could be considered as a simple way when LP-WUS is configured. In this case, the LP-WUS could be activated or deactivated based on the RRC configuration, similar DCI 2-6. 
For option2, in RAN1, the L1 signaling could be discussed and specified if necessary. However, we need to identify the motivation firstly. If the UE should receive an activation DCI before monitoring LP-WUS, it would be a kind of power wasting as shown in the following figure. 
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Figure 1. Activating LP-WUS monitoring via RRC or DCI
However, for deactivation, using DCI for deactivation would be natural, since the UE has been waken-up by LP-WUS and all the transmission are finished. In this case, using a DCI, e.g., a scheduling DCI in last transmission, to deactivate the LP-WUS would be appropriate without increasing additional power consumption.
Observation 1: Monitoring DCI for LP-WUS activation, compared with RRC activation, causes more power consumption.
Similarly, L2 activation is not so necessary if L1 deactivation is introduced. Whether L2 deactivation is needed requires further clarification.
For option3, activation/deactivation of LP-WUS monitoring is based on some condition(s), such as timer. For activation, using a timer to activate the LP-WUS monitoring is similar with that an offset for LP-WUS monitoring is configured. For deactivation, a timer could be considered, especially when the UE have not received the LP-WUS for a long time after activation. It is reasonable to doubt that the UE fails to detect the LP-WUS. 
For option4, the LP-WUS monitoring is based on implicit indication/condition, e.g. UL transmission. It seems the UL transmission is feasible to be used for LP-WUS deactivation, instead of activation. However, from our perspective, when the UL transmission, e.g., PRACH, happens, whether the UE monitor LP-WUS is kind of UE behavior, instead of deactivating LP-WUS. As shown in the following figure, there is no harm to keep monitoring LP-WUS after RACH for sync. 
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Figure 2. LP-WUS monitoring and UL transmission
Proposal 1: RRC activation/deactivation is the baseline
· DCI deactivation and fallback mechanism based on that UE does not received LP-WUS for a long time can be considered.
· The motivation for L2 activation/deactivation should be further clarified if L1 deactivation is introduced.
· Option 4 is not considered for activation/deactivation of LP-WUS monitoring.

LP-WUS monitoring schemes with C-DRX
[bookmark: OLE_LINK27][bookmark: OLE_LINK19]As summarized in TR38.869 by RAN2, “Compared with UE in RRC_IDLE/INACTIVE state, UE in RRC_CONNECTED state is more sensitive to the latency.” Therefore, the design principle for LP-WUS monitoring in CONNECTED mode should ensure UE power consumption reduction and maintaining latency performance compared to the existing power saving mechanisms.
[bookmark: OLE_LINK26]Proposal 2: For LP-WUS monitoring in CONNECTED mode, UE power consumption reduction and maintaining latency performance should be ensured compared to the existing power saving mechanisms.
Additionally, in RAN2, the C-DRX active time is defined as follows
	When DRX is configured, the Active Time for Serving Cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or drx-RetransmissionTimerSL is running on any Serving Cell in the DRX group; or
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4 or 5.22.1.5). If this Serving Cell is part of a non-terrestrial network, the Active Time is started after the Scheduling Request transmission that is performed when the SR_COUNTER is 0 for all the SR configurations with pending SR(s) plus the UE-gNB RTT; or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a); or
-	there is an ongoing RACH-less LTM cell switch; or
-	there is an ongoing RACH-less handover in a terrestrial network.


The related parameters are defined based on
	RRC controls DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration at the beginning of a DRX cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL, DL or SL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle starts;
-	drx-NonIntegerLongCycleStartOffset (optional): the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle start, when the length of the Long DRX cycle and/or the short DRX cycle is not an integer;
-	drx-ShortCycle (optional): the Short DRX cycle;


If drx-onDurationTimer or drx-InactivityTimer are not changed, and only the starting time for the timers are changed, it does not impact the C-DRX active time definition.
Observation 2: Only adjusting the starting time for the C-DRX timers does not change the definition of C-DRX active time.
Further clarifications
With C-DRX, there are three options on the table for further study.
· 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 at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
Option 1-1
For option 1-1, some power saving gain can be achieved, but there is no latency gain, since the duration-on timer is not changed. If the duration-on timer is adjusted earlier, the latency gain also could be achieved. In this case, in one C-DRX cycle, the duration-on timer only could be triggered once. That is to say, if the duration-on timer is triggered earlier, the duration-on timer based on legacy starting time would not be triggered again.
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Figure 3. Option 1-1 mechanism

Observation 3: For option 1-1, PSG can be achieved in connected mode
· No latency reduction if the startoffset for duration-on timer is not adjusted.
· Latency reduction if the startoffset for duration-on timer could be adjusted.
· In one C-DRX cycle, the drx-onDurationTimer configured by DRX-config only could be triggered once.
Proposal 3: For option 1-1, further clarify the starting time of the drx-onDurationTimer may be adjusted to achieve latency reduction
· Note: the drx-onDurationTimer only could be triggered once in one C-DRX cycle.

Option 1-2
For option 1-2-1, the illustration is shown as follows:
[image: ]
Figure 4. Option 1-2-1 mechanism
Besides that the LP-WUS could be used to trigger a new active time for latency reduction, and also the LP-WUS could be used to trigger the legacy C-DRX active time or mute the C-DRX active time to save power. 
Observation 4: For option 1-2-1, both PSG and latency reduction could be achieved if combined with option 1-1.
For option 1-2-2, similar as option 1-1, we need to clarify some interpretations. Based on the assumption that the duration-on timer only could be triggered once in one C-DRX cycle regardless whether the duration-on timer is based on legacy starting time or new starting time. In this case, “PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS” means
· PDCCH monitoring in New active time:PDCCH monitoring is triggered by a totally new timer
· PDCCH monitoring in adjusted C-DRX active time: PDCCH monitoring is triggered by a duration on timer with adjusting the starting time.
[image: ]
Figure 5. Interpretation 1 of option 1-2-2, assuming drx-onDurationTimer only could be triggered once in one C-DRX cycle, the PDCCH monitoring could be in new active time or adjusted C-DRX active time.
During the adjusted C-DRX active time, some UE behaviors, e.g., measurement is the same as the UE during legacy active time. And there is no legacy active time and the UE does not need to perform, e.g., measurement during the legacy active time.
Observation 5: For Interpretation 1 of option 1-2-2, both PSG and latency reduction can be achieved and no need to combine with option 1-1.
Another interpretation for option 1-2-2 is, “PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS” means
· PDCCH monitoring in new active time: PDCCH monitoring is only triggered by a totally new timer.
· Legacy C-DRX active time is not activated.
The illustration is shown in following figure
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Figure 6. Interpretation 2 of option 1-2-2, PDCCH monitoring is performed in new active time and legacy C-DRX active time is not performed.
Based on this, during the legacy C-DRX active time, the UE can obtain both PSG and latency reduction benefits. However, in this case, the legacy UE behaviors, e.g., measurement, in C-DRX active time are not performed anymore.
Observation 6: For Interpretation 2 of option 1-2-2, both latency reduction and PSG can be achieved, legacy behaviors in legacy C-DRX active time are not performed anymore.
Proposal 4: For option 1-2-2, clarify the following interpretations are included
· Interpretation 1: PDCCH monitoring could be triggered by new timers or drx-onDurationTimer with adjusting the starting time.
· Interpretation 2: PDCCH monitoring is triggered by new timers and legacy drx-onDurationTimer are not activated.

Option 1-3
For option 1-3, seems it could be used for XR traffic with jitter, and PDCCH skipping duration. To be more specific, with the jitter range, if LP-WUS can wake-up PDCCH monitoring at any time, there is no need for the UE to enter into the active time and monitor LP-WUS for wake-up. Moreover, during the PDCCH skipping duration, if the gNB can schedule the duration time properly, LP-WUS is not needed. If the gNB can not schedule the duration time properly, gNB does not need to configure a long active time which still contains the a time duration for PDCCH skipping, instead, the gNB can configure a short active time to finish the transmission and then let the UE monitor the LP-WUS outside the active time. Therefore, from our understanding, the motivation for option 1-3 is still unclear.
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Figure 7. Alternative solution for option 1-3
Additionally, in the SI stage, the following two LP-WUS schemes are evaluated and option 1-3 is not evaluated.
	-	LP-WUS scheme 1
-	LP-WUS to trigger the resumption of MR PDCCH monitoring from micro/light/deep sleep. 
-	Note: LP-WUS scheme1 does not require C-DRX configuration.
-	LP-WUS scheme 2 
-	LP-WUS to replace DCP, i.e. LP-WUS to trigger the start of the drx_onDurationTimer.
-	LP-WUS to replace DCP outside DRX active time, and LP-WUS to trigger the resumption of MR PDCCH monitoring during DRX active time (including drx_onDurationTimer and drx-inactivityTimer). (evaluated by [8A-1])
-	Note: LP-WUS scheme 2 can only be used with C-DRX configuration.


Observation 7: The benefits for option 1-3 is not evaluated in SI.

Combinations
Option 1-2-1 has combined with option 1-1. Option 1-2-2 also can be combined with option 1-1. 
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Figure 8. Interpretation 2 of option 1-2-2 combined with option 1-1
For Interpretation 1 of option 1-2-2, both PSG and latency reduction can be achieved. There is no need to combine with option 1-1. For Interpretation 2 of option 1-2-2, to minimize the spec impacts, it could be possible to combine with option 1-1. In this case, it is similar as option 1-2-1 combined with option 1-1.
Observation 8: For Interpretation 2 of option 1-2-2, it could be combined with option 1-1, but similar as option 1-2-1 combined with option 1-1.
For option 1-3, it can be combined with option 1-1, and/or option 1-2, but the additional benefits require more clarification and evaluation.
Schemes comparison
From our perspective, the main targets for LP-WUS in connected mode are the PSG and latency. Additionally, NW overhead, spec impacts and some other potential aspects also should be taken into consideration. 
As analysis above, the following four schemes have both the PSG and latency benefits and should be further studied further.
· Alt1: Option 1-1 with adjustable starting time for the drx-onDurationTimer
· Alt2: Option 1-2-1 combined with option 1-1
· Alt3: Interpretation 1 of option 1-2-2, i.e., PDCCH monitoring could be triggered by new timers or drx-onDurationTimer with adjustable starting time.
· Alt4: Interpretation 2 of option 1-2-2, i.e., PDCCH monitoring is only triggered by new timers and legacy drx-onDurationTimer are not activated.
The main difference between Alt2 and Alt3 is whether the starting time for drx-onDurationTimer could be adjusted, which is shown in the following figure. 
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Figure 9. Difference between Alt2 and Alt3
As a consequence, Alt3 has more flexibility to trigger PDCCH monitoring, and has more latency reduction or power saving gain. In the figure, the gNB expect the UE report some measurements results during the legacy active time and has the traffic to schedule before the legacy active time. Based on Alt3, the UE can adjust the starting time for drx-onDurationTimer, and perform the measurement results report and receive the traffic during the adjusted-legacy active time or adjusted C-DRX active time. Based on Alt2, if the traffic is scheduled based on new active time and the measurement results report is based on legacy active time, then the PSG would be less. Or if the traffic is scheduled during legacy active time together with the measurement results report, the latency reduction is larger compared to Alt2. Also, the corresponding cost is additional spec efforts for adjusting.
Observation 9: Between Alt2 andAlt3, Alt3 has more PSG or latency reduction, but cost with additional spec impacts.
For Alt4, seems C-DRX configuration is useless and the corresponding UE behavior during legacy active time is not performed. All the necessary UE behaviors in legacy active time should be specified in new active time. In this case, the configuration for LP-WUS is the most flexible since it is not related to the C-DRX configuration.
Observation 10: Among alt1~alt4, alt4 has the most significant spec impacts since the legacy C-DRX active time is not performed.
Proposal 5: Further study the following alternatives for PSG and latency reduction
· Alt1: Option 1-1 with adjustable starting time for the drx-onDurationTimer
· Alt2: Option 1-2-1 combined with option 1-1
· Alt3: Interpretation 1 of option 1-2-2, i.e., PDCCH monitoring could be triggered by new timers or drx-onDurationTimer with adjustable starting time.
· Alt4: Interpretation 2 of option 1-2-2, i.e., PDCCH monitoring is only triggered by new timers and legacy drx-onDurationTimer are not activated.

LP-WUS content
Maximum payload size
According to the TR conclusion, OOK based LP-WUS can carry information up to 24bit. 
	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.


Moreover, according to our simulation results, by using 16 OFDM symbols, the LP-WUS coverage (MIL=139) at 700MHz rural scenario would be better than msg3 (MIL=135). Therefore, 24bits should be the upper limit.

Observation 11: Based on the TR, 24bits as maximum payload size is feasible.

If only 8 bits can be carried by LP-WUS, C-RNTI would be infeasible to be carried. The largest number of targeted UEs in connected mode would be no more than 256 based on UE specific wake-up, which would quite limit the usage of LP-WUS. Based on group specific LP-WUS, wherein the LP-WUS is used to wake-up one group of UEs, the false wake-up for other UEs would cause unnecessary power consumption. Moreover, if a NR UE with high paging rate or frequency traffic is grouped with another IoT device, this would be unfair to the IoT device and the unnecessary power consumption would be caused due to more frequency wake-up for NR UE.

Observation 12: In connected mode, group specific LP-WUS still cause unnecessary power consumption for other UEs, which brings fairness issue due to the different traffic model and UE’s requirement.

If LP-WUS carries less payload information bits, the spectrum efficiency would be impacted. For example, at least CRC bits could be saved if more UEs’ wake-up could be carried in one LP-WUS. Given the situation that OOK waveform already degrade the spectrum efficiency compared with OFDM, it is preferred that the spectrum efficiency could be high as much as possible. 

Observation 13: LP-WUS carrying more information bits could help improve spectrum efficiency.

Therefore, more information bits should be carried via LP-WUS as much as possible. 
Proposal 6: The maximum number of LP-WUS information bits is configurable 
· up to 24bits.
· Support UE specific wake-up with high priority
Payload structure
According to latest agreement, there some initial discussion on potential payload structure in connected mode.
	Agreement
Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g, by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g. whether above is applicable to one or more serving cells)


For option1, it is more appropriate for LP-WUS to support more subgroups wake-up at the same time. It is a case of option5 when the higher configuration indicates that each block only comprises 1 bit.
For option 2, the LP-WUS only carries one UE identity, which means one LP-WUS only used for one UE’s wake-up. This would be too restricted. For example, in the NW, in a case there are only 256 UEs using LP-WUS in connected mode and LP-WUS can carry 16bits, why the gNB should always send the LP-WUS with at least 16bits for C-RNTI? To save more overhead, 8bits length identity could be configured to the UE and each LP-WUS could indicate two identities. Moreover, option 2 actually is a case of option5, when LP-WUS only include one bit block and each value, i.e., codepoint is corresponding one UE. 
For option3, it is also a case of option5, when LP-WUS only include one bit block and each value, i.e., codepoint is corresponding one UE or more UEs. 
For option4, it is also a case of option5, when one bit block corresponds to one code point. An illustration is shown as follows
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Figure 10. Option4 as a case of option5
Moreover, for option5, each bit block can comprise more information bits for SCell dormancy/wake-up.
If a bit block corresponds to code point, without considering bitmap for SCell dormancy/wake-up case, option 4 is the same with option5.
Observation 14: Option 1, option2, option3 and option4 could be included in option5 as a special case.
· Option5 is more appropriate to be expanded for SCell wake-up support
For option1, a bitmap with each bit corresponding to [one or more] UEs. In this case, the LP-WUS has to indicate wake-up or not and the indication are reserved for the UE in LP-WUS, even there is no wake-up for some UEs. In this case, it is more appropriate for LP-WUS to support multiple UEs’ wake-up at the same time. Additionally, one LP-WUS can only support 24UEs if maximum payload size is 24bits. This would require different UEs should have different monitoring occasions considering more UEs in the cell.
For option2, A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI. If LP-WUS only corresponds to C-RNTI, that means one LP-WUS can only wake-up one UE, which would be too restricted for the NW and may cause resource wasting if there is only few UEs in the NW to support LP-WUS. If LP-WUS carries part of the UE identify, this LP-WUS may indicate wake-up for a group of UEs, which would bring the fairness and power consumption issues for different UEs. Therefore, for option2, it is better to be supported with a configurable UE identify for UE specific wake-up. 
For option3, A codepoint value corresponding to [one or more] UEs. In this case, the UE identify or group ID corresponding to a codepoint value is configurable to one or more UEs. However, it cannot support multiple codepoints for multiple UE/group specific wake-up.
For option4, Multiple codepoint values with each corresponding to [one or more] UE(s), it can support multiple codepoints for multiple UE/group specific wake-up. However, it is not appropriate for SCell wake-up/dormancy. Option 1, option 2 and option 3 have the same issue.
Observation 15: Option 5 has maximum flexibility and robustness.
Proposal 7: Based on the framework of option5, further discuss whether LP-WUS target
· One or more UEs in one LP-WUS
· [One or more subgroups in one LP-WUS]
· SCell wake-up/dormancy
Coexistence with other functions
CA support
According to the WID and TR, 5G NR devices is also an important use case. Considering SCell dormancy is also supported in NR. It is nature to consider that the LP-WUS could work with CA to save more power.  
Proposal 8: LP-WUS supports CA in connected mode.
If C-DRX is configured and the LP-WUS is used to trigger the C-DRX active time, then it could be similar as DCI format 2-6, wake-up indication by LP-WUS could be applied for all the cells, since the C-DRX is configured per Mac entity. If LP-WUS could be also applied to trigger other active time, it could be further discussed whether it should be applied for all the cells. 
If C-DRX active time is not activated based on interpretation 2 of option 1-2-2, it is more flexible for all the cells that the LP-WUS could be used to trigger each SCell independently, as shown in the following figure.
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Figure 11.  LP-WUS to trigger SCell wake-up for PDCCH monitoring
Proposal 9: For CA support, discuss whether LP-WUS is appliedfor all serving cells or for a group of SCells for triggering PDCCH monitoring.
Considering SCell dormancy is supported in DCI format 2-6, it would be natural to consider whether LP-WUS also should support similar function. 
	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].


However, currently, according to the WID, the LP-WUS is only used for triggering PDCCH monitoring, and it does not mean it should indicate ‘not monitor PDCCH’. Moreover, if LP-WUS can be used to trigger any SCell(group) wake-up for PDCCH monitoring, it actually realizes this function in some sense. Moreover, in legacy, SCell dormancy function is associated with BWP switching. Meanwhile, WUR does not need to operate in the same BWP as the MR, and the WUR does not care the SCell is monitoring in which BWP. Therefore, LP-WUS just activate the PDCCH monitoring for the current or active BWP of the SCell, which can simplify the discussion. 
Proposal 10: Deprioritize LP-WUS used for SCell dormancy and prioritize LP-WUS used for SCell wake-up for PDCCH monitoring.
Group specific DCP
· Coexistence with DCP 
When group based DCP and LP-WUS can be configured at the same time and these two functions are not related, the UE shall monitor both LP-WUS and DCP, the UE shall response according to the indication via LP-WUS and DCP. Several cases should be discussed.
LP-WUS (target group1) and DCP (target group2) target partially overlapped UEs, we need to discuss 
· Case 1: UEs corresponding to intersection of group1 and group2 shall wake up to start DRX
· Case 2: All the UEs in group1 and group2 shall wake up to start DRX
· Case 3: LP-WUS is prioritized and UEs in group1 shall wake up to start DRX
· Case 4: DCP is prioritized and UEs in group2 shall wake up to start DRX
When DCP and LP-WUS can be configured at the same time and LP-WUS indicate the UE to monitor DCP or not. In this case, the LP-WUS shall additionally monitor DCP. There is no strong motivation foreseen to additionally monitor the DCP. Instead, the power consumption for monitoring the DCP may be wasted.
According to the TR, actually LP-WUS can be used to replace the DCP and the power saving gain is also evaluated. Therefore, for simplicity, we would suggest the gNB does not need to configure both functions at the same time.
[bookmark: OLE_LINK51]Proposal 11: LP-WUS and group specific DCP does not need to be configured at the same time.
PDCCH skipping
[image: ]
[bookmark: OLE_LINK49]Figure 12. Example for LP-WUS coexistence with PDCCH skipping
If LP-WUS is monitored outside the C-DRX active time, then PDCCH skipping feature could coexist with LP-WUS. If the LP-WUS is monitored during the PDCCH skipping duration, more interaction design and UE behavior should be studied, which is actually not necessary as stated in clause 3.1. 
Observation 16: If LP-WUS is monitored outside active time, no spec impact is foreseen for PDCCH skipping and LP-WUS coexistence.
SSSG switching
Since LP-WUS can reduce the PDCCH monitoring to the utmost, i.e., UE only needs to monitor PDCCH when data arrives and the PDCCH monitoring can be terminated by PDCCH skipping via scheduling DCI there is no much power saving gain by using LP-WUS to indicate SSSG switching instead of existing DCI.
[image: ]
Figure 13. Example for LP-WUS indicating SSS switching
Observation 17: No much power saving is observed if LP-WUS is used for SSS switching and no issue is observed when LP-WUS coexist with SSSG switching. 
Time gap after LP-WUS wake-up
In last meeting, the minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced. The minimum time gap could be considered based on LP-WUS processing time, MR transition time for ramp up, Time/frequency synchronization of MR. 
For LP-WUS processing time, it would be challenging to define a exact value. Refer to the payload size and the simple implementation of WUR, the processing time should be quite short. As for the MR transition time for ramp up, it depends on the latency requirement and the power consuming. If the UE is not sensitive to the latency and sensitive to power consumption, the UE can go to the deep sleep or light sleep. In this case, the transition latency could be 20ms or 6ms. If the UE is sensitive to the latency, the UE could go to the light sleep or macro sleep, in this sense, the transition latency could be 6ms or 0ms. Last, Time/frequency synchronization of MR actually can be reflected in the transition time. Moreover, if the UE lose the synchronization, the UE can correct it by detecting the DMRS of PDCCH. Therefore, we do not think the Time/frequency synchronization would occupies an obvious part of the minimum time gap.
Considering the latency and power consumption requirement, the minimum time gap could be different based on different requirements. Therefore, for a UE, multiple minimum time gaps could be considered. Moreover, if the gNB does not know the minimum time gap, it would be risky to transmit the PDCCH, since the UE may miss it due to the insufficient time gap. Therefore, this value should be known by the gNB. More specifically, the UE can report the minimum value based on the UE capability and report the preferred minimum time gap for gNB reference.
Proposal 12: One minimum time gap can be reported based on the UE capability 
· One preferred minimum time gap from a set of values could be reported based on UE assistance information
Based on the minimum time gap, the gNB would configure LP-WUS with an appropriate offset to ensure that the time gap between LP-WUS and MR PDCCH monitoring is enough.
[bookmark: OLE_LINK1][bookmark: OLE_LINK15]Conclusions 
In this contribution, we have discussed issues on LP-WUS operation in CONNECTED mode. We make the following observations and proposals:
Observations 
Observation 1: Monitoring DCI for LP-WUS activation, compared with RRC activation, causes more power consumption.
Observation 2: Only adjusting the starting time for the C-DRX timers does not change the definition of C-DRX active time.
Observation 3: For option 1-1, PSG can be achieved in connected mode
· No latency reduction if the startoffset for duration-on timer is not adjusted.
· Latency reduction if the startoffset for duration-on timer could be adjusted.
· In one C-DRX cycle, the drx-onDurationTimer configured by DRX-config only could be triggered once.
Observation 4: For option 1-2-1, both PSG and latency reduction could be achieved if combined with option 1-1.
Observation 5: For Interpretation 1 of option 1-2-2, both PSG and latency reduction can be achieved and no need to combine with option 1-1.
Observation 6: For Interpretation 2 of option 1-2-2, both latency reduction and PSG can be achieved, legacy behaviors in legacy C-DRX active time are not performed anymore.
Observation 7: The benefits for option 1-3 is not evaluated in SI.
Observation 8: For Interpretation 2 of option 1-2-2, it could be combined with option 1-1, but similar as option 1-2-1 combined with option 1-1.
Observation 9: Between Alt2 andAlt3, Alt3 has more PSG or latency reduction, but cost with additional spec impacts.
Observation 10: Among alt1~alt4, alt4 has the most significant spec impacts since the legacy C-DRX active time is not performed.
Observation 11: Based on the TR, 24bits as maximum payload size is feasible.

Observation 12: In connected mode, group specific LP-WUS still cause unnecessary power consumption for other UEs, which brings fairness issue due to the different traffic model and UE’s requirement.

Observation 13: LP-WUS carrying more information bits could help improve spectrum efficiency.
Observation 14: Option 1, option2, option3 and option4 could be included in option5 as a special case.
· Option5 is more appropriate to be expanded for SCell wake-up support
Observation 15: Option 5 has maximum flexibility and robustness.
Observation 16: If LP-WUS is monitored outside active time, no spec impact is foreseen for PDCCH skipping and LP-WUS coexistence.
Observation 17: No much power saving is observed if LP-WUS is used for SSS switching and no issue is observed when LP-WUS coexist with SSSG switching. 
Proposals
Proposal 1: RRC activation/deactivation is the baseline
· DCI deactivation and fallback mechanism based on that UE does not received LP-WUS for a long time can be considered.
· The motivation for L2 activation/deactivation should be further clarified if L1 deactivation is introduced.
· Option 4 is not considered for activation/deactivation of LP-WUS monitoring.
Proposal 2: For LP-WUS monitoring in CONNECTED mode, UE power consumption reduction and maintaining latency performance should be ensured compared to the existing power saving mechanisms.
Proposal 3: For option 1-1, further clarify the starting time of the drx-onDurationTimer may be adjusted to achieve latency reduction
· Note: the drx-onDurationTimer only could be triggered once in one C-DRX cycle.
Proposal 4: For option 1-2-2, clarify the following interpretations are included
· Interpretation 1: PDCCH monitoring could be triggered by new timers or drx-onDurationTimer with adjusting the starting time.
· Interpretation 2: PDCCH monitoring is triggered by new timers and legacy drx-onDurationTimer are not activated.
Proposal 5: Further study the following alternatives for PSG and latency reduction
· Alt1: Option 1-1 with adjustable starting time for the drx-onDurationTimer
· Alt2: Option 1-2-1 combined with option 1-1
· Alt3: Interpretation 1 of option 1-2-2, i.e., PDCCH monitoring could be triggered by new timers or drx-onDurationTimer with adjustable starting time.
· Alt4: Interpretation 2 of option 1-2-2, i.e., PDCCH monitoring is only triggered by new timers and legacy drx-onDurationTimer are not activated.
Proposal 6: The maximum number of LP-WUS information bits is configurable 
· up to 24bits.
· Support UE specific wake-up with high priority
Proposal 7: Based on the framework of option5, further discuss whether LP-WUS target
· One or more UEs in one LP-WUS
· [One or more subgroups in one LP-WUS]
· SCell wake-up/dormancy
Proposal 8: LP-WUS supports CA in connected mode.
Proposal 9: For CA support, discuss whether LP-WUS is applied for all serving cells or for a group of SCells for triggering PDCCH monitoring.
Proposal 10: Deprioritize LP-WUS used for SCell dormancy and prioritize LP-WUS used for SCell wake-up for PDCCH monitoring.
Proposal 11: LP-WUS and group specific DCP does not need to be configured at the same time.
Proposal 12: One minimum time gap can be reported based on the UE capability 
· One preferred minimum time gap from a set of values could be reported based on UE assistance information
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