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1. Introduction 
At the RAN#102 meeting, new WID on Rel-19 LP-WUS/WUR was approved [1]. The work item includes objectives related to LP-WUS operation in CONNECTED mode as follows:
· 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.

In this contribution, we provide our views on LP-WUS operation in CONNECTED mode.

2. Discussion 
2.1. LP-WUS monitoring
2.1.1. LP-WUS monitoring procedure
For LP-WUS monitoring procedure, the following agreement was made at the last 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 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


We believe the main target scenario of Rel-19 LP-WUS/WUR is RRC_IDLE/INACTIVE modes due to larger power saving gain according to TR 38.869. Given that TU of Rel-19 LP-WUS/WUR WI is limited, Rel-19 should spend much time for RRC_IDLE/INACTIVE modes. LP-WUS monitoring procedure to be adopted for RRC CONNECTED mode should be fit into the remaining TU.
Option 1-1 as shown in Figure 1 is a straightforward solution. In case LP-WUS is considered to replace legacy DCP feature, a lot of Rel-16 DCP framework can be reused (e.g., PDCCH monitoring, RRM measurements) and we do not need to consider coexistence of LP-WUS and legacy signals (i.e., the current specifications support coexistence of DCP and other signals). In addition, LP-WUR to MR fallback mechanism needs to be discussed. On the other hand, if the enhancements focus only on the replacement of DCP feature, the power saving gain may be smaller than other options. 
Since option 1-2-1 may cause more UE power consumption compared to legacy C-DRX cycle, it needs to be configured with option 1-1 as shown in Figure 2. In that case, option 1-2-2 can provide same function. Thus, option 1-2-1 should not be supported.
In option 1-2-2 as shown in Figure 3, since PDCCH monitoring is not restricted to on-duration, the latency performance may be improved compared to option 1-1 and option 1-3. RRM measurement in legacy C-DRX may be reused, however, the detail procedure of PDCCH monitoring in legacy C-DRX cannot be reused. Thus, new mechanisms related to PDCCH monitoring need to be discussed.
Option 1-3 as shown in Figure 4 would be beneficial for XR use case which traffic jitter may occur during C-DRX active time. We understand XR is one important use case of LP-WUS, but Rel-19 would be better to focus on the solutions applicable to various use cases. In order to extend applicable use case, it may be better to merge option 1-2-2 and option 1-3. There would be no additional specification impacts by the merge. We think that the merged option 1-2-2 + 1-3 would be beneficial for not only XR use case but also various use cases.
Based on the above discussion, Rel-19 LP-WUS in RRC_CONNECTED mode should focus on key enhancement such as option 1-1 and merged option 1-2-2 + 1-3. At this stage, the required specification impacts of option 1-1 and merged option 1-2-2 + 1-3 are unclear since it depends on the detail framework. Thus, we should further study the details of these options.
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Figure 1: Example of option 1-1
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Figure 2: Example of option 1-2-1 configured together with option 1-1
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Figure 3: Example of option 1-2-2
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Figure 4: Example of option 1-3

Proposal 1: The following options can be merged as a unified solution:
· 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.
Proposal 2: Further study the following options in Rel-19
· 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
· Merged Option 1-2-2 + 1-3
· Option 1-2-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· 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.

2.1.2. Time gap between LP-WUS and PDCCH
For time gap between LP-WUS and PDCCH, the following agreement was made at the previous meeting.
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.

Regarding minimum time gap value between LP-WUS reception and PDCCH monitoring, possible UE behaviour would depend on supported LP-WUS monitoring procedure. Hence, RAN1 should discuss which LP-WUS monitoring procedure(s) is(are) supported prior to handle discussion on candidate minimum time gap value.
In the current specifications, legacy UEs which support DCP feature can report the capability such as MinTimeGap-r16 to optimize scheduler. We think it is the best if any UE supports short minimum time gap value, but it may be difficult for all UEs to implement such a short gap, especially for IoT devices, from device cost perspective. Thus, it may be better to allow LP-WUS UEs to report supported minimum time gap values similar to DCP case.
For LP-WUS monitoring, two monitoring types can be considered. One is continuous monitoring type, which provides PDCCH monitoring triggered by LP-WUS with low latency. The other is duty-cycled monitoring type, which saves more UE power consumption than continuous monitoring type. Both monitoring types were studied in Rel-18 SI phase, and then RAN concluded that Rel-19 NR supports at least duty-cycled LP-WUS monitoring. It was captured in WID objectives [1]. If role of LP-WUS is to replace DCP feature (i.e., NR supports only option 1-1 in section 2.1.1), duty-cycled LP-WUS monitoring would be enough in Rel-19. In contrast, if LP-WUS does not focus on replacement of DCP feature, whether continuous LP-WUS monitoring is necessary or not can be discussed.
Proposal 3: Prior to discuss candidate time gap values between LP-WUS reception and PDCCH monitoring, we need to discuss procedures to trigger PDCCH monitoring (e.g., Rel-19 supports which LP-WUS procedure option(s) in the previous agreement)
Proposal 4: Support UE capability reporting of minimum time gap between LP-WUS reception and PDCCH monitoring, MinTimeGap-r16 as starting point considering followings:
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR

2.1.3. Beam property of LP-WUS
There are several LP-WUS indication approaches, e.g., unicast and groupcast. In these approaches, one LP-WUS may triggers one or more UEs for PDCCH monitoring. Then two types of beam properties of LP-WUS transmission can be considered. 
· Option A: Multiple beam transmissions of LP-WUS
· Option B: Single beam transmission of LP-WUS
For option A, the LP-WUS can be repeated with different beams. It may be applicable for option 2 of section 2.2 that one LP-WUS carries the triggering information of multiple UEs. The transmit beams of option A are associated with the UEs that the LP-WUS triggers.  
For option B, the LP-WUS is transmitted once with a single beam. It may be applicable for option 1 of section 2.2 that one LP-WUS carries the triggering information of one UE. The UE-specific beam can be applied for LP-WUS transmission. It can also be applicable for option 2 of section 2.2. In option 2, although one LP-WUS carries the triggering information of multiple UEs, it is still feasible that LP-WUS is only transmitted with one beam. The beam of LP-WUS can be pre-configured or determined by the beam property of previous or later control or data channel.  
Proposal 5: Study the beam property of LP-WUS of followings:
· Option A: Multiple beam transmissions of LP-WUS
· Option B: Single beam transmission of LP-WUS

2.2. Payload design of LP-WUS
Agreement (RAN1#116)
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 (RAN1#116bis, AI 9.6.1)
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)


LP-WUS for CONNECTED mode UE can enable the main radio of the UE to sleep with longer duration and achieve larger power saving gain for the UE. Once the main radio of the UE is in sleep mode, the LP-WUR of the UE should monitor the LP-WUS which can trigger the main radio of the UE for PDCCH monitoring. Then how to design the payload of the LP-WUS is one important issue.  
In the previous RAN1 meetings, two agreements related to payload design were made. One agreement is maximum LP-WUS payload size. It is agreed that the maximum number of LP-WUS information bits is up to 8 or 16 bits. The other agreement shows several LP-WUS indication candidates in CONNECTED mode.
For option 1, there are two approaches. One approach is that a UE is configured with one field, e.g., bit size is 1 of one field, within the payload carried by LP-WUS. If the number of CONNECTED mode UE is small, e.g., less than 8 UEs and the payload of LP-WUS is 8 bits, UEs can be associated different field within the payload of LP-WUS. It works like unicast, i.e., one field or one-bit triggers one UE. If the number of CONNECED mode UE is large, e.g., larger than 8 UEs and the payload of LP-WUS is 8 bits, some of the UEs would be associated with same field within the payload of LP-WUS. Then it works like groupcast, i.e., one field or one-bit triggers multiple UEs. For this approach, multiple UEs or UE groups can be triggered by one LP-WUS. The indication overhead of LP-WUS is small. But for the case of one field triggers multiple UEs, all the UEs are triggered even some of them has no PDCCH. The power saving gain is relatively small in the scenario. The other approach is that one LP-WUS triggers one subgroup including multiple UEs. When the different LP-WUS are associated with different subgroups, more UEs can be triggered individually. But, in order to trigger individually large number of UEs, gNB has to consider longer time gap between LP-WUS reception and PDCCH monitoring period. If the subgroups share a common LP-WUS monitoring period, it may impact on latency performance. On the other hand, unique LP-WUS monitoring period for each subgroup can mitigate latency performance impact.
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Figure 5: Option 1 of LP-WUS payload design (approach 1)
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Figure 6: Option 1 of LP-WUS payload design (approach 2)
For option 2/3, one LP-WUS can trigger one or more UEs. If one LP-WUS triggers one UE, the maximum UE power saving gain can be achieved as the only UE, which will monitor the PDCCH, is triggered. But the indication overhead of LP-WUS is large if multiple UEs’ PDCCH are transmitted in the same slot. Since multiple LP-WUS should be transmitted to trigger multiple UEs between the LP-WUS and associated PDCCH in this case, then many resources are needed for transmission of multiple LP-WUS. On the other hand, if one LP-WUS triggers to more UEs corresponding to a subgroup, the indication overhead would be smaller than the case of one LP-WUS triggering one UE. But one LP-WUS cannot trigger more UEs corresponding to multiple subgroups. In that case, multiple LP-WUS need to be transmitted.
For option 4/5, one LP-WUS can trigger more UEs corresponding to multiple subgroups. Thus, the indication overhead of LP-WUS may be small similar to option 1. In addition, we think option 4 and option 5 can be merged into one option.
Legacy DCP supports subgroup-based indication which payload is up to 140 bits, but the payload of LP-WUS is 8 or 16 bits as the above agreement. In case LP-WUS targets to replace legacy DCP, Rel-19 should cover as many LP-WUS UEs as possible. Thus, option 1 and merged option 4/5 should be further studied.
Proposal 6: To cover as many LP-WUS UEs as possible, study the following options:
· Option 1: A bitmap with each bit 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)
Proposal 7: The following two options can be merged into one option:
· 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)

2.3. Activation/deactivation of LP-WUS monitoring
Considering Rel-18 SI discussion, LP-WUS would be assumed to be monitored at not MR but LP-WUR. Since LP-WUS and LP-WUR are new signal and receiver, we need to discuss and specify how to activate/deactivate LP-WUS monitoring at LP-WUR. At this stage, there are various schemes to activate/deactivate LP-WUS monitoring and the following agreement was made at the previous meeting.
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 this contribution, we discuss activate/deactivate scheme of LP-WUS monitoring for possible LP-WUS procedure options (i.e., option 1-1 and merged option 1-2-2/1-3 in section 2.1.1).
One of the remaining issues is whether additional activation/deactivation scheme(s) is(are) necessary or not. In case option 1-1 targets to replace legacy DCP, the UE shall monitor LP-WUS after every on-duration irrespective of wake-up indication similar to legacy WUS monitoring behaviour of DCP. For deactivation, gNB can know the UE’s received signal quality via existing measurement report and re-configure to disable LP-WUS monitoring via RRC signalling based on the reported measurement results. Based on the above discussion, additional activation/deactivation scheme is not necessary for LP-WUS targeting to replace legacy DCP. For merged option 1-2-2/1-3, whether additional activation/deactivation scheme(s) is(are) necessary depends on when the UE operates measurement and reports the results. Since the UE behaviour has not yet been discussed, we need to discuss the detail procedure of merged option 1-2-2/1-3.
In case Rel-19 supports activation/deactivation of LP-WUS monitoring via RRC signalling only, LP-WUS monitoring state of a UE is known to gNB. Thus, no other mechanism to indicate monitoring state from the UE is not necessary. For option 1-1, gNB can activate/deactivate LP-WUS monitoring based on the measurement results which are reported from the UE during on-duration. We think that the current mechanisms are enough to share LP-WUS monitoring state between UE and gNB, and that additional UE assistance is not necessary. For merged option 1-2-2/1-3, whether additional signalling is necessary depends on activation/deactivation scheme. Prior to handle this issue, we need to discuss the detail procedure of merged option 1-2-2/1-3.
Proposal 8: Prior to discuss additional indication/condition for activation/deactivation of LP-WUS monitoring, we need to discuss procedures to trigger PDCCH monitoring

2.4. Coexistence of LP-WUS and legacy UE power saving features
For LP-WUS coexisting with legacy power saving features, the following proposal was made at the last meeting.
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 features
· Rel-16 DCP
· Rel-17 PDCCH skipping
· Rel-17 SSSG switching
· Rel-18 cell DTX



In the current specifications, existing power saving features such as DCP, PDCCH skipping, SSSG switching and cell DTX coexist with each feature. For option 1-1 in section 2.1.1, if LP-WUS is assumed to replace legacy DCP feature only, it’s not necessary to consider any additional enhancement of coexistence of LP-WUS and existing power saving features. For merged option 1-2-2/1-3, when a UE operates LP-WUS monitoring, the UE does not monitor legacy WUS and can wake up irrespective of legacy on-duration. Hence, we think discussion on coexistence with DCP is not necessary. In contrast, whether coexistence with PDCCH skipping/SSSG switching/cell DTX should be discussed or not depends on design of merged option 1-2-2/1-3. Prior to handle this issue, we need to discuss the detail procedure of merged option 1-2-2/1-3.
Proposal 9: Prior to discuss coexistence with existing power saving features, we need to discuss procedures to trigger PDCCH monitoring

3. Conclusion
In this contribution, LP-WUS operation in CONNECTED mode was discussed. Based on the discussion, the following proposals were made:
Proposal 1: The following options can be merged as a unified solution:
· 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.
Proposal 2: Further study the following options in Rel-19
· 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
· Merged Option 1-2-2 + 1-3
· Option 1-2-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· 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.
Proposal 3: Prior to discuss candidate time gap values between LP-WUS reception and PDCCH monitoring, we need to discuss procedures to trigger PDCCH monitoring (e.g., Rel-19 supports which LP-WUS procedure option(s) in the previous agreement)
Proposal 4: Support UE capability reporting of minimum time gap between LP-WUS reception and PDCCH monitoring, MinTimeGap-r16 as starting point considering followings:
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
Proposal 5: Study the beam property of LP-WUS of followings:
· Option A: Multiple beam transmissions of LP-WUS
· Option B: Single beam transmission of LP-WUS
Proposal 6: To cover as many LP-WUS UEs as possible, study the following options:
· Option 1: A bitmap with each bit 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)
Proposal 7: The following two options can be merged into one option:
· 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)
Proposal 8: Prior to discuss additional indication/condition for activation/deactivation of LP-WUS monitoring, we need to discuss procedures to trigger PDCCH monitoring
Proposal 9: Prior to discuss coexistence with existing power saving features, we need to discuss procedures to trigger PDCCH monitoring
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