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Introduction
In the last meeting, the LP-WUS operation in RRC CONNECTED mode was discussed. And, the key issue of how to triggering PDCCH monitoring is updated on top of the options made before as in red text:
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
· [bookmark: _Hlk166170317]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
Essentially, the case 2 is not supported to reduce the workload of different WGs. Potential functionality under the case 2 could be realized by updated sub options of Option1. However, the configuration of DRX will be the pre-condition of using LP-WUS in the connected mode. In this contribution we have further discussion on the topic.
[bookmark: _Hlk166165459][bookmark: _Hlk158112146]Wake-up signal and payload for CONNECTED mode
[bookmark: _Hlk158111963]In the work item, the wake-up signal is mainly designed for the IDLE/INACTIVE modes. In that case, we consider kind of medium payload such as 8 bits or 16 bits indication. The exact payload can be determined after the evaluation in the LP-WUS agenda
We still assume the unified LP-WUS signal for different RRC modes. OOK wake-up information and overlaid sequences can independently wake up main receiver operation. The overlaid sequences can serve that functionality as advanced wake-up receivers can work in CONNECTED mode. The coding schemes can also be same.
Regarding the payload content, we consider the bitmap scheme would be used for all IDLE/INACTIVE/ CONNECTED modes. The indication occasion and a bit field can be configured to one UE. And one UE or more UEs can be assigned to same bit field, depending on configuration. The indicated bit will associate the next PDCCH monitoring duration for MR to detect.


Figure 1. LP-WUS Waveform by OOK overlaid with sequences.
There was initial conclusion in the LP-WUS signal agenda in the RAN1#116bis meeting, which also included other options:
	 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 UE identity scheme, multiple bits have to be used for one UE. The bits can only indicate one UE monitoring. Single LP-WUS already occupy signification resources. It would be quite low in spectrum efficiency for those schemes. Thus, Bitmap with single bits per UE would be preferred.
Proposal 1: All RRC modes are sharing the same WUS signal in coding, payload and modulation. 
A UE is assigned with single bit in the LP-WUS for indication of a duration of PDCCH monitoring in CONNECTED mode.
Wake-up mechanisms
We had options updated in the last meeting.
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 mainly reused the DCP procedure and replace the PDCCH-based WUS with the newly introduced low-power WUS.


Figure 2. Indication DRX ON by LP-WUS
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.
If the Active Time configured long enough, the option can perform power saving PDCCH monitoring triggering most of the time. After DRX ON, the legacy mechanism is used to maintain measurement. Then less standard impact is achieved. 


Figure 3. PDCCH triggered by LP-WUS at least before legacy active time

During the DRX ON, sub-options formed by whether the PDCCH monitoring activated. For the Option 1-2-2, maximum power saving reached as the PDCCH still triggered by LP-WUS after the DRX ON. 
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.
This option has different behavior. It moves LP-WUS triggered PDCCH monitoring into legacy C-DRX active time. The DRX on timer should not enable PDCCH monitoring anymore. In this option, the DRX on timer can be set in a larger value to maximize power saving.
Comparing among the options, Option 1 has minimal effort to be introduced. The power saving gain comes from the less power consumption in detection of LP-WUS instead of PDCCH based wake-up signal. However, the power saving is smaller due to the less frequent wake-up monitoring occasion. The DRX triggering scheme also has higher latency than other options. Option 1-2-2 would save more power and the complexity is still reasonable. Option 1-3 can achieve similar gain.
Proposal 2: RAN1 support the option 1-2-2 LP-WUS wake-up in CONNECTED mode.
Interworking with legacy power saving schemes.
The LP-WUS should be interworking with legacy power saving schemes in CONNECTED mode, which are PDCCH-based WUS (DCP, Format 2_6), Cross-slot scheduling & PDCCH Skipping. The DCP should be able to indicate wake-up with LP-WUS. Thus, rules should be discussed on how duplicated indications applied, especially if the DRX-based indication is adopted for LP-WUS. 
When multi-carrier operation enabled, the LP-WUS indication applied to multiple carriers. It may indicate multiple carriers wake-up for those activated carriers. In the Scell dormancy scheme, DCI format 2_6 can indicate the Scell dormancy. For LP-WUS, the payload is expected to be much smaller that format 2_6. Those additional indication should not be introduced.
[bookmark: _Hlk158289947]Proposal 3: The LP-WUS should be interworking with legacy power saving schemes in CONNECTED mode. Only wake-up bits are carried by LP-WUS, e.g., no Scell dormancy indication.
Activation and deactivation for the LP-WUS in RRC CONNECTED mode
Even without multiplexing cell ID in LP-WUS signal, we consider that wake-up signal is assumed to be associate with cell. In CONNECTED mode, UE can be triggered by the LP-WUS in the cell individually. That will be enabled or disabled by RRC signaling as we agreed. The further activation/deactivation is due to LP-WUS may not be detected in the cell edge. This is similar as for idle/inactive mode: Under the same network topology, LP-WUS coverage more likely to be smaller than normal NR signals. 
Since we have agreed that the gNB should know if UE is monitoring LP-WUS or not, the activation/deactivation should be delivered without ambiguity. 
There are 4 options under consideration: 
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.
[bookmark: _Hlk158295737]The options with signaling seems will have problem with reliability, for deactivation. L1 and L2 deactivation for LP-WUS may not be able to be monitored if the UE cannot even waken up by LP-WUS. Thus, the timer-based condition could be the pre-condition. When the UE monitoring PDCCH based on LP-WUS indication for a time duration, it can fall back to direct PDCCH monitoring without LP-WUS monitoring.
For the other implicit indication/condition, it could be also needed. However, we should clarify what the conditions are. For UL transition, it could mean SR indication. Those should be further clarified.
Proposal 4: For the LP-WUS activation and deactivation by pre-configured condition(s), timer-based monitoring of LP-WUS is the baseline.
It was also discussed in the earlier meeting that when the UE had a positive indication by LP-WUS, the UE should be only turn-off LR when the MR switched on. And when the MR monitoring is over, the LR should be back. However, that is more related to how the LR and MR is implemented and how the power consumption is during different phases. We consider this behavior may not be specified. The activation/deactivation only means the PDCCH monitoring is based on LP-WUS indication or directly performed.
Proposal 5: The LP-WUS LR and MR switching behavior is not specified in the operation for LP-WUS RRC CONNECTED mode. 
Measurement /UE assistant information
[bookmark: _Hlk158296554]In the CONNECTED mode, MR measurements are available. That can also serve the purpose for determining the LP-WUS monitoring. The LP-SS already configure for IDLE/INACTIVE modes. It is possible to be utilized for the measurement, which is more suitable for determining LP-WUS monitoring. 
UE assistant information has also been discussed before. And the UE assistant information can help the gNB configure the activation/deactivation. 
The UE measurement is actually one of the information can assistant the purpose. We can consider to introduce LP-SS measurement in CONNECTED mode and the reporting to gNB. The measurement is more relevant to LP-WUS readability.
Proposal 6: RAN1 can assume that MR measurements are one of the UE assistant information for the LP-WUS activation and deactivation. 
RAN1 discuss the introduction LP-SS measurement in CONNECTED mode as another UE assistant information. 
Processing timeline between LP-WUS and PDCCH
In the earlier discussion, this issue is mainly discussed for which UE sleeping mode is assumed for the MR when the UE do the LP-WUS detection. Ultra-deep sleep state is not considered for LP-WUS/WUR in RRC_CONNECTED state as a 400 ms transition time is not useful for CONNECTED mode. For other sleep states, they can still be considered.
[bookmark: _Hlk166268075]For our view, the scales of the transition time can be finally be taken into account by possible offsets of LP-WUS and PDCCH.
Proposal 7: RAN1 configuration of possible offsets of LP-WUS and PDCCH will take in to account the applicable ramping up time, e.g. for deep sleep, light sleep and micro sleep.

Conclusion
In this contribution, we had discussed and analyzed lower power WUS in RRC CONNECTED mode. We basically consider unified signal for different RRC modes and the procedure should be based on that unified design.
Regarding the LP-WUS design and procedure issues for RRC CONNECTED mode, we have following proposals:
Proposal 1: All RRC modes are sharing the same WUS signal in coding, payload and modulation. 
A UE is assigned with single bit in the LP-WUS for indication of a duration of PDCCH monitoring in CONNECTED mode.
Proposal 2: RAN1 support the option 1-2-2 LP-WUS wake-up in CONNECTED mode.
Proposal 3: The LP-WUS should be interworking with legacy power saving schemes in CONNECTED mode. Only wake-up bits are carried by LP-WUS, e.g., no Scell dormancy indication.
Proposal 4: For the LP-WUS activation and deactivation by pre-configured condition(s), timer-based monitoring of LP-WUS is the baseline.
Proposal 5: The LP-WUS LR and MR switching behavior is not specified in the operation for LP-WUS RRC CONNECTED mode. 
Proposal 6: RAN1 can assume that MR measurements are one of the UE assistant information for the LP-WUS activation and deactivation. 
RAN1 discuss the introduction LP-SS measurement in CONNECTED mode as another UE assistant information. 
Proposal 7: RAN1 configuration of possible offsets of LP-WUS and PDCCH will take in to account the applicable ramping up time, e.g. for deep sleep, light sleep and micro sleep.
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