[bookmark: DocumentFor]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #117			R1-2404511
Fukuoka, Japan,  20 – 24 May 2024
Agenda Item	: 	9.6.3
Source 	:	Sony 
Title 	:	LP-WUS operation in CONNECTED mode
Document for 	:	Discussion and decision
1 Introduction

A work item (WI) on low-power wake-up signal and receiver (LP-WUS/WUR) was approved in RANP 102 [1]. The WI is based on the study item (SI) outcome and the SI is reported in [2]. The objective related to LP-WUS operation in CONNECTED mode is as follows:
	· [bookmark: _Hlk127365044]To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR



In RAN1#116, the following agreements were made [3].
	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.


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]

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

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, only a few agreements were made [4]:
	
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




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

2 Discussion 
The legacy UE operating in RRC connected mode and configured with C-DRX should keep the main receiver (MR) fully operated to monitor PDCCH in C-DRX active time. However, there are some occasions when there is nothing scheduled for the UE. Consequently, the UE uses unnecessary power consumption by monitoring PDCCH when the gNB does not transmit anything on the PDCCH. There have been some enhancements proposed in previous NR releases to reduce UE power consumption. These techniques are Rel-16 DCP on the usage of DCI with CRC scrambled by PS-RNTI and Rel-17 PDCCH monitoring adaptation. However, both techniques are based on PDCCH-based signalling. PDCCH decoding is known as a power-hungry and high computation operation as it involved blind detection process. LP-WUS can be used as an alternative  of DCP so that the UE power consumption can be improved. LP-WUS can trigger the PDCCH monitoring. This issue was also discussed in RAN1#116. Several options were identified. Our preference is option 1-1 that the LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer. The operation of option 1-1 is illustrated in Figure 1.
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Figure 1: Illustration of Option 1-1 [2]

[bookmark: _Toc166248782]Proposal 1: Support LP-WUS monitoring to trigger the starting of the drx-onDurationTimer (known as Option 1-1).
Apart from the DCP, another technique introduced in LTE-MTC and NB-IoT is on the usage of wake-up signal (WUS) so that the PDCCH decoding for paging channel can be avoided in case the UE is not being paged. The WUS in both MTC and NB-IoT is sequence-based WUS. We consider a similar approach can be applied for NR. In our companion technical contribution [5], we described the design of LP-WUS design for NR. One main consideration aspect that is described in the WID is to specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes. Based on our analysis described in [4], the sequence-based LP-WUS operation should also be applicable for the UE operating in RRC connected mode. Another alternative being discussed in RAN1#116b is to use encoded bits. The usage of encoded bits require the receiver to operate with the main receiver to perform various baseband processing, including channel decoding. This is not our preferred solution as it require high power consumption. Thus, reducing the UE power saving gain.
[bookmark: _Toc166248783]Proposal 2: Support sequence-based LP-WUS operation in RRC CONNECTED mode.
During study item phase, various traffic models when the UE is in RRC connected mode were evaluated. The traffic models were XR application, FTP application, and IM application. These applications have different behavior and characteristics, where XR application is one of the examples. The received XR traffic to the UE may experience jitter so that the actual received transmission can be delayed or advanced within certain window (e.g, +/- 4 ms). In this case, the gNB can indicate the UE that after reception of LP-WUS the UE shall advancing/delaying the PDCCH monitoring operation. In this example, the gNB indicates the subsequent action from the UE upon the reception of LP-WUS. Furthermore, when the UE performs the above applications, the UE is expected in performing unicast transmission/reception with the gNB. Subsequently, the LP-WUS transmission in RRC connected mode is a unicast transmission between the gNB and the target UE. 
[bookmark: _Toc166248784]Proposal 3: LP-WUS transmission in RRC Connected mode indicates the target UE and the subsequent action from the UE upon the reception of LP-WUS.
The information on the target UE and the subsequent action from the UE (upon the reception of LP-WUS) is carried by the transmission of LP-WUS. We consider the overall equivalent information bits can be associated to the property of the LP-WUS itself and the number of time/frequency resources of that LP-WUS. In RAN1#116, it was discussed the maximum number of LP-WUS information bits. We consider this as the information bits associated to the property of the LP-WUS. The LP-WUS reception for high number of information bits may increase UE power consumption. As we propose sequence-based LP-WUS, we consider maximum of 8 bits for the LP-WUS information bits is sufficient. Note that the total-length of the sequence-based LP-WUS is not affected by the size of the information bits. The total-length of the sequence based LP-WUS may vary, such as with a long transmission in order to obtain high processing gain at the receiver. The total information bits can be more than 8 bits by considering the time/frequency resources to carry LP-WUS. Hence, a gNB can have more flexibility for the LP-WUS operation. For example, if more UEs are required then more LP-WUS resources can be configured.
[bookmark: _Toc166248785]Proposal 4: The maximum number of LP-WUS information bits for RRC connected mode is up to 8 bits 
The LP-WUS resource is allocated prior to the PDCCH resource to be monitored by the UE. In case there are multiple UEs  going to monitor the same timing of PDCCH resource, the LP-WUS resource allocation prior to the PDCCH resource can be multiplexed, such as in time and/or frequency. From the UE point of view, the UE is expected to monitor a given LP-WUS resource. The UE is not expected to monitor multiple LP-WUS resources as it will increase the UE power consumption.
[bookmark: _Toc166248786]Proposal 5: The UE operating in RRC connected mode and configured to receive LP-WUS is expected to monitor a given LP-WUS resource.
During study item phase, two modes of LP-WUS operation were discussed. It includes duty-cycled monitoring and continuous monitoring mode for LP-WUS. The pros and cons of each mode were also summarized in Section 7.3.2.2 in [2]. We consider both can be applied for different applications. The UE is expected to support various applications / traffic types in RRC connected mode. Some applications may be beneficial by using one of the monitoring modes. Furthermore, the monitoring mode can be expressed as a UE capability. The LP-WUS monitoring mode can an optional UE feature.
[bookmark: _Toc166248787]Proposal 6: Support both duty-cycled monitoring mode and continuous monitoring mode for LP-WUS in RRC-connected.
It was agreed in RAN1#116 that the PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB via RRC signaling [3]. Furthermore, this was further discussed where there is a need to have a similar mechanism but faster than RRC signalling, which is known as LP-WUS activating/deactivating. We consider the LP-WUS enabling/disabling via RRC signalling is sufficient. If LP-WUS activating/deactivating is required then it shall be shown the case / scenario when it will be used. The pros and cons should also be described.
[bookmark: _Toc166248788]Proposal 7: Enabling/Disabling of LP-WUS monitoring by RRC signalling is sufficient. No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring (known as Option 1).

3 Conclusion
This document has considered the LP-WUS operation in RRC CONNECTED mode. We made the following proposals:
Proposal 1: Support LP-WUS monitoring to trigger the starting of the drx-onDurationTimer (known as Option 1-1).
Proposal 2: Support sequence-based LP-WUS operation in RRC CONNECTED mode.
Proposal 3: LP-WUS transmission in RRC Connected mode indicates the target UE and the subsequent action from the UE upon the reception of LP-WUS.
Proposal 4: The maximum number of LP-WUS information bits for RRC connected mode is up to 8 bits
Proposal 5: The UE operating in RRC connected mode and configured to receive LP-WUS is expected to monitor a given LP-WUS resource.
Proposal 6: Support both duty-cycled monitoring mode and continuous monitoring mode for LP-WUS in RRC-connected.
Proposal 7: Enabling/Disabling of LP-WUS monitoring by RRC signalling is sufficient. No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring (known as Option 1).
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