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1. [bookmark: _Toc120549591]Introduction
In last RAN1 meeting, the following agreements are achieved about LP-WUS operation in RRC_CONNECTED mode [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 this contribution, we will further discuss the detailed solutions.
2. Discussion
2.1 LP-WUS procedure
Some candidate LP-WUS procedures are agreed in last RAN1 meeting which are illustrated in Figure 1:


Figure 1. LP-WUS procedures
All four options are useful for different use cases. The Option 1-1 has the same function as DCP which has the minimum specification impacts. Other options can reduce more unnecessary PDCCH monitoring power consumption compared with Option 1-1. Option 1-2 can be used for service without fixed periodicity, e.g., FTP service to allow data transmission outside DRX active time. Option 1-3 is more suitable for XR service, which the service is periodic, but there is jitter for each packet, and LP-WUS can be used to jitter handling in this case. For Case 2, it is more suitable to be used in latency sensitive scenario which the latency will not be impacted by DRX cycle. In addition, we also think the Option 1-2 and Option 1-3 can be combined as the following to both reduce the unnecessary PDCCH monitoring power consumption during the DXR active time and allow data transmission outside DRX time to reduce the data transmission latency. 


Figure 2. Combination of Option 1-2 and Option 1-3

Although the Case 1 and Case 2 are used in with and without DRX configuration scenarios separately, it is feasible to stive a common physical layer LP-WUS design. For example, the LP-WUS monitoring occasion configuration can reuse search space configuration. As the physical layer function, the LP-WUS is used to indicated MR to wake up monitoring PDCCH for a time duration and the duration value can be pre-defined by a timer or indicated by LP-WUS. Furthermore, the interaction between LP-WUS monitoring and DRX configuration can be decided by RAN2. For example, UE restarts drx-InactivityTimer if LP-WUS is detected. Besides, gNB can also configure the UE behaviour among Option 1-2, Option 1-3 or the combination of Option 1-2 and 1-3, e.g., whether UE can monitor LP-WUS outside the DRX active time.
In a summary, we think LP-WUS can be used both with and without DRX configuration and the physical layer design can be common in different use cases.
Proposal 1. From RAN1’s perspective, strive for a common design to combine Option 1-2, Option 1-3 and Case 2.
Proposal 2. If more than one LP-WUS procedures are supported, gNB can configure which procedure is used.
Proposal 3. The time duration of PDCCH monitoring triggered by LP-WUS can be pre-defined or indicated by LP-WUS.
Another issue is the coexistence with legacy power saving functions. As the discussion of LP-WUS functions, if we support LP-WUS can indicate UE starts PDCCH monitoring at any time within DRX active time, i.e., Option 1-1, it is unnecessary to configure Rel-16 DCP at the same time. Because compared with Rel-16 DCP which can only indicate UE monitoring PDCCH in the whole drx-onDurationTimer time, LP-WUS can achieve a finer PDCCH monitoring occasion indication in DRX active time. 
For PDCCH skipping/SSSG switching, we think it can be combined with LP-WUS. For example, PDCCH skipping can be used as the indication of stop of PDCCH monitoring as in Figure 3. That is if WUR detects the LP-WUS, MR starts to monitor PDCCH until receives the PDCCH skipping indication.


Figure 3. LP-WUS coexistence with PDCCH skipping
Proposal 4. LP-WUS procedure Option 1-1 (i.e., replace DCP) and Rel-16 DCP can not be configured or activated to one UE simultaneously.
Proposal 5. LP-WUS procedure Option 1-2/Option 1-3/Case 2 and Rel-17 PDCCH skipping/SSSG switching can be configured or activated to one UE simultaneously.
2.2 enable/disable LP-WUS monitoring
In last RAN1 meeting, gNB RRC signalling based LP-WUS enable/disable is agreed and whether additional options on top of it is for further study. Considering the motivation of using LP-WUS in CONNECTED mode is to reduce the PDCCH monitoring power consumption while guarantee the latency performance, it is not necessary to adapt the on/off of LP-WUS monitoring frequently based on fast L1/L2 enable/disable signalling. Besides, UE assistance information can be introduced to assist gNB to enable/disable the LP-WUS monitoring. For example, when a UE is in lower battery status, UE can report to gNB that it prefers to activate the LP-WUS monitoring function.
It is also agreed that the LP-WUS monitoring by UE is known to gNB to guarantee the same understanding of PDCCH monitoring behaviour. If no additional L1/L2 enable/disable signalling is supported, gNB can know UE whether or not receives the RRC configuration signalling based on the HARQ-ACK feedback of the PDSCH carrying the RRC signalling and it is not necessary to specify additional UE-to-gNB feedback signalling.
Proposal 6. Support no additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring. 
Proposal 7. UE assistance information can be supported to report gNB that UE prefers the enable/disable of LP-WUS monitoring.
Proposal 8. It is not necessary to introduce explicit indication from UE to indicate gNB the LP-WUS monitoring. 
2.3 LP-WUS design
As the discussion in section 2.1, the RRC_CONNECTED mode LP-WUS can be used to indicate the PDCCH monitoring regardless DRX configuration, then how to indicate the UE-specific wake up information in LP-WUS should be discussed and the options are as the following: 
· Option 1: one-to-one mapping between UE and LP-WUS
· Option 1a: the LP-WUS is sequence based which indicates 1 bit wake up or not information, the LP-WUS resource allocation between different UEs are TDM/FDM
· Option 1b: the LP-WUS is payload based carrying UE_ID information
· Option 2: one-to-N mapping between UE and LP-WUS
· Option 2a: the LP-WUS is payload based using bitmap to indicate each UEs’ wake up or not information

Option 1a is one-to-one mapping between 1 bit wake up indication LP-WUS and UE, which the resource of different LP-WUS associated different UEs are orthogonal. That is UE only needs to detect whether the LP-WUS is transmitted or not in the UE-specific LP-WUS monitoring occasion. The signalling overhead is small in this option, but will cause resource fragmentation if gNB not waking up all UEs in the same time.
Option 1b is also one-to-one mapping, but the UE-specific information, e.g., UE_ID is carried in the LP-WUS payload. In this option, the resource overhead is larger than Option 1a since both payload and CRC should be transmitted.
Option 2 is one-to-N mapping, which one LP-WUS is associated with multiple UEs and the bitmap in the LP-WUS payload is to indicated each UE whether to wake up or not. This option can reduce resource overhead than Option 1b. In addition, the resource allocation for LP-WUS associated with different UE groups can also be TDMed or FDMed.
From the above analysis, we think Option 1a and Option 2 are preferred to be considered for the RRC_CONNECTED mode LP-WUS design.
Proposal 9. The following options can be considered for LP-WUS design in RRC_CONNECTED mode:
· Option 1: the LP-WUS is sequence based which indicating 1 bit wake up or not information for a specific UE;
· Option 2: the LP-WUS is payload based which using bitmap to indicate each UEs’ wake up or not information.
Proposal 10. The resource allocation of LP-WUS associated with different UE or UE group can be TDMed or FDMed.
3. Conclusions
In this contribution, we discussed the LP-WUS operation in RRC_CONNECTED mode, and the following proposal are made.
Proposal 1. From RAN1’s perspective, strive for a common design to combine Option 1-2, Option 1-3 and Case 2.
Proposal 2. If more than one LP-WUS procedures are supported, gNB can configure which procedure is used.
Proposal 3. The time duration of PDCCH monitoring triggered by LP-WUS can be pre-defined or indicated by LP-WUS.
Proposal 4. LP-WUS procedure Option 1-1 (i.e., replace DCP) and Rel-16 DCP can not be configured or activated to one UE simultaneously.
Proposal 5. LP-WUS procedure Option 1-2/Option 1-3/Case 2 and Rel-17 PDCCH skipping/SSSG switching can be configured or activated to one UE simultaneously.
Proposal 6. Support no additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring. 
Proposal 7. UE assistance information can be supported to report gNB that UE prefers the enable/disable of LP-WUS monitoring.
Proposal 8. It is not necessary to introduce explicit indication from UE to indicate gNB the LP-WUS monitoring. 
Proposal 9. The following options can be considered for LP-WUS design in RRC_CONNECTED mode:
· Option 1: the LP-WUS is sequence based which indicating 1 bit wake up or not information for a specific UE;
· Option 2: the LP-WUS is payload based which using bitmap to indicate each UEs’ wake up or not information.
Proposal 10. The resource allocation of LP-WUS associated with different UE or UE group can be TDMed or FDMed.
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