


3GPP TSG-RAN WG2 Meeting #121-bis electronic					    	R2-2302828
April 17th - 26th, 2023
[bookmark: Source]Agenda item:		7.22.2
Source: 			ZTE Corporation, Sanechips
Title: 	Paging mechanism with LP-WUS
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
[bookmark: _Hlk67479244]In RAN#97, a study on low-power Wake-up Signal and Receiver for NR has been agreed in SID [1]. And the objective about LP-WUS is the following:
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 


[bookmark: _GoBack]In this paper, we will follow the RAN1 progress, and identify RAN2 impacts for paging mechanism.
2. [bookmark: _Toc12718547]Discussion
In legacy procedure, UE monitors one PEI occasion per DRX cycle in IDLE/INACTIVE mode. PEI could indicate the available POs and subgroups of a paging occasion. Based on PEI, UE could determine whether to monitor the coming PO for paging. 
If introducing LP-WUS, UE has to be waked up from the utra-deep sleep mode by LP-WUS in IDLE/INACTIVE mode at first. In RAN1#112 meeting, an agreement about ramp-up time has been reached as below:
	Agreement
For evaluation, at least for FR1 MR ultra-deep sleep state, (Ramp-up and down transition energy, ramp-up time) is as follows,
· Alt 1: (15000, 400ms)
· Alt 2: ([40000], [800ms])
Company to report which alternative they use for which use cases.


As above, it can be seen that the ramp-up time could reach several hundred milliseconds. In other words, it takes UE several hundred milliseconds to wake up from the ultra-deep sleep mode. When gNB receives a paging message from core network, gNB transmits LP-WUS to wake up UE and then transmits paging message in UE’s PO. In general, the access latency caused by LP-WUS is larger than legacy procedure. 
Observation 1: The access latency caused by the ramp-up time of LP-WUS is larger than legacy procedure.
Moreover, the access latency also is determined by the following procedure after UE wakes up. And RAN1 is studying the following procedure. According to summary [2] in RAN1#112 meeting, the possible solution could be summarized as below:
	Low-FL1-Proposal-13: Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· perform PO monitoring, and afterwards follow legacy procedures
· perform PEI monitoring, and afterwards follow legacy procedures
· transmit PRACH for initial access, and follow legacy procedures
· receive SI update after waking up, and follow legacy procedures


In order to clarify those procedure clearly, the following procedures could be illustrated in Fig.1.
[image: ]
Fig.1
For option 1, its access latency is largest, but its possibility of the false wake up is relatively low. If UE detects LP-WUS, UE will wake up, obtain synchronization, monitor PEI, and determine whether to monitor the coming its PO based on PEI. The procedure of monitoring PEI increases the access latency, but decreases the false wake up. However, UE may miss its PEI in the nearest DRX cycle after UE wakes up, illustrated in Fig.1. In this case, UE has to monitor the PEI in the next DRX cycle. Hence, in the worst case, the access latency of option 1 may be extended by more than a ramp up time.
For option 2, its access latency is medium, but its possibility of the false wake up is relatively high. If UE detects LP-WUS, UE will wake up, obtain synchronization, and monitor the coming its PO. The absent procedure of monitoring PEI decreases the access latency. However, UE may miss its PO in the nearest DRX cycle after UE wakes up, illustrated in Fig.1. In this case, UE has to monitor the PO in the next DRX cycle. Hence, in the worst case, the access latency of option 2 may be extended by more than a ramp up time. In addition, in order to decrease the possibility of the false wake up, LP-WUS is required to carry some information to indicate a condition that UEs in a specific PO or group need to wake up. In this way, UE that matches with the condition will wake up, obtain synchronization and monitor its own PO. But the information carried in LP-WUS increases the complexity of design of LP-WUS. 
As above, the paging mechanism with LP-WUS could takes into account three key factors: access latency, false wake up and the complexity of design of LP-WUS. And the design of LP-WUS is mainly within the scope of RAN1. From RAN2 side, the extended access latency by LP-WUS is more severe than legacy paging mechanism. And the extended access latency will increase the access failure. Therefore, RAN2 could consider how to decrease the access latency in a paging mechanism with LP-WUS.
Proposal 1: RAN2 needs to consider how to decrease the access latency in a paging mechanism with LP-WUS.
[bookmark: OLE_LINK2]For option 3, its latency is shortest, but it requires LP-WUS to wake up a specific UE. In general, the UE specific LP-WUS is allocated by gNB in connected mode. And UE monitors its LP-WUS during Ultra-deep sleep mode. If UE detects its LP-WUS, UE will wake up and initiate a RACH directly. The absent procedure of monitoring PEI and PO decreases the access latency. However, in idle/inactive mode, UE could move out of the serving cell, UE specific LP-WUS that allocated in serving cell may became invalid. Therefore, RAN2 could consider how to support UE specific LP-WUS in idle/inactive mode. 
Proposal 2: RAN2 needs to consider how to support UE specific LP-WUS in idle/inactive mode.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given:
Observation 1: The access latency caused by the ramp-up time of LP-WUS is larger than legacy procedure.
Proposal 1: RAN2 needs to consider how to decrease the access latency in a paging mechanism with LP-WUS.
Proposal 2: RAN2 needs to consider how to support UE specific LP-WUS in idle/inactive mode.
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