3GPP TSG RAN WG1 Meeting # 110bis-e										R1-2208482
E-Meeting, Oct 10th – Oct 19th, 2022

Agenda Item:	9.13.3
Source:	TCL  
Title:	L1 signal design and procedure for low power WUS
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RANP#94-e meeting, a new study item (SI), “Study on low power wake up signal and receiver for NR” was approved [1], which specified the low power WUS design and its receiver architecture to enhance the energy efficiency of UEs as given in 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 and their coverage availability, as well as latency impact. 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. 



In this contribution we provide our views on the L1 signal design and procedure for low power WUS. 
Discussion   
Energy efficiency is one of the basic requirements of 5G system due to its support of diverse use cases including power sensitive devices such as IoT (industrial wireless sensors, controllers), wearables etc. The power consumption of these devices depends on the configured length of wake-up periods, e.g., paging cycle. To meet the battery life requirements, eDRX cycle with large value is expected to be used, resulting in high latency, which is not suitable for such services with requirements of both long battery life and low latency. Thus, the intention is to study ultra-low power mechanism that can support low latency in Rel-18, e.g. lower than eDRX latency. Currently, UEs need to periodically wake up once per DRX cycle, which dominates the power consumption in periods with no signaling or data traffic. If UEs are able to wake up only when they are triggered, e.g., paging, power consumption could be dramatically reduced. This can be achieved by using a wake-up signal to trigger the main radio and a separate receiver which has the ability to monitor wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it is turned on.
However, a same mechanism is used in Rel-17 (i.e. PEI) to trigger the receiver of a UE, in order to enhance the UE power saving in idle/inactive mode. PEI is transmitted before the paging occasion to wake up the UE receiver from deep sleep only, when the UE is triggered by the network to receive paging. In the same way, in idle/inactive state the Low power WUS can be used to trigger the main radio to receive the data or signaling from the network. Due to the transmission of low power WUS for paging of a UE, the main radio of UE may be triggered two times; one time by WUS and one time by PEI, resulting in consumption of more power as compared to the Rel-17 PEI based paging. According to this observation, there may not be a significant power saving for UE by using low power WUS and low power WUR in idle/inactive state. However, in connected state the power saving of UE by using WUS and WUR may be more significant. Thus RAN1 needs to clarify, whether the low power WUS is used only in connected state or in idle/inactive state. 

Observation 1: Using Low power WUS in idle/inactive state to trigger the main radio of UE reciever for paging, may wake up the main radio of the UE receiver two times; one time by PEI and one time by WUS. 
Observation 2: The power saving of using WUS in idle/inactive mode may not have a significant difference as compared to the power saving of Rel-17 PEI. 
Observation 3: The power saving of WUS may be more significant for a UE in connected state. 
Proposal 1: RAN1 to clarify whether the WUS can be used only in connected state or it can also be used in idle/inactive state. 
L1 Design of WUS signal   
[bookmark: _GoBack]The L1 design of WUS signal may be influenced by the always ON status of the low power WUR architecture. According to the baseline architecture of WUR as defined in IEEE [2], the always ON status of low power WUR to monitor a trigger from the network, make an intention that the low power WUR may always be synchronized with the network, which can be used for coherent detection without processing the SS burst. For this reason, PDCCH based design could be a possible L1 design for WUS signals. On the other hand, despite of the always ON status of the low power WUR, if the low power WUR still needs synchronization with the network, the sequence based signal design could be a possible option for the L1 design of WUS signals.  
Observation 4: The L1 design of WUS signals can be adopted according to the synchronization status of low power WUR with the network; 
· If the low power WUR is always synchronized with the network, PDCCH based LI design can be consider for WUS signals. 
· If the low power WUR requires synchronization with the network, sequence based L1 design can be consider for WUS signals. 
 
Proposal 2: The L1 procedure of WUS signals can be designed according to the synchronization status of low power WUR architecture with the network. 

Conclusion
In this contribution we discussed the motivation behind the low power WUS/WUR, the use of WUS in idle/inactive state, the L1 design of WUS signal, and made the following observations and proposals.
Observation 1: Using Low power WUS in idle/inactive state to trigger the main radio of UE reciever for paging, may wake up the main radio of the UE receiver two times; one time by PEI and one time by WUS. 
Observation 2: The power saving of using WUS in idle/inactive mode may not have a significant difference as compared to the power saving of Rel-17 PEI. 
Observation 3: The power saving of WUS may be more significant for a UE in connected state. 
Observation 4: The L1 design of WUS signals can be adopted according to the synchronization status of low power WUR with the network; 
· If the low power WUR is always synchronized with the network, PDCCH based LI design can be consider for WUS signals. 
· If the low power WUR requires synchronization with the network, sequence based L1 design can be consider for WUS signals. 

Proposal 1: RAN1 to clarify whether the WUS can be used only in connected state or it can also be used in idle/inactive state. 
Proposal 2: The L1 procedure of WUS signals can be designed according to the synchronization status of low power WUR architecture with the network. 
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