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1 Introduction

Low power wake up signal is proposed and agreed to be studied in R18, with the following SI 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 discuss some issues we identified on L1 signal design and procedure for low power WUS.  
2 Discussion
2.1 Application scenarios
According to previous initial discussions, LP WUS is used to wake up the main radio, and depends on what degree of sleeping mode of the main radio, the wake up delay can be diverse, from very quick as 0ms to very long as thousands of mini-seconds. And based on this understanding, we think LP WUS can be applied for both RRC idle/inactive and RRC connected state. For RRC idle/inactive state, UE’s main radio can be in a relatively deep sleep mode to save power since the loose latency requirement for RRC idle/inactive state. And for RRC connected state, UE’s main radio can be in a relatively light sleep mode to guarantee short wake up latency. The detailed application scenario can be seen in our companion document R1-2209270.
Proposal 1: LP WUS can be applied for both RRC idle/inactive and RRC connected state.

2.2 Synchronization between LP WUS radio and gNB
An important issue is whether the LP WUS radio should keep synchronization with gNB. If yes, gNB should provide periodical synchronization signals for LP WUS radio. The synchronization signal can be carried by LP WUS(which require the LP WUS being transmitted periodically), or by an extra synchronization signal, or, even to reuse PSS/SSS. On the other hand, the LP WUS radio should have the ability to detect the synchronization signal, and if the synchronization signal have different modulation method from LP WUS, the complexity of LP WUS radio would increase, and also the power consumption.
With synchronized LP WUS radio, the advantages are clear. UE grouping by LP WUS can be done by different time domain resource allocation, similar as the current PO/PF for paging grouping. Different UE group will corresponds to different LP WUS monitoring occasion, and UE’s LP WUS radio can monitor LP WUS by a periodical manner instead of always on manner, which means more power saving gain for LP WUS radio.
Another advantage is, normally, UE main radio needs 3~5 SSBs to get fine synchronization after UE power on. But if LP WUS radio is synchronized with gNB, LP WUS radio can ‘pass’ this synchronization state to main radio when the main radio is waken up. UE ‘s main radio may only need to listen to one SSB to get fine synchronization, which can largely reduce the time cost for main radio synchronization.
However, if LP WUS radio is not synchronized, then no periodical synchronization signals is needed thus reducing resource overhead, but LP WUS radio should monitor LP WUS by a always on manner since it has no timing information.
Proposal 2: Whether LP WUS radio should keep synchronization with gNB should be decided.
2.3 UE grouping
From our understanding, UE grouping is an essential feature for LP WUS to reduce false alarm. How to do UE grouping is also related to whether the LP WUS radio is in synchronization with gNB. If LP WUS radio is synchronized, there are two alternatives, Alt 1, Define/configure periodical LP WUS monitoring occasion for different UE group, similar as the time domain grouping by PF/PO. Alt 2, Encoding UE group ID, even UE ID in LP WUS. If synchronization is not maintained (we think this case is only for RRC idle/inactive state), Alt 1 is not applicable, and Alt 2 can be used.
Proposal 3: UE grouping function should be supported by LP WUS.
2.4 Coverage of LP WUS
LP WUS radio requires ultra low power consumption, and from our understanding, this would cause worse RF sensitivity than UE’s main radio. If we want the coverage of LP WUS is similar as SSB’s, Tx power for LP WUS will be higher than SSB’s and may cause interference to neighbour cells. Or, the LP WUS will be repeated lots of times and cause huge resource overhead. But the good point is all UE in the cell coverage can benefit from LP WUS mechanism and even LP WUS based mobility can be possible. With LP WUS based mobility, UE can do cell reselection by LP WUS radio without waking up the main radio when the UE is moving to another cell.

Proposal 4: The coverage requirement of LP WUS should be decided.
2.5 Paging enhancement
To save more power, it’s better to let UE’s main radio in a deep sleep mode for RRC idle state and use LP WUS to wake up UE’s main radio when paging message needs to ne transmitted. The warm up time for UE’s main radio in deep sleep can be as long as hundreds of millisecond. After main radio wake up, it will wait until its corresponding PO to monitor paging DCI. Since the paging cycle can be configured from 320ms~2560ms, it is possible the UE has to wait another several hundred millisecond to get the paging DCI. An example is shown by Fig.1.
To reduce the overall latency, paging mechanism can be enhanced. For the enhanced paging, periodical resources are allocated for the paging search space, but no PO/PF nor DRX cycle is defined. UE can directly monitor the nearest one or more PDCCH monitoring occasion from the paging search space after it is waken up by LP WUS. As shown in Fig.2. It can be seen that, with enhanced paging mechanism, the overall paging latency can be reduced.
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Fig.1  Case 1, LP WUS and legacy paging mechanism
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Fig.2   Case 2, LP WUS and enhanced paging mechanism
Proposal 5: Enhanced paging mechanism can be studied to reduce overall latency.
3 Conclusions

In this contribution, we propose the followings:
Proposal 1: LP WUS can be applied for both RRC idle/inactive and RRC connected state.

Proposal 2: Whether LP WUS radio should keep synchronization with gNB should be decided.
Proposal 3: UE grouping function should be supported by LP WUS.
Proposal 4: The coverage requirement of LP WUS should be decided.

Proposal 5: Enhanced paging mechanism can be studied to reduce overall latency.
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