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1 Introduction

In Rel-18, the new SID in RP-222644 on low-power Wake-up Signal and Receiver for NR includes following objectives.

	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. 



In this contribution, we provide our initial views on some high-level operation for LP-WUR UEs.  
2 Discussion
So far in NR, 3GPP has specified PEI signal for paging reception enhancement in IDLE/INACTIVE state and WUS signal for PDCCH monitoring in CONNECTED state for UE’s power saving purpose. The new Rel-18 SI on LP-WUS/WUR aims to providing further power saving gains on top of what we have in legacy. In RAN1#110bis-e, it has been agreed that both RRC IDLE/INACTIVE and CONNECTED modes UEs will be included for study, as shown below.
	Agreement

Both RRC IDLE/INACTIVE and CONNECTED modes are to be studied as part of the LP-WUS/WUR SI. 

· FFS: Further prioritization if needed during the study item.


It would be good to also confirm in RAN2 that we intend to cover both RRC IDLE/INACTIVE and CONNECTED modes UEs in the study.
Proposal 1 RAN2 will cover both RRC IDLE/INACTIVE mode and CONNECTED mode UEs in the LP-WUS/WUR SI.
As studied by RAN1, the most important advantage/gain by introducing a separate LP-WUS receiver is to enable “ultra-deep sleep” power state for main radio of UEs, which is not possible for existing UEs that are equipped with only the main radio. In “ultra-deep sleep” mode, it consumes less UE power than in “deep sleep” mode. However, this large power saving gain is at the cost of extra-long wake-up time or ramp-up time for main radio, which could be around 400ms or 800ms according to RAN1’s current evaluation in RAN1#112.
	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.


This ramp-up time for main radio is important for gNB to know as gNB needs to predict when the main radio of UEs can be ready for correct reception of subsequent NR signals (e.g. paging message or PDCCH). In our understanding, main radio’s ramp-up time may vary from UE to UE, which means that RAN2 may need to introduce the signalling procedure for UE to report the ramp-up time to the network.
Proposal 2 Network should be aware of UE’s main radio’s ramp-up time, e.g. via UE reporting.
When it comes to different RRC states, UE’s main radio’s ramp-up time might be different. For example, in RRC IDLE/INACTIVE state, main radio can be in “ultra-deep sleep” mode and longer ramp-up time would just lead to larger paging latency. However, in CONNECTED state, in case of a bit stricter scheduling latency requirement, UE’s main radio might not preferably be in the “ultra-deep sleep” mode as a compromise to UE’s power saving. In that case, ramp-up time for CONNECTED state may be shorter than that for IDLE/INACTIVE state. That is, UE may need to report different main radio’s ramp-up time for different RRC states.
Proposal 3 RAN2 further discuss whether main radio’s ramp-up time of UEs is always the same or can be different for different RRC states.
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1 RAN2 will cover both RRC IDLE/INACTIVE mode and CONNECTED mode UEs in the LP-WUS/WUR SI.
Proposal 2 Network should be aware of UE’s main radio’s ramp-up time, e.g. via UE reporting.
Proposal 3 RAN2 further discuss whether main radio’s ramp-up time of UEs is always the same or can be different for different RRC states.

2/2


