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1	Introduction
This contribution is aiming to address some aspects related to the L1 signal design and procedure for LP-WUS for the “Study on low-power wake-up signal and receiver for NR” Work Item approved in [1].
This contribution presents our views as an operator, and it is based on parts of the discussion held in previous meetings. 
2	Discussion
For this meeting we would like to discuss the following aspect in the ongoing work on the LP-WUS signal design:
· Unbalanced coverage between LP-WUR and MR
Based on the discussion in [2], depending on how the LP-WUS is designed, there is a possibility of a coverage unbalance between the LP-WUR and the MR. With insufficient coverage of LP-WUS, the LP-WUR ought to have significant performance degradation as it is not able to detect the LP-WUS signal indicating that the MR should be activated to perform any further operations. This in turn can leave the UE in a state where it does not wake up for large periods of time as it was not triggered by the LP-WUR to do so, only resuming operation when there is no coverage level issues at LP-WUR.
Observation 1: It is assumed that when the main receiver is in the Ultra Deep Sleep mode, it does not listen to any signals, only when it is waked up by the WUS signal.
One can also see already in the preliminary results that there is indeed a coverage unbalance between the LP-WUR and the MR in the contributions in [3].
Observation 2: Coverage unbalance between LP-WUR and MR is already observed in the simulations provided by the companies in the previous meeting.
To overcome this possible issue the following agreement was reached in RAN1#112-bis-e:
	Agreement
Study techniques/mechanisms to enhance coverage performance of LP-WUS
· Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
· At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.



As proponent of the fallback mechanisms during the meeting, we would like to share our views on why such enhancement is essential in the LP-WUR framework.
We mentioned during the meeting that we are not opposed to any technique or mechanism that enhances the coverage performance of LP-WUS, however we have the understanding that such mechanism do not come for free, having consequences either on the network or the UE side. A list of different techniques was discussed but ultimately not agreed regarding coverage enhancements techniques, with the final suggested proposal (prior to being removed) containing:
· reducing payload size of LP-WUS
· power boosting
· time domain solutions: repetition in time, interleaving in time
· frequency domain solutions: wider bandwidth, repetition in frequency, frequency-hopping
· channel coding
· FFS: code domain solutions: CDM between LP-WUSs
· FFS: increased number of receive antennas
· FFS: improved synchronization
· [other techniques are not precluded]
The potential coverage gain of these techniques is not be ignored, however it comes at the cost of potential extra overhead and increased network resources usage which then leads also to extra network energy consumption. At the same time, these solutions can also increase the overall complexity of the LP-WUR which can then deem the battery saving gains irrelevant. Moreover, it is not clarified to which extent these techniques, either as standalone or in combination, would solve the insufficient coverage problem.
Observation 3: Techniques/mechanisms to enhance LP-WUS coverage comes at the cost of increased network overhead, resources utilization, and energy consumption. On the UE side it can increase the complexity of the LP-WUR which can diminish battery saving gains benefits. 
On the other hand, a fallback mechanism where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, is a natural solution for the scenarios where the coverage performance of the MR exceeds the LP-WUR one. Such mechanism would assure that the addition of the LP-WUR onto a mobile device is robust for live deployments, without the risk of overdesigning the LP-WUR/LP-WUS.
Observation 4: Fallback mechanisms are a natural solution to tackle the issue of insufficient coverage of the LP-WUS, assuring the robustness of the LP-WUR operation in live deployments without overdesigning LP-WUR/LP-WUS.
We thus propose a framework for the fallback mechanism to be considered within the LP-WUS procedure. When the LP-WUR does not insufficient coverage, one can assume that it can operate normally, meaning that the MR can be kept in a Ultra Deep Sleep State, and it can be triggered by the LP-WUR to wake up and execute any further operations e.g monitor PEI, monitor Paging occasion, etc. If insufficient coverage is observed by LP-WUR, a certain threshold/(s) should be known by the MR in order be able to fallback to the legacy operation. This threshold can be configured by the network and can refer to multiple types of information e.g timer, number of repetitions, etc.
Proposal 1: Threshold/(s) for the fallback mechanism can be configured to the MR by the network. Details of the configuration can be up to RAN2.
Based on the information of the threshold/(s) for the fallback mechanism, the MR can then fallback to the legacy operation, where it works independently of the LP-WUR, for a particular period of time. This period of time where the MR can operate in a legacy way can also be provided by the network and can be set by any time units or by a number of DRX cycles, before rolling back to the operation guided by the LP-WUR.
Proposal 2: The period of time where the MR can maintain legacy operation when the fallback mechanism is activated can be provided by the network. Details of the configuration can be up to RAN2.
Since the MR is able to maintain the legacy operation just for a period of time, after this period of time is reached, it can fallback to the operation with the LP-WUR and be kept in an Ultra Deep Sleep State as envisioned. If after this period of time no insufficient coverage is observed, then the normal operation with LP-WUR ensues; if it is still observed, then the fallback mechanism can be activated again until no coverage issue is observed. This provides a good tradeoff between robustness of the system and battery saving at the UE. A schematic view of the fallback mechanism framework can be seen in Figure 1 below.
Figure 1: Fallback Mechanism

















With this, we would like to propose that this fallback mechanism framework is agreed. Any additional clarification on the threshold(s) and the mechanisms for the MR to fallback can be further discussed after the framework is agreed.
Proposal 3: Agree on a fallback mechanism framework based on certain threshold/(s) and limit its operation for a period of time. Any further details can be discussed after fallback mechanism framework is agreed.
4	Conclusions
In this contribution, the following observations and proposals are made:
Observation 1: It is assumed that when the main receiver is in the Ultra Deep Sleep mode, it does not listen to any signals, only when it is waked up by the WUS signal.
Observation 2: Coverage unbalance between LP-WUR and MR is already observed in the simulations provided by the companies in the previous meeting.
Observation 3: Techniques/mechanisms to enhance LP-WUS coverage comes at the cost of increased network overhead, resources utilization, and energy consumption. On the UE side it can increase the complexity of the LP-WUR which can diminish battery saving gains benefits. 
Observation 4: Fallback mechanisms are a natural solution to tackle the issue of insufficient coverage of the LP-WUS, assuring the robustness of the LP-WUR operation in live deployments without overdesigning LP-WUR/LP-WUS.
Proposal 1: Threshold/(s) for the fallback mechanism can be configured to the MR by the network. Details of the configuration can be up to RAN2.
Proposal 2: The period of time where the MR can maintain legacy operation when the fallback mechanism is activated can be provided by the network. Details of the configuration can be up to RAN2
Proposal 3: Agree on a fallback mechanism framework based on certain threshold/(s) and limit its operation for a period of time. Any further details can be discussed after fallback mechanism framework is agreed.
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