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Introduction 
In this paper, we first discuss enhancements of using low-power wakeup signal (LP-WUS) for paging monitoring. We then discuss enhancements of using low-power receiver (LPR) to offload RRM measurements. 
Discussion
paging monitoring using LP-WUS
One of the justifying use cases of LPR is to enable low-power wakeup signaling (LP-WUS), i.e. gNB sends a signal that can be decoded by LPR at very low power to indicate UE should wake up its main radio (MR) from sleep mode. 
In RRC Idle/Inactive, one of the procedures that can benefit from such a wakeup signaling is paging monitoring. Indeed, in R17, PDCCH-based PEI was introduced for the same purpose. Therefore, as far as upper-layer design is concerned, we do not see major differences in the required functionalities between R17 PEI and LP-WUS when used for paging monitoring. To avoid reinventing the wheel and use the TUs allocated to the SI more efficiently, we think it is a more logical and practical approach to leverage the existing upper-layer procedures of R17 PEI and use it as a baseline for the study on LP-WUS when it is used for paging monitoring (including short messages).
Among the procedures, one key principle is that PEI is only used as an assistance information for legacy paging indication, i.e. PEI only tells UE whether to wake up to monitor paging or not. PEI does not replace paging message itself. There are good reasons behind this design. For example, it enables efficient use of paging channel, because it allows new UEs and legacy UEs to share a common paging channel. In addition, it provides good reliability for paging reception. If a UE fails to decode PEI, then it still has a chance to wake up and decode paging DCI. This ability is especially important for LP-WUS, which very likely is less reliable than PEI. Therefore, we believe the same principle should be applied to LP-WUS as well. 
Proposal 1. 	When used for paging monitoring, LP-WUS only indicates to UE whether to wake up and monitor its paging occasion. It does not contain paging message(s).  
Despite many similarities between the two signaling mechanisms, we observe that there are some differences that need to studied, due to the unique characteristics of LP-WUS. For example, in order to achieve ultra-low power consumption, LP-WUS likely is going to be based on a new waveform and receiver architecture that differ from conventional NR radios. However, its large power saving gains may come at the cost of reduced coverage or higher overhead. More specifically, to achieve low power, LPR may require a receiver architecture that has more relaxed sensitivity than conventional ones. This relaxation reduces the coverage and spectral efficiency of LP-WUS.
If the coverage of LP-WUS is indeed shorter than that of PDCCH, then a number of upper-layer issues need to be studied. For example, what should UE and network do when UE moves outside the coverage of LP-WUS but still within the coverage of PDCCH of its serving cell? Possible options may include:
· Have UE inform network when it is no longer able to receive LP-WUS. This option may be fine only if UE has low mobility; otherwise, it would be power expensive for UE especially if it keeps moving in and out of the coverage of LP-WUS. 
· Or network always send wakeup indication on both R17 PEI and LP-WUS. That would greatly simplify UE’s behavior but might be resource expensive for network.  
Although coverage and its related design is a RAN1 issue, it does have non-eligible impact on upper-layer protocols, as the example has shown. Hence, in our view, at least we RAN2 can study the issues from RAN2’s perspective and then provide our views as input to RAN1’s design.
Proposal 2.	From RAN2’s perspective, study whether it is desirable for LP-WUS to have the same coverage as PDCCH or not.
If LP-WUS does have the same coverage as PDCCH, the upper layer procedures can be relatively simple (e.g. same as R17 PEI). However, to achieve the same coverage, network may have to allocate more resources for LP-WUS (e.g. more repetition in its transmission). To avoid waste of resources, perhaps use of LP-WUS should be limited to those UEs that can achieve most power saving gains from using LP-WUS (such as those with very low paging probability or very sensitive to power) instead of any capable UEs.  
Proposal 3.	Study whether LP-WUS for paging indication can be used by any capable UEs or is limited to only those selected by network.
The discussions above have assumed that UE uses either LP-WUS or R17 PEI but not both, i.e. the use of these two signals are always exclusive to each other. If LP-WUS has the same coverage as PDCCH, we think it is also worth studying the option in which UE uses both types of WUS. For example, if the payload of LP-WUS is very limited in size and can’t provide enough number of paging subgroups (e.g. to avoid shortage in coverage or high resource overhead), then UE may suffer from high false paging alert. That would offset the power savings offered by LP-WUS. 
To avoid that, LP-WUS and R17 PEI can be used in tandem to minimize false paging alerts. More specifically, CN may configure UE with two subgroup IDs. One is associated with LP-WUS, and the other with R17 PEI. A LP-WUS subgroup is a superset of multiple R17 PEI subgroups. UE may first monitor LP-WUS, with its main radio in sleep mode. If UE receives a wakeup indication for its LP-WUS subgroup, it then monitors R17 PEI. It wakes up its main radio for paging reception if it receives a wakeup indication associated with its R17 PEI subgroup. In addition to the benefit of reduced false paging alerts, this approach also allows smart UE implementation to wake up main radio in two stages, which is more power efficient than having LPR wake up the main radio directly for paging reception. 
This idea is illustrated in Figure 1.


Figure 1. LP-WUS and R17 PEI are used in tandem to reduce false paging alerts.
Proposal 4.	Study the option in which UE uses LP-WUS and R17 PEI in tandem to minimalize false paging alerts, in case LP-WUS has limited or no support for subgrouping.
RRM offloading
In addition to paging monitoring, RRM measurement is another idle mode procedure that consumes a significant amount of UE power, because it is performed by UE periodically with a frequency proportional to UE’s paging cycle (at least those on UE’s serving cell). Therefore, if UE uses LP-WUS to save power in paging monitoring but still has to wake up main radio to perform RRM measurements, UE will not be able to attain the full benefits of LP-WUS. For this reason, RAN1 has agreed to study RRM offloading using LPR.
	Agreement
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content


LP-SS likely has narrower bandwidth than legacy NR reference signals. That makes their RRM measurements less accurate than those performed by main radio. Thus, we think a number of issues need to be studied if LPR is used to perform RRM measurements. They are discussed in the following. 
What type of RRM measurements (e.g. serving cell, intra-frequency and inter-frequency) may UE perform using LPR? 
RAN1 have already agreed to study using LP-SS for serving cell measurements. Serving cell measurements indeed can benefit well from using LP-SS, because it is performed most often and is in the same band as where paging monitoring is performed. On the other hand, the feasibility and benefits of using LP-SS for neighbor cell measurements need more study. For example, due to LPR’s lower accuracy in measurements, it is up to discussion whether LPR may be used to perform RRM measurements on high-priority frequencies. Another challenge is that SMTC for different neighbor cells are not coordinated and spread randomly in time. That means UE still needs to wake up often. That may offsets the power saving gains of using LPR. Enhancements for coordinating LP-SS across cells hence need to be studied, because LP-SS can be used for neighbor cell measurements.
Proposal 5. 	Study the feasibility and benefits of using LP-SS for neighbor cell measurements.  
When is UE allowed to use LPR instead of its main radio to perform RRM measurements? 
As a result, LPR-based measurements probably should not be used when UE needs to use RRM measurements to make decisions such as whether neighbor cell measurement threshold is met or when UE is likely to perform cell reselection. One may also argue that if a UE has high mobility and performs reselection frequently, then its main radio has to be used most of time and that thus reduces the power saving gains of LPR. Therefore, LPR based RRM measurements perhaps are most beneficial for power saving only when UE has low mobility. We think RAN2 need to study these types of issues and provide the outcome of our study to RAN1.
Proposal 6.  	Study the criteria under which RRM measurements may be performed by low-power receiver.
How can UE use measurements by LPR in cell re-selection procedure?
Even if UE can use LPR to perform RRM measurements, it is possible that not all measurements are performed by LPR. For instance, if a neighbor cell does not transmit LP-SS, then measurements on those cells have to be performed by main radio (i.e. legacy measurements). Since UE needs to compare signal strength of eligible neighbor cells and serving cell during cell reselection, it needs to be studied how UE may use two different types of RRM measurements to perform cell ranking.  
From RAN2’s perspective, it is desirable to have some kind of “mapping” which translates RRM measurements from LPR to the scale of legacy RRM measurements. Such a mapping could be either an offset predefined in the specs or a semi-static parameter that can be periodically calibrated based on measurements. If such a mapping is possible (it needs to be studied and confirmed by RAN1/4), it then would enable compatible and reliable comparison between measurements from LPR and main radio. More importantly, the use of LPR for RRM measurements will not have much impact on the legacy cell reselection frameworks (e.g. thresholds, parameters, procedures), i.e. most of the framework can stay as is and does not need to be aware of the underlying measurement mechanisms.
Proposal 7.	Study options for UE to use RRM measurements from low-power receiver together with legacy measurements in cell reselection procedure.
Proposal 8.	Request RAN1/4 to study the feasibility of mapping RRM measurements from low-power receiver to the scale of legacy measurements, to enable a reliable comparison between them in cell reselection procedure.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and agree to the following proposals:
Proposal 1. 	When used for paging monitoring, LP-WUS only indicates to UE whether to wake up and monitor its paging occasion. It does not contain paging message(s).  
Proposal 2.	From RAN2’s perspective, study whether it is desirable for LP-WUS to have the same coverage as PDCCH or not.
Proposal 3.	Study whether LP-WUS for paging indication can be used by any capable UEs or is limited to only those selected by network.
Proposal 4.	Study the option in which UE uses LP-WUS and R17 PEI in tandem to minimalize false paging alerts, in case LP-WUS has limited or no support for subgrouping.
Proposal 5. 	Study the feasibility and benefits of using LP-SS for neighbor cell measurements
Proposal 6.  	Study the criteria under which RRM measurements may be performed by low-power receiver.
Proposal 7.	Study options for UE to use RRM measurements from low-power receiver together with legacy measurements in cell reselection procedure.
Proposal 8.	Request RAN1/4 to study the feasibility of mapping RRM measurements from low-power receiver to the scale of legacy measurements, to enable a reliable comparison between them in cell reselection procedure.
2
image1.emf
page

LP-WUS

R17 PEI

power

time


Microsoft_Visio_Drawing.vsdx
page
LP-WUS
R17 PEI
Only LPR is on
Only R17 PEI receiver is on
Main Radio is on for paging reception
power
time



