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Introduction 
In this paper, we discuss a few uses cases in which UE can benefit from using low-power receiver (LPR) in RRC Connected procedures. We first discuss the use of LPR to avoid measurement gaps or perform RLM/BFD measurements in a dormant BWP or a deactivated SCG. We then discuss potential enhancements of using LPR to indicate whether UE should monitor PDCCH, either before DRX on duration or during PDCCH skipping. 
Discussion
RR/RLM/BFD measurements using LPR
If a UE is equipped with LPR, UE may be able to perform measurements simultaneously using both LPR and main radio (MR). That enables new enhancements for measurement related procedures. We provide two such examples in the following. 
XR applications typically require high throughput and low latency. If a UE requires measurement gaps (MG) to perform inter-frequency RRM measurements, the MGs can increase scheduling latency and decrease data throughput because they interrupt data traffic. Therefore, if a UE can use LPR to perform inter-frequency measurements, its MR can transmit and receive traffic in parallel without interruption. That makes it easier to meet the requirements for XR services. 
In fact, enhancements which enable inter-frequency measurement gaps to be relaxed or deprioritized have been studied in R18 XR SI. RAN1’s evaluate study showed significant capacity gains in many scenarios (Section B.1.7, TR38.835 [1]). For example, for FR1, DU, DL, with 100MHz bandwidth for VR/AR single-stream traffic model, 30Mbps, 10ms PDB, 60 FPS, with SU-MIMO and 64TxRU, it is observed that the capacity is increased from 2 UEs per cell with MG scheduling restrictions for inter-frequency measurements for all 20% UEs (6 ms MG length every 40 ms) to 8.7 UEs per cell with adaptation of MG period restrictions for inter-frequency measurements. This is a capacity gain is 335%. If LPR can be used to perform inter-frequency measurements in parallel with data traffic, we expect the capacity gain can be even higher. 
To enable this enhancement, gNB needs to transmit a low-power reference signal (LP-RS) for LPR to measure. Very likely this LP-RS has to be transmitted any more, e.g. to provide time synchronization for LPR. Hence using it for RRM measurements does not cause extra overhead. 
For reporting, different approaches may be possible. For example,
· One option is to let UE report “raw” measurements from LPR to network in enhanced measurement reports (i.e. legacy measurement report is extended to include LPR based measurements). It is then up to network implementation how to translate and use those measurements from LPR. In addition, network can configure LPR-specific thresholds for measurement report triggering events. 
· Another option is that network configures a mapping rule (e.g. an offset) for UE to translate a RRM measurement from LPR to an equivalent legacy RRM measurement. The advantage of this option is that most of the legacy RRM framework (e.g. measurement reports, triggering events) can be reused with minimum change. 
In addition to inter-frequency measurements, the above enhancements can also benefit UEs which need MGs to perform its serving cell measurements. Examples of such UEs include RedCap UEs whose dedicated BWP does not include CD-SSB. 
Proposal 1. 	Study enhancements to use low-power radio to perform RRM measurements without the need for measurement gaps.
In dormant BWP or de-activated SCG, network can configure UE to perform RLM/BFD measurements. Such measurements requires UE to bring MR out of sleep mode and perform those measurements. That obviously reduces the power saving benefits of dormant BWP or deactivated SCG. 
If UE is equipped with LPR, then potentially it can be used to perform those RLM/BFD measurements. That allows UE to keep its MR in sleep mode throughout the dormant period, thus achieving maximum power savings that those dormant states offer. 
Proposal 2. 	Request RAN1/4 to study the feasibility of using low-power receiver to perform RLM/BFR measurements in dormant BWP or deactivated SCG.
PDCCH monitoring indication
In R16, DCP is introduced to provide indication to UE outside DRX active time whether it should start the upcoming DRX on duration. Since it consumes UE less power to monitor DCP than monitoring PDCCH, DCP saves UE power. 
It is expected that reception of LP-WUS consumes much lower power than DCP, which is over PDCCH. Given the fact that these two types of wakeup signals serve essentially the same purpose (at least from upper-layer’s perspective), RAN2 can study the feasibility of using LP-WUS for DRX wakeup. 
Proposal 3.	Study the use of LP-WUS to indicate whether UE should start DRX on duration timer in the upcoming DRX cycle.
In R17, PDCCH skipping was introduced to allow UE to suspend PDCCH monitoring for a configured duration within DRX active time. This enhancement saves UE power in case there are short idle periods within ongoing traffic. The downside is that it may risk increasing scheduling latency. For example, if new data arrives in the middle of a PDCCH skipping duration, it can’t be scheduled immediately until the skipping is over. This tradeoff between power saving and scheduling latency limits the length and frequency that network may schedule of PDCCH skipping. 
This tradeoff can be eliminated if LP-WUS is used within a PDCCH skipping duration. More specifically, network can configure LP-WUS occasions in relation to PDCCH monitoring occasions, and a LP-WUS transmission indicates whether UE should monitor the correspond PDCCH occasion or not. If an indication is positive, UE terminates the PDCCH skipping and resume its monitoring. 
Because LP-WUS costs UE very little power to monitor, this enhancement enables network to schedule PDCCH skipping more aggressively (e.g. longer and more often). That in turn creates more power savings for UE. 
Proposal 4.	Study the use of the LP-WUS during PDCCH skipping to indicate whether UE should monitor or skip a PDCCH monitoring occasion.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and agree to the following proposals:
Proposal 1. 	Study enhancements to use low-power radio to perform RRM measurements without the need for measurement gaps.
Proposal 2. 	Request RAN1/4 to study the feasibility of using low-power receiver to perform RLM/BFR measurements in dormant BWP or deactivated SCG.
Proposal 3.	Study the use of LP-WUS to indicate whether UE should start DRX on duration timer in the upcoming DRX cycle.
Proposal 4.	Study the use of the LP-WUS during PDCCH skipping to indicate whether UE should monitor or skip a PDCCH monitoring occasion.
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