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Introduction
This contribution presents an drat TP for TR 38.869 conclusion section, including the following aspects related to LP-WUS/WUR
· Use cases and evaluation methodologies
· UE power saving, latency evaluations for IDLE/INACTIVE mode
· UE power saving, UPT and capacity evaluations for CONNECTED mode
· Network overhead and energy consumption impact

Draft TP
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RAN1 has identified use cases of LP-WUS/WUR for power sensitive devices including IoT, wearable and eMBB, and for both IDLE/INACTIVE and CONNECTED mode usage. RAN1 has identified the performance metrics and KPIs for the studies of LP-WUS/WUR including UE power consumption, coverage, latency and UPT as well as metrics and KPIs for network impact including the impact to system overhead, system capacity (XR traffic), and network energy consumption.
RAN1 has developed evaluation methodologies for the study of LP-WUS/WUR including power models for LR and MR, traffic characteristics, coverage targets, LR clocks and oscillator assumptions, etc. 
RAN1 has carried out system level evaluations for the UE power saving and latency benefit of using LP-WUS/WUR for IDLE/INACTIVE UEs.
· UE power saving gain cannot be observed if the existing Rel-18 MR RRM measurement periodicity for serving and neighbour cells are applied and UE MR enters in ultra-deep sleep during LP LP-WUS monitoring, therefore MR serving and neighbour cell measurement with further time domain relaxation than that is allowed in Rel-18 specification for IDLE/INACTIVE and/or at least serving cell RRM offloaded from MR to LR are beneficial. 
· Compared with existing I-DRX operation, 
· Significant UE power saving gain (up to more than 90%) is observed by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I-DRX operation (with and without PEI), if sufficient relaxation to MR RRM measurement is applied. 
· For duty-cycled LP-WUS monitoring and same duty ratio, higher power saving gain is observed if the relative power consumption of LP-WUR ON for LP-WUS monitoring is lower,[ e.g. no larger than 4], [at least for UEs not at the cell-edge].
· For continuous LP-WUS monitoring, UE power saving gain is only observed if the relative power consumption of LP-WUR ON for LP-WUS monitoring is lower, e.g. no larger than 1. 
· Compared with legacy I-DRX operation with same I-DRX cycle, moderate paging latency increase (e.g. ~400ms) is observed by using LP-WUS/WUR, due to the ramp up procedure of MR from ultra-deep sleep state and if legacy paging occasion is reused, but the increase is acceptable for typical I-DRX operations. [Potential techniques to decrease the latency e.g. using shorter I-DRX cycles, dynamic paging occasion determination, UE MR transmit PRACH directly after wake-up by LP-WUS, UE MR entering deep sleep during LP LP-WUS monitoring, were also studied.] 
· Compared with existing eDRX operation, significant paging latency reduction and moderate UE power saving gain is observed, if LP-WUS monitoring and the corresponding paging monitoring after MR wake-up is performed not restricted within existing PTW of eDRX. Significant UE power gain and moderate paging latency increase is observed if LP-WUS monitoring is restricted within existing PTW of eDRX and existing paging occasion determination is reused.  
RAN1 has carried out system level evaluations for the UE power saving and UPT benefit of using LP-WUS/WUR for CONNETED mode UEs with different traffic types including XR, FTP and IM. Existing power saving techniques, including Rel-15 long/short C-DRX cycle, Rel-16 DCP, Rel-17 PDCCH skipping/SSSG switching and Rel-18 enhanced C-DRX for non-integer periodicities are used for in the evaluation comparison. 
· For XR traffic and LP-WUS to trigger the UE MR PDCCH monitoring, 
· Moderate UE power saving gain (up to more than 10%) across different types of XR traffic and system load scenarios can be observed, larger UE power saving gain can be observed if the UE MR can enter light sleep instead of micro sleep during LP-WUS monitoring by LR. 
· The impact to the XR capacity is marginal for low load scenarios. For high load scenarios, the impact to the XR capacity is also marginal when the UE MR enters the micro sleep state and relatively larger when MR enters the light sleep state during LR LP-WUS monitoring.

· For FTP and IM traffic,
· For the usage of LP-WUS to trigger the UE MR PDCCH monitoring, 
· Compared with existing UE power saving techniques, significant UE power saving gain (up to more than 60%) and moderate UPT improvement (up to more than 10%) when the UE MR enters deep sleep state during LR LP-WUS monitoring, larger UPT improvement (up to more than 180%) is observed for traffic with small packets, e.g. IM. Relatively lower or no UE power saving gain can be observed when the UE MR enters light sleep during LR LP-WUS monitoring, but the UPT improvement is higher (up to more than 50%). 
· Compared with UE MR always-on PDCCH monitoring, significant UE power saving gain (up to more than 40%) and similar UPT performance can be observed, when UE MR enters micro sleep during LR LP-WUS monitoring. 
· For the usage of LP-WUS as the wake-up mechanism of C-DRX similar to DCP
· Significant UE power saving gain (up to more than 30%) and moderate degradation to the UPT (less than 10%) can be observed, especially when the C-DRX cycle is shorter (e.g. 40ms) .
RAN1 has carried out coverage evaluation to compare the MIL performance of LP-WUS with that of legacy NR channels (e.g. PUSCH for MSG3, PDCCH for Paging). It is observed that for LP-WUS can achieve comparable MIL performance with that of NR PUSCH MSG3, with the assumed resource for each LP-WUS transmission is as the following, in which RedCap and non-RedCap UE cases are not further distinguished. 
· For Urban scenario and single PUSCH MSG3 transmission 
· For OOK-based LP-WUS, the required resource reported is 0.9~17.28 MHz*Symbol/bit 
· For FSK-based LP-WUS, the required resource reported is 4.32~12.96 MHz*Symbol/bit 
· For OFDM-based LP-WUS, the required resource reported is 0.31~4.32 MHz*Symbol/bit
· For Rural scenarios and single PUSCH MSG3 transmission
· For OOK-based LP-WUS, the required resource reported is 0.72~4.32 MHz*Symbol/bit 
· For FSK-based LP-WUS, the required resource reported is 4.32 MHz*Symbol/bit (one source)
· For OFDM-based LP-WUS, the required resource reported is 0.62~4.36 MHz*Symbol/bit
· In general, it is much more challenging for LP-WUS to reach comparable MIL as legacy PDCCH with AL16/AL8, more resources occupancy and/or coverage enhancement techniques for LP-WUS transmission would be required to reach such challenging MIL target. 
For the overhead of LP-WUS used for RRC IDLE/INACTIVE UEs, it depends on the number of information bits, time-frequency occupation, traffic inter-arrival time, number of beams, system BW.
· For 5MHz LP-WUS with single PUSCH MSG 3 as MIL target and 20MHz system BW
· For OFDM based LP-WUS carrying information of up to1 bit, the overhead is marginal (up to 0.9206%) for 20MHz or 100MHz system BW (one source)
· For OOK/FSK-2 based LP-WUS carrying information up to 24bit, the overhead is marginal (up to 2.3%) for 20MHz. Note that in this case, the overhead evaluation in some sources includes LP-WUS and LP-SS
· For 5MHz LP-WUS with paging PDCCH (AL8/AL16) as the MIL target and 20MHz system BW,
· For OFDM based LP-WUS carrying information up to 8bits, the overhead is marginal (up to 0.19%) (one source)
· For OOK-based LP-WUS carrying information up to 48bits, the overhead can be significant (up to 11.8%)

For RRC CONNCETED mode (One source)
· For XR and 10 UEs per cell (maximum system capacity) and 100MHz system BW, the overhead of OOK-based LP-WUS carrying up to 12bits information bits is small (up to 4.3%);
· For FTP3 traffic and 10 UEs per cell, RU 40%, 100MHz system BW, the overhead of OOK-based LP-WUS carrying up to 12 information bits is marginal (up to 0.36%); 

The overhead for OOK based LP-SS is 0.4% with 320ms periodicity, 1 slot (30kHz) and 5MHz time-frequency occupation per beam, with 8 beams and 20MHz system bandwidth. The overhead of other configurations can be derived by scaling accordingly. 
The additional increased network power consumption due to LP-SS is also studied assuming LP-SS is an additional signal transmission than the existing NR signal/channels. When 320ms LP-SS periodicity, 4 or 8 beams and no more than 14 symbols LP-SS duration is assumed, the additional increased network power consumption rate is marginal (0.06%~3.9%) , (0.07%~2.716%), (0.388%~1.076%) for zero load, low load and medium load respectively. Lower impact to the network power consumption is expected when LP-SS is transmitted FDM with NR SSB/SIB-1.
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