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Introduction
In the latest approved/revised Rel-18 SID on study on expanded and improved NR positioning [1], an objective to evaluate and study the low power high accuracy requirement provided by SA1 was justified as follows.
	· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state


This contribution provides a summary of the submitted contributions, issues for discussions and outcomes in RAN1#111 meeting.

Collection of proposals for online/offline session
2.1 Collection of proposals for Tuesday offline session
[Medium] Proposal 3 (II)
Capture the following in TR 38.859 Section 6.4.2:
· From RAN1’s perspective, extending DRX cycle larger than 10.24s, , which can be larger than the positioning periodicity, is beneficial to improve the battery life one of the most important contributing factors towards meeting the target battery life requirement defined by LPHAP use case 6. 
· Note: Up to other WGs whether/what additional enhancements are needed. It is up to RAN2 to consider this enhancement in normative phase


[High] Proposal 2 (II)
· Enhancements on time domain adaptation alignment and gap minimization between PRS/SRS/paging/reporting/synchronization to reduce UE wake-up duration and power state transition times is are recommended for normative work. The details of solutions can be further discussed during normative work, which may include and are not limited to the following:
· Paging and/or PEI-triggered positioning such that a UE can either perform paging reception and positioning operations or skip both.
· Restrictions on PRS measurement and/or SRS transmission by defining time window.
· Availability of TRS-based synchronization in adjacent to SRS for positioning.
· Note: Above enhancements may rely on coordination among positioning nodes (e.g., UE, LMF, gNBs) for DRX and PRS/SRS configurations, which is up to RAN2/3 WGs. 
· Note: Above enhancements do not preclude paging DRX cycle beyond 10.24s.
· Note: PRS measurement in above does not preclude simplified PRS configurations (e.g., 1-symbol PRS, comb-size > 12).

[Medium] Proposal 4 (II)
· Enhancements on simplified PRS configuration can be studied further and if needed, specified during normative work. 
· The details of solutions can be left for discussion in the normative work, which may include but are not limited to simplified PRS resource pattern (e.g., 1-symbol PRS, comb size > 12).


2.2 Collection of proposals for Tuesday online session

[High] Proposed observation 2 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of extending DRX cycle are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, the following is observed:
· Results with extended DRX cycle beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s, and is beneficial towards meeting the battery life requirement as extended DRX cycle beyond 10.24s allows a UE to enter into a deeper sleep state and improve the battery life.
· From the evaluations,
· Power saving gains achieved with extended DRX cycle with respect to baseline DRX cycle 1.28s are provided by 2 sources ([3/vivo], [13/CMCC]):
· In [3/vivo], 87%~90% power saving gains are achieved with DRX cycle of 30.72s with respect to that with the baseline DRX cycle of 1.28s;
· In [13/CMCC], 35.05%~53.70% power saving gains are achieved with DRX cycle of 10.24s with respect to that with the baseline DRX cycle of 1.28s, and 37.56%~57.53% power saving gains are achieved with DRX cycle of 20.48s with respect to that with the baseline DRX cycle of 1.28s;
· Results on battery life of extended DRX cycle together with ultra-deep sleep state are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by all 13 sources.

[High] Proposed observation 3 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration for UL/DL+UL positioning are provided by 7 sources ([2/HW,Hisilicon], [3/vivo], [4/Futurewei], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm], [20/Ericsson]) out of 19 sources, the following is observed:
· UE performing RA-SDT procedure (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption, and results without SRS (re)configuration procedure provide power saving gains with respect to that with RA-SDT procedure (re)entering RRC_CONNECTED state to obtain SRS (re)configuration.
· From the evaluations,
· In [2/HW,Hisilicon], 65.2790% of total power is consumed by SRS (re)configuration for UL positioning; RA-SDT procedure UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases the power consumption by 3 times;
· In [3/vivo], RA-SDT procedure UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration every 10.24s/20.48s/40.96s increases the power consumption by 8.71%/4.47%/2.23% with DRX cycle of 1.28s and by 13.38%/6.69%/3.34% with DRX cycle of 10.24s;
· In [4/Futurewei], 23.81%~52.62% of total power is consumed by SRS (re)configuration for UL positioning, and 21.65%~26.54% of total power is consumed by SRS (re)configuration for DL+UL positioning;
· In [11/ZTE], 11.6%~34.4% of total power is consumed by SRS (re)configuration for UL positioning with ultra-deep sleep state option 1 with additional transition energy 10000, and 46.2%~77.5% of total power is consumed by SRS (re)configuration for UL positioning with ultra-deep sleep state option 2;
· In [13/CMCC], 11.28%~52.41% of total power is consumed by SRS (re)configuration for UL positioning; Without SRS (re)configuration procedure, 55.07%/20.38%/11.85% power saving gains are achieved for DRX cycle of 1.28s/10.24s/20.48s.
· Evaluation results on battery life assuming no SRS (re)configuration together with ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, and the target requirement of 6~12 months is achieved by all 11 sources.


[High] Proposed observation 6 (II)
Capture the following observation in TR 38.859 Section 6.4.3:
· Summary table of results of overall enhancements (Table 8 in Section 3.2.1).
· Evaluation results on the battery life of overall enhancements including at least one or combinations of DRX cycle beyond 10.24s, ultra-deep sleep state, minimized gaps between PRS/SRS/paging/reporting/synchronization, and no SRS (re)configuration procedure, are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE],[12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources.
· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 10000, results are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE],[12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 1 source ([20/Ericsson]) with baseline implementation factor K = 1, and is achieved by 8 sources ([3/vivo], [4/CATT], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 8 sources ([3/vivo], [4/CATT], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm]) with baseline implementation factor K = 1, and is achieved by 6 sources ([3/vivo], [6/Spreadtrum], [7/Nokia,NSB], [11/ZTE], [13/CMCC], [19/Qualcomm]) with optional implementation factor K;
· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 5000, results are provided by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 1 source ([3/vivo]) 2 sources ([3/vivo], [9/Intel]) with baseline implementation factor K = 1, and is achieved by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with optional implementation factor K;
· For ultra-deep sleep state option 2 (including TDMed with ultra-deep sleep option 1 for power cycles in which paging reception is required), results are provided by 4 sources ([2/HW,Hisilicon], [8/xiaomi], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 4 sources ([2/HW,Hisilicon], [8/xiaomi], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 2 sources ([11/ZTE], [13/CMCC]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 1 source ([13/CMCC]) with baseline implementation factor K = 1, and is achieved by 1 source ([13/CMCC]) with optional implementation factor K;


[High] Proposed observation 1 (I)
Capture the following updated observation in TR 38.859 Section 6.4.3 (editorial modifications references for the sources can be made when incorporating into the TR):
· For the evaluation on the battery life of the baseline LPHAP Type A device with battery capacity C2 of 800mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with baseline implementation factor K = 1 and baseline evaluation assumptions.
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with optional implementation factor K or optional evaluation assumptions.
· For UE-assisted DL positioning, results are provided by 13 14 sources ([34], [36], [37] [3/vivo], [38] [7/Nokia, NSB], [40], [42] [12/Sony], [43], [44] [8/xiaomi], [45], [48], [50], [52], [53], [9/Intel]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 13 14 sources ([34],[36], [3/vivo][37], [7/Nokia, NSB][38],[40],  [12/Sony][42],[43], [8/xiaomi][44],[45],[48],[50],[52],[53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 13 14 sources ([34],[36], [3/vivo],[37], [7/Nokia, NSB][38],[40], [12/Sony][42],[43], [8/xiaomi][44],[45],[48],[50],[52],[53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.
· For UE-based DL positioning, results are provided by 10 11 sources ([34], [36], [3/vivo][37], [7/Nokia, NSB][38], [40], [43], [8/xiaomi] [44], [45], [50], [52],[9/Intel]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 10 11 sources ([34],[36], [3/vivo][37], [7/Nokia, NSB][38],[40],[43], [8/xiaomi][44],[45],[50],[52],[9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 10 11 sources ([34],[36], [3/vivo][37], [7/Nokia. NSB][38],[40],[43], [8/xiaomi][44],[45],[50],[52],[9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· For UL positioning, results are provided by 12 13 sources ([34], [36], [3/vivo][37], [7/Nokia, NSB][38], [40], [43], [8/xiaomi][44], [45], [48], [50], [52], [53], [9/Intel]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 12 13 sources ([34], [36], [3/vivo][37], [7/Nokia, NSB][38], [40], [43], [8/xiaomi] [44], [45], [48], [50], [52], [53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 12 13 sources ([34], [36], [3/vivo][37], [7/Nokia, NSB][38], [40], [43], [8/xiaomi][44], [45], [48], [50], [52], [53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· For DL+UL positioning, results are provided by 1 source ([52]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 1 source ([52][20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 1 source ([52][20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· For the evaluation on the battery life of the optional LPHAP Type B device with battery capacity C2 of 4500mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with the baseline implementation factor K=1 and baseline evaluation assumptions.
· For UE-assisted DL positioning, results are provided by 8 9 sources ([36], [3/vivo][37], [7/Nokia, NSB] [38], [12/Sony][42], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 4 5 sources ([36], [38],[45],[52], [8/xiaomi], [10/Sony]) with the implementation factor K = 4 and by 2 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2, and is not achieved by 6 5 sources with the implementation factor K < 4 ([36], [37],[38],[42],[45],[52], [8/xiaomi]) and by 2 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K < 2.
· The target requirement of 12 months is achieved by 3 5 sources ([43],[50],[52], [3/vivo], [7/Nokia. NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for reporting and implementation factor K = 4, and is not achieved by 8 9 sources ([36], [3/vivo][37], [7/Nokia, NSB][38], [10/Sony][42],[43],[45],[50],[52], [8/xiaomi]) with the implementation factor K < 4.
· For UE-based DL positioning, results are provided by 7 8 sources ([36], [3/vivo][37], [7/Nokia, NSB][38], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 4 sources ([36], [38],[45],[52], [8/xiaomi]) with the implementation factor K = 4 and by 2 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2 , and is not achieved by 5 4 sources with the implementation factor K < 4 ([36], [37],[38],[45],[52], [8/xiaomi]) and by 2 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 5 sources ([43],[50],[52], [3/vivo], [7/Nokia, NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4, and is not achieved by 7 8 sources ([36], [3/vivo] [37], [7/Nokia, NSB][38], [43], [45], [50], [52], [8/xiaomi]) with the implementation factor K < 4.
· For UL positioning, results are provided by 7 8 sources ([36], [3/vivo][37], [7/Nokia, NSB][38], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 4 sources ([36], [38],[45],[52], [8/xiaomi]) with the implementation factor K = 4 and by 2 4 sources ([1143],[1850],[3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2, and is not achieved by 5 4 sources ([36], [37], [38],[45],[52], [8/xiaomi]) with the implementation factor K < 4 and by 2 4 sources ([43],[50],[3/vivo],[7/Nokia, NSB]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 5 sources ([43],[50],[52],[3/vivo],[7/Nokia, NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4, and is not achieved by 7 8 sources ([36], [3/vivo][37], [7/Nokia, NSB][38], [43], [45], [50], [52], [8/xiaomi]) with the implementation factor K < 4.
· For DL+UL positioning, results are provided by 1 source ([52]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 1 source ([52]) with implementation factor K = 4, and is not achieved by 1 source ([52]) with implementation factor K < 4;
· The target requirement of 12 months is achieved by 1 source ([52]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4, and is not achieved by 1 source ([52]) with implementation factor K < 4.
· Note: The implementation factor K is a factor related to the reference device in the model to convert the relative power unit to the battery life. Four values are introduced for K with K = 1 as the baseline and K = 0.5, 2, 4 as optional values. The model is captured in the Annex A.4.
· Note: Without otherwise noted, “high SINR” in the observation refers to the evaluation case that no intra-/inter-frequency RRM and single SSB for synchronization purpose is considered.

[Medium] Proposal 3 (II)
Capture the following in TR 38.859 Section 6.4.2:
· From RAN1’s perspective, extending DRX cycle larger than 10.24s (even larger than 30.72s), which can be larger than the positioning periodicity, is critical to improve the battery life beneficial to improve the battery life one of the most important contributing factors towards meeting the target battery life requirement defined by LPHAP use case 6. 
· Note: Up to other WGs whether/what additional enhancements are needed. It is up to RAN2 to consider whether this enhancement is needed in normative phase in positioning agenda.
· Note: The configuration of the positioning interval is based on the LPHAP use case 6 requirement

2.3 Collection of proposals for Wednesday offline session

[High] Proposed observation 4 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 11 ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) sources out of 19 sources, the following is observed:
· Minimizing gaps between PRS/SRS/paging/reporting/synchronization reduces power consumption, and results with minimized gaps between PRS/SRS/paging/reporting/synchronization provide power saving gains with respect to that without minimized gaps. 
· From the evaluations, 
· Comparative results with and without optimization of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 3 sources ([12/Sony], [13/CMCC], [20/Ericsson]):
· In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s and 10.24s with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;
· In [13/CMCC], 5.48%~15.59%, 1.05%~3.60%, and 0.54%~1.96% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s, 10.24s, and 20.48s with sleep states in TR 38.840; 17.14%~33.33% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle of 20.48s with ultra-deep sleep option 1.
· Results on battery life of assuming minimized gaps between PRS/SRS/paging/reporting/synchronization together with DRX cycle equal to or larger than 10.24s and ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by all 11 10 sources.
· Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning related measurement and/or reporting operations behaviors together with paging reception, or to skip both.
· Results on battery life of skipping paging reception are further provided by 1 source ([2/HW, HiSilicon] out of 19 sources, configuring a DRX cycle longer than positioning periodicity or without paging reception is beneficial to improve battery life as it allows a UE to wake up to only perform positioning related operations.
· Results of only using TRS-based synchronization in adjacent slot to SRS is are further provided by 1 source ([2/HW,Hisilicon]), which further improves battery life with respect to that using SSB-based synchronization for UL positioning.

[High] Proposed observation 5 (II)
Capture the following observation in TR 38.859 Section 6.4.3:
· Evaluation results of simplified PRS configuration on both battery life and accuracy are provided by 1 source ([11/ZTE]) out of 19 sources, the following is observed:
· Adopting 1-symbol PRS and comb size > 12 reduces the power consumption of PRS measurement, and is beneficial to meet the battery life requirement.
· The positioning accuracy of 1-symbol PRS and comb size > 12 barely reduces and can meet the accuracy requirement.

[High] Proposal 1 (II)
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration is recommended for normative work. The details of solutions can be further discussed during normative work, which may include but are not limited to one or combinations of the following:
· SRS for positioning configurations in multiple cells. Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations.
· SRS for positioning activation/request procedure(s).

[High] Proposal 2 (II)
· Enhancements on time domain adaptation alignment and gap minimization between PRS/SRS/paging/reporting/synchronization to reduce UE wake-up duration and power state transition times is recommended for normative work. The details of solutions can be further discussed during normative work, which may include and are not limited to the following:
· Paging and/or PEI-triggered positioning such that a UE can either perform paging reception and positioning operations or skip both.
· Restrictions on PRS measurement and/or SRS transmission by defining time window.
· Availability of TRS-based synchronization in adjacent to SRS for positioning.
· Note: Above enhancements may rely on coordination among positioning nodes (e.g., UE, LMF, gNBs) for DRX and PRS/SRS configurations, which is up to RAN2/3 WGs. 
· Note: Above enhancements do not preclude paging DRX cycle beyond 10.24s.
· Note: PRS measurement in above does not preclude simplified PRS configurations (e.g., 1-symbol PRS, comb-size > 12).

[Medium] Proposal 4 (II)
· Enhancements on simplified PRS configuration can be studied further and if needed, specified during normative work. 
· The details of solutions can be left for discussion in the normative work, which may include but are not limited to simplified PRS resource pattern (e.g., 1-symbol PRS, comb size > 12).

2.4 Collection of proposals for Wednesday online session

[High] Proposed observation 4 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
1. Evaluation results of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 11 ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) sources out of 19 sources, the following is observed:
14. Minimizing gaps between PRS/SRS/paging/reporting/synchronization reduces power consumption, and results with minimized gaps between PRS/SRS/paging/reporting/synchronization provide power saving gains with respect to that without minimized gaps. 
14. From the evaluations, 
1. Comparative results with and without optimization of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 3 sources ([12/Sony], [13/CMCC], [20/Ericsson]):
1. In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved for DRX cycle 1.28s and 13.2% and 34% power saving gains for DRX cycle 10.24 sec, with minimized gaps between PRS/SRS/paging/reporting/synchronization with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;
1. In [13/CMCC], 5.48%~15.59%, 1.05%~3.60%, and 0.54%~1.96% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s, 10.24s, and 20.48s with sleep states in TR 38.840; 17.14%~33.33% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle of 20.48s with ultra-deep sleep option 1.
14. Results on battery life of assuming minimized gaps between PRS/SRS/paging/reporting/synchronization together with DRX cycle equal to or larger than 10.24s and ultra-deep sleep state are provided by 10 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by 9 sources.
1. Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning measurement and/or reporting behaviors together with paging reception, or to skip both:
15. In [11/ZTE], PEI triggered positioning improves battery life by 0.24~1.64 months;
15. In [18/Samsung], paging triggered positioning improves battery life by 0.08~0.17 months for DL positioning, and by 0.02~0.04 months for UL positioning; PEI triggered positioning improves battery life by 0.09~0.62 for DL positioning, and by 0.04~0.47 for UL positioning
1. Results on battery life of skipping paging reception are further provided by 1 source ([2/HW, HiSilicon] out of 19 sources, configuring a DRX cycle longer than positioning periodicity or without paging reception can achieve 44.32%~89% power saving gain and is beneficial to improve battery life as it allows a UE to wake up to only perform positioning related operations to achieve the target requirement of LPHAP.
1. Results of only using TRS-based synchronization in adjacent slot to SRS is are further provided by 1 source ([2/HW,HiSilicon]), which achieves 23.33% power saving gain and further improves battery life with respect to that using SSB-based synchronization for UL positioning.

[High] Proposed observation 5 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of simplified PRS configuration on both battery life and accuracy are provided by 1 source ([11/ZTE]) out of 19 sources, the following is observed:
· In the case of K=1, C2=800, DRX cycle = 10.24s, 1-symbol PRS can satisfy 6-month battery life but more than 1 symbol PRS cannot.
· The positioning accuracy of 1-symbol PRS and comb size > 12 barely reduces and can meet the accuracy requirement in some cases.


[High] Proposal 1 (II)
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration is recommended for normative work. The details of solutions can be further discussed during normative work, which may include but are not limited to one or combinations of the following:
· SRS for positioning configurations in multiple cells. Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations.
· SRS for positioning activation/request procedure(s).

[High] Proposal 2 (II)
· Enhancements on time domain adaptation alignment and gap minimization between PRS/SRS/paging/reporting/synchronization to reduce UE wake-up duration and power state transition times is recommended for normative work. The details of solutions can be further discussed during normative work, which may include and are not limited to the following:
· Paging and/or PEI-triggered positioning such that a UE can either perform paging reception and positioning operations or skip both.
· Restrictions on PRS measurement and/or SRS transmission by defining time window.
· Availability of TRS-based synchronization in adjacent to SRS for positioning.
· Note: Above enhancements may rely on coordination among positioning nodes (e.g., UE, LMF, gNBs) for DRX and PRS/SRS configurations, which is up to RAN2/3 WGs. 
· Note: Above enhancements do not preclude paging DRX cycle beyond 10.24s.
· Note: PRS measurement in above does not preclude simplified PRS configurations (e.g., 1-symbol PRS, comb-size > 12).

[Medium] Proposal 4 (II)
· Enhancements on simplified PRS configuration can be studied further and if needed, specified during normative work. 
· The details of solutions can be left for discussion in the normative work, which may include but are not limited to simplified PRS resource pattern (e.g., 1-symbol PRS, comb size > 12).


Evaluation results
[CLOSED] 3.1 Rel-17 RRC_INACTIVE state positioning
3.1.1 Summary of inputs
In the last RAN1 meeting, evaluation results for baseline Rel-17 positioning for UEs in RRC_INACTIVE state were provided by 12 companies, and corresponding observation and conclusion were agreed and capture in the updated TR [37]. 
From reviewing submitted contributions in this meeting, 5 companies (vivo, Nokia/NSB, xiaomi, Intel, Sony) update their results for baseline Rel-17 RRC_INACTIVE state positioning. The summary of updates is captured in following tables along with the updated observations. Please refer to Tables 1~4 in the FL summary of last RAN1 meeting for the summary of results from other companies [38].
Table 1: Summary for updated results of UE-assisted DL positioning
	Source
	Evaluation case description
	Target requirement are met – Yes/No

	
	
	6 months
	12 months

	vivo [3]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR, CG-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR, CG-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	I-DRX= 1.28s, 1 RS per 1 I-DRX, Low SINR, CG-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 2, Type B: NO
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, Low SINR, CG-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR, RA-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR, RA-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	I-DRX= 1.28s, 1 RS per 1 I-DRX, Low SINR, RA-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 2, Type B: NO
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 2, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, Low SINR, RA-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	Nokia,NSB [7]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR, CG-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR, CG-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	I-DRX= 1.28s, 1 RS per 1 I-DRX, Low SINR, CG-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, Low SINR, CG-SDT for reporting;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	xiaomi [8]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR, CG-SDT for reporting;
	K = 1, Type A: NO
K = 4, Type A: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 4, Type B: NO

	
	I-DRX= 1.28s, 1 RS per 8 I-DRX, High SINR, CG-SDT for reporting;
	K = 1, Type A: NO
	K = 1, Type A: NO

	Intel [9]
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR, CG-SDT for reporting;
	K = 1, Type A: NO
K = 4, Type A: NO
	K = 1, Type A: NO
K = 4, Type A: NO

	Sony [12]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR, CG-SDT for reporting;
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: NO
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 1.28s, 1 RS per 8 I-DRX, High SINR, CG-SDT for reporting;
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: NO
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR, CG-SDT for reporting;
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: NO



Table 2: Summary for results of UE-based DL positioning
	Source
	Evaluation case description
	Target requirement are met – Yes/No

	
	
	6 months
	12 months

	vivo [3]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	I-DRX= 1.28s, 1 RS per 1 I-DRX, Low SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, Low SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	Nokia,NSB [7]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR;
BWP switching; 
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	I-DRX= 1.28s, 1 RS per 1 I-DRX, Low SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, Low SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	xiaomi [8]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR;
	K = 1, Type A: NO
K = 4, Type A: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 4, Type B: NO

	
	I-DRX= 1.28s, 1 RS per 8 I-DRX, High SINR;
	K = 1, Type A: NO
	K = 1, Type A: NO

	Intel [9]
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR;
	K = 1, Type A: NO
K = 4, Type A: NO
	K = 1, Type A: NO
K = 4, Type A: NO



Table 3: Summary for results of UL positioning
	Source
	Evaluation case description
	Target requirement are met – Yes/No

	
	
	6 months
	12 months

	vivo [3]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	I-DRX= 1.28s, 1 RS per 1 I-DRX, Low SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, Low SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	Nokia,NSB [7]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	I-DRX= 1.28s, 1 RS per 1 I-DRX, Low SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, Low SINR;
BWP switching
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	xiaomi [8]
	I-DRX= 1.28s, 1 RS per 1 I-DRX, High SINR;
	K = 1, Type A: NO
K = 4, Type A: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 4, Type B: NO

	
	I-DRX= 1.28s, 1 RS per 8 I-DRX, High SINR;
	K = 1, Type A: NO
	K = 1, Type A: NO

	Intel [9]
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR;
No SRS (re)configuration
	K = 1, Type A: NO
K = 4, Type A: NO
	K = 1, Type A: NO
K = 4, Type A: NO

	
	I-DRX= 10.24s, 1 RS per 1 I-DRX, High SINR;
RA-SDT for SRS (re)configuration every 10.24s
	K = 1, Type A: NO
K = 4, Type A: NO
	K = 1, Type A: NO
K = 4, Type A: NO




3.1.2 Round 1 discussion
From the inputs, the observation made in the last RAN1 meeting is updated as follows:
[High] Proposed observation 1 (I)
Capture the following updated observation in TR 38.859 Section 6.4.3 (editorial modifications references for the sources can be made when incorporating into the TR):
· For the evaluation on the battery life of the baseline LPHAP Type A device with battery capacity C2 of 800mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with baseline implementation factor K = 1 and baseline evaluation assumptions.
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with optional implementation factor K or optional evaluation assumptions.
· For UE-assisted DL positioning, results are provided by 13 14 sources ([34], [36], [37] [3/vivo], [38] [7/Nokia, NSB], [40], [42] [12/Sony], [43], [44] [8/xiaomi], [45], [48], [50], [52], [53], [9/Intel]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 13 14 sources ([34],[36], [3/vivo][37], [7/Nokia, NSB][38],[40],  [12/Sony][42],[43], [8/xiaomi][44],[45],[48],[50],[52],[53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 13 14 sources ([34],[36], [3/vivo],[37], [7/Nokia, NSB][38],[40], [12/Sony][42],[43], [8/xiaomi][44],[45],[48],[50],[52],[53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.
· For UE-based DL positioning, results are provided by 10 11 sources ([34], [36], [3/vivo][37], [7/Nokia, NSB][38], [40], [43], [8/xiaomi] [44], [45], [50], [52],[9/Intel]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 10 11 sources ([34],[36], [3/vivo][37], [7/Nokia, NSB][38],[40],[43], [8/xiaomi][44],[45],[50],[52],[9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 10 11 sources ([34],[36], [3/vivo][37], [7/Nokia. NSB][38],[40],[43], [8/xiaomi][44],[45],[50],[52],[9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· For UL positioning, results are provided by 12 13 sources ([34], [36], [3/vivo][37], [7/Nokia, NSB][38], [40], [43], [8/xiaomi][44], [45], [48], [50], [52], [53], [9/Intel]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 12 13 sources ([34], [36], [3/vivo][37], [7/Nokia, NSB][38], [40], [43], [8/xiaomi] [44], [45], [48], [50], [52], [53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 12 13 sources ([34], [36], [3/vivo][37], [7/Nokia, NSB][38], [40], [43], [8/xiaomi][44], [45], [48], [50], [52], [53], [9/Intel]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· For DL+UL positioning, results are provided by 1 source ([52]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 1 source ([52][20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 1 source ([52][20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· For the evaluation on the battery life of the optional LPHAP Type B device with battery capacity C2 of 4500mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with the baseline implementation factor K=1 and baseline evaluation assumptions.
· For UE-assisted DL positioning, results are provided by 8 9 sources ([36], [3/vivo][37], [7/Nokia, NSB] [38], [12/Sony][42], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 4 5 sources ([36], [38],[45],[52], [8/xiaomi], [10/Sony]) with the implementation factor K = 4 and by 2 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2, and is not achieved by 6 5 sources with the implementation factor K < 4 ([36], [37],[38],[42],[45],[52], [8/xiaomi]) and by 2 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K < 2.
· The target requirement of 12 months is achieved by 3 5 sources ([43],[50],[52], [3/vivo], [7/Nokia. NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for reporting and implementation factor K = 4, and is not achieved by 8 9 sources ([36], [3/vivo][37], [7/Nokia, NSB][38], [10/Sony][42],[43],[45],[50],[52], [8/xiaomi]) with the implementation factor K < 4.
· For UE-based DL positioning, results are provided by 7 8 sources ([36], [3/vivo][37], [7/Nokia, NSB][38], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 4 sources ([36], [38],[45],[52], [8/xiaomi]) with the implementation factor K = 4 and by 2 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2 , and is not achieved by 5 4 sources with the implementation factor K < 4 ([36], [37],[38],[45],[52], [8/xiaomi]) and by 2 4 sources ([43],[50], [3/vivo], [7/Nokia, NSB]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 5 sources ([43],[50],[52], [3/vivo], [7/Nokia, NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4, and is not achieved by 7 8 sources ([36], [3/vivo] [37], [7/Nokia, NSB][38], [43], [45], [50], [52], [8/xiaomi]) with the implementation factor K < 4.
· For UL positioning, results are provided by 7 8 sources ([36], [3/vivo][37], [7/Nokia, NSB][38], [43], [45], [50], [52], [8/xiaomi]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 4 sources ([36], [38],[45],[52], [8/xiaomi]) with the implementation factor K = 4 and by 2 4 sources ([1143],[1850],[3/vivo], [7/Nokia, NSB]) with the implementation factor K >= 2, and is not achieved by 5 4 sources ([36], [37], [38],[45],[52], [8/xiaomi]) with the implementation factor K < 4 and by 2 4 sources ([43],[50],[3/vivo],[7/Nokia, NSB]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 5 sources ([43],[50],[52],[3/vivo],[7/Nokia, NSB]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4, and is not achieved by 7 8 sources ([36], [3/vivo][37], [7/Nokia, NSB][38], [43], [45], [50], [52], [8/xiaomi]) with the implementation factor K < 4.
· For DL+UL positioning, results are provided by 1 source ([52]) out of 20 sources, and the following are observed:
· The target requirement of 6 months is achieved by 1 source ([52]) with implementation factor K = 4, and is not achieved by 1 source ([52]) with implementation factor K < 4;
· The target requirement of 12 months is achieved by 1 source ([52]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4, and is not achieved by 1 source ([52]) with implementation factor K < 4.
· Note: The implementation factor K is a factor related to the reference device in the model to convert the relative power unit to the battery life. Four values are introduced for K with K = 1 as the baseline and K = 0.5, 2, 4 as optional values. The model is captured in the Annex A.4.
· Note: Without otherwise noted, “high SINR” in the observation refers to the evaluation case that no intra-/inter-frequency RRM and single SSB for synchronization purpose is considered.


	Company
	Comments

	ZTE
	OK

	Xiaomi
	Ok 

	Intel
	OK




3.2 Rel-18 potential enhancements
3.2.1 Summary of inputs
From reviewing submitted contributions in this meeting, 15 (HW/Hisilicon, vivo, Futurewei, CATT, Spreadtrum, Nokia/NSB, xiaomi, Intel, ZTE, Sony, CMCC, LGE, Samsung, Qualcomm, Ericsson) out of 19 companies provide results to evaluate performance gains and/or battery life of individual potential solutions and/or overall enhancements. The results are summarized below.

Extending DRX cycle
Evaluation results on slot-averaged power unit of extending DRX cycles are summarized in the following table (note that results of extended DRX cycle together with ultra-deep sleep state are captured in Table 8 of overall enhancements), to observe the performance gains that can be achieved by extending DRX cycles over the baseline DRX cycle of 1.28s. The corresponding observation is captured in Proposed observation 2.
Table 4: Summary for results of extending DRX cycle
	Source
	Evaluation case description
	Slot-averaged power unit (P2)
	Performance gain over baseline DRX cycle = 1.28s

	HW/Hisilicon [2]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	1.87
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 10.24s
	1.14
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 1.28s
	1.71
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 10.24s
	1.09
	

	
	UL, High SINR, Deep sleep, DRX = 1.28s
	1.53
	

	
	UL, High SINR, Deep sleep, DRX = 10.24s
	1.10
	

	vivo [3]
	UE-based DL, High SINR, Deep sleep, DRX = 1.28s;
	1.6801
	87%~90% power saving gains are achieved with DRX cycle of 30.72s

	
	UE-based DL, High SINR, Deep sleep, DRX = 2.56s;
	1.3400
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 5.12s;
	1.1700
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 10.24s;
	1.0850
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 20.48s;
	1.0425
	

	CATT [5]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s;
	2.3238
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 30.72s;
	1.0552
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 1.28s;
	1.6543
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 30.72s;
	[bookmark: OLE_LINK8][bookmark: OLE_LINK7]1.0273
	

	
	UL, High SINR, Deep sleep, DRX = 1.28s;
	1.6895
	

	
	UL, High SINR, Deep sleep, DRX = 30.72s;
	1.0287
	

	Nokia/NSB [7]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	2.064
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 10.24s
	1.133
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 20.48s
	1.066
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 30.72s
	1.044
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 1.28s
	1.639
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 10.24s
	1.080
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 20.48s
	1.040
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 30.72s
	1.027
	

	
	UL, High SINR, Deep sleep, DRX = 1.28s
	1.674
	

	
	UL, High SINR, Deep sleep, DRX = 10.24s
	1.084
	

	
	UL, High SINR, Deep sleep, DRX = 20.48s
	1.042
	

	
	UL, High SINR, Deep sleep, DRX = 30.72s
	1.028
	

	
	UE-assisted DL, Low SINR, Deep sleep, DRX = 1.28s
	3.246
	

	
	UE-assisted DL, Low SINR, Deep sleep, DRX = 10.24s
	1.281
	

	
	UE-assisted DL, Low SINR, Deep sleep, DRX = 20.48s
	1.140
	

	
	UE-assisted DL, Low SINR, Deep sleep, DRX = 30.72s
	1.094
	

	
	UE-based DL, Low SINR, Deep sleep, DRX = 1.28s
	2.470
	

	
	UE-based DL, Low SINR, Deep sleep, DRX = 10.24s
	1.184
	

	
	UE-based DL, Low SINR, Deep sleep, DRX = 20.48s
	1.092
	

	
	UE-based DL, Low SINR, Deep sleep, DRX = 30.72s
	1.061
	

	
	UL, Low SINR, Deep sleep, DRX = 1.28s
	2.696
	

	
	UL, Low SINR, Deep sleep, DRX = 10.24s
	1.212
	

	
	UL, Low SINR, Deep sleep, DRX = 20.48s
	1.106
	

	
	UL, Low SINR, Deep sleep, DRX = 30.72s
	1.071
	

	xiaomi [8]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	1.46
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 20.48s
	1.03
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 1.28s
	1.36
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 20.48s
	1.02
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 30.72s
	1.01
	

	
	UL, High SINR, Deep sleep, DRX = 1.28s
	1.39
	

	
	UL, High SINR, Deep sleep, DRX = 20.48s
	1.02
	

	Sony [12]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	2.68
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 10.24s
	1.2
	

	CMCC [13]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	2.59
	35.05%~53.70% power saving gains with DRX cycle of 10.24s;

37.56%~57.53% power saving gains are achieved with DRX cycle of 20.48s

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 10.24s
	1.20
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 20.48s
	1.10
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 1.28s
	1.67
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 10.24s
	1.08
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 20.48s
	1.04
	

	
	UL, High SINR, Deep sleep, DRX = 1.28s
	1.85
	

	
	UL, High SINR, Deep sleep, DRX = 10.24s
	1.11
	

	
	UL, High SINR, Deep sleep, DRX = 20.48s
	1.05
	

	LGE [16]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	3.5668
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 10.24s
	1.3209
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 1.28s
	2.6699
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 10.24s
	1.2087
	

	
	UL, High SINR, Deep sleep, DRX = 1.28s
	2.7168
	

	
	UL, High SINR, Deep sleep, DRX = 10.24s
	1.2146
	

	
	UE-assisted DL, Low SINR, Deep sleep, DRX = 1.28s
	6.5379
	

	
	UE-assisted DL, Low SINR, Deep sleep, DRX = 10.24s
	1.6922
	

	
	UE-based DL, Low SINR, Deep sleep, DRX = 1.28s
	4.0973
	

	
	UE-based DL, Low SINR, Deep sleep, DRX = 10.24s
	1.3876
	

	
	UL, Low SINR, Deep sleep, DRX = 1.28s
	4.1441
	

	
	UL, Low SINR, Deep sleep, DRX = 10.24s
	1.393
	

	Samsung [18]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	1.58
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 10.24s
	1.07
	

	
	UL, High SINR, Deep sleep, DRX = 1.28s
	1.42
	

	
	UL, High SINR, Deep sleep, DRX = 10.24s
	1.05
	

	
	UE-assisted DL, Low SINR, Deep sleep, DRX = 1.28s
	2.53
	

	
	UE-assisted DL, Low SINR, Deep sleep, DRX = 10.24s
	1.19
	

	
	UL, Low SINR, Deep sleep, DRX = 1.28s
	2.18
	

	
	UL, Low SINR, Deep sleep, DRX = 10.24s
	1.15
	

	Qualcomm [19]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	2.44
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 10.24s
	1.14
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 1.28s
	1.72
	

	
	UE-based DL, High SINR, Deep sleep, DRX = 10.24s
	1.09
	

	
	UL, High SINR, Deep sleep, DRX = 1.28s
	1.76
	

	
	UL, High SINR, Deep sleep, DRX = 10.24s
	1.09
	

	
	DL+UL, High SINR, Deep sleep, DRX = 1.28s
	2.70
	

	
	DL+UL, High SINR, Deep sleep, DRX = 10.24s
	1.19
	

	Ericsson [20]
	UE-assisted DL, High SINR, Deep sleep, DRX = 1.28s
	1.7986
	

	
	UE-assisted DL, High SINR, Deep sleep, DRX = 10.24s
	1.1440
	



SRS enhancements
Evaluation results on slot-averaged power unit of with and without SRS (re)configuration procedure and the power ratio taken by RA-SDT procedure for SRS (re)configuration (if any) are summarized in the following table, to observe the performance gains that can be achieved by SRS (re)configuration enhancement. The corresponding observation is captured in Proposed observation 3.
Table 5: Summary for results of SRS enhancements
	Source
	Evaluation case description
	Slot-averaged power unit (P2)
	Power ratio of SRS (re)configuration

	HW/Hisilicon [2]
	UL, High SINR, DRX = 10.24s, Ultra-deep sleep option 1;
No SRS (re)configuration;
	0.06
	-

	
	UL, High SINR, DRX = 10.24s, Ultra-deep sleep option 1;
RA-SDT for SRS (re)configuration every 61.44s;
	0.17
	65.2790%

	vivo [3]
	UL, High SINR, DRX = 1.28s, Deep sleep;
No SRS (re)configuration;
	1.6121
	-

	
	UL, High SINR, DRX = 10.24s, Deep sleep;
No SRS (re)configuration;
	1.0765
	-

	
	UL, High SINR, DRX = 1.28s, Deep sleep;
RA-SDT for SRS (re)configuration every 1.28s;
	2.7645
	

	
	UL, High SINR, DRX = 1.28s, Deep sleep;
RA-SDT for SRS (re)configuration every 10.24s;
	1.7526
	

	
	UL, High SINR, DRX = 1.28s, Deep sleep;
RA-SDT for SRS (re)configuration every 20.48s;
	1.6841
	

	
	UL, High SINR, DRX = 1.28s, Deep sleep;
RA-SDT for SRS (re)configuration every 40.96s;
	1.6481
	

	
	UL, High SINR, DRX = 1.28s, Deep sleep;
RA-SDT for SRS (re)configuration every 10.24s;
	1.2205
	

	
	UL, High SINR, DRX = 1.28s, Deep sleep;
RA-SDT for SRS (re)configuration every 20.48s;
	1.1485
	

	
	UL, High SINR, DRX = 1.28s, Deep sleep;
RA-SDT for SRS (re)configuration every 40.96s;
	1.1125
	

	Futurewei [4]
	UL, High SINR, DRX = 20.48s, Deep sleep;
RA-SDT for SRS (re)configuration every 20.48s;
	-
	23.81%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 10000;
RA-SDT for SRS (re)configuration every 20.48s;
	-
	52.62%

	
	DL+UL, High SINR, DRX = 20.48s, Deep sleep;
RA-SDT for SRS (re)configuration every 20.48s;
	-
	21.65%

	
	DL+UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 10000;
RA-SDT for SRS (re)configuration every 20.48s;
	-
	26.54%

	Intel [9]
	UL, High SINR, DRX = 10.24s, Deep sleep;
No SRS (re)configuration;
	1.0996
	

	
	UL, High SINR, DRX = 20.48s, Deep sleep;
No SRS (re)configuration;
	1.0498
	

	
	UL, High SINR, DRX = 10.24s, Ultra-deep sleep option 1 w transition energy 10000;
No SRS (re)configuration;
	0.5832
	

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 10000;
No SRS (re)configuration;
	0.2991
	

	
	UL, High SINR, DRX = 30.72s, Ultra-deep sleep option 1 w transition energy 10000;
No SRS (re)configuration;
	0.2044
	

	
	UL, High SINR, DRX = 10.24s, Ultra-deep sleep option 1 w transition energy 5000;
No SRS (re)configuration;
	0.3391
	

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 5000;
No SRS (re)configuration;
	0.1770
	

	
	UL, High SINR, DRX = 30.72s, Ultra-deep sleep option 1 w transition energy 5000;
No SRS (re)configuration;
	0.1230
	

	
	UL, High SINR, DRX = 10.24s, Deep sleep;
RA-SDT for SRS (re)configuration every 8 DRX cycles;
	1.1278
	

	
	UL, High SINR, DRX = 20.48s, Deep sleep;
RA-SDT for SRS (re)configuration every 8 DRX cycles;
	1.0639
	

	
	UL, High SINR, DRX = 10.24s, Ultra-deep sleep option 1 w transition energy 10000;
RA-SDT for SRS (re)configuration every 8 DRX cycles;
	0.6118
	

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 10000;
RA-SDT for SRS (re)configuration every 8 DRX cycles;
	0.3134
	

	
	UL, High SINR, DRX = 30.72s, Ultra-deep sleep option 1 w transition energy 10000;
RA-SDT for SRS (re)configuration every 8 DRX cycles;
	0.2139
	

	
	UL, High SINR, DRX = 10.24s, Ultra-deep sleep option 1 w transition energy 5000;
RA-SDT for SRS (re)configuration every 8 DRX cycles;
	0.3676
	

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 5000;
RA-SDT for SRS (re)configuration every 8 DRX cycles;
	0.1913
	

	
	UL, High SINR, DRX = 30.72s, Ultra-deep sleep option 1 w transition energy 5000;
RA-SDT for SRS (re)configuration every 8 DRX cycles;
	0.1325
	

	ZTE [11]
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 10000;
No SRS (re)configuration;
	0.28
	-

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 5000;
No SRS (re)configuration;
	0.16
	-

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 2;
No SRS (re)configuration;
	0.04
	-

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 10000;
RA-SDT for SRS (re)configuration every 20.48s;
	0.43
	34.4%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 10000;
RA-SDT for SRS (re)configuration every 40.96s;
	0.35
	20.8%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 10000;
RA-SDT for SRS (re)configuration every 81.92s;
	0.32
	11.6%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 5000;
RA-SDT for SRS (re)configuration every 20.48s;
	0.30
	48.2%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 5000;
RA-SDT for SRS (re)configuration every 40.96s;
	0.23
	31.8%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 1 w transition energy 5000;
RA-SDT for SRS (re)configuration every 81.92s;
	0.19
	18.9%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 2;
RA-SDT for SRS (re)configuration every 20.48s;
	0.19
	77.5%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 2;
RA-SDT for SRS (re)configuration every 40.96s;
	0.12
	63.2%

	
	UL, High SINR, DRX = 20.48s, Ultra-deep sleep option 2;
RA-SDT for SRS (re)configuration every 81.92s;
	0.08
	46.2%

	CMCC [13]
	UL, High SINR, DRX = 1.28s, Deep sleep;
No SRS (re)configuration every 1.28s;
	1.85
	-

	
	UL, High SINR, DRX = 10.24s, Deep sleep;
No SRS (re)configuration every 10.24s;
	1.11
	-

	
	UL, High SINR, DRX = 20.48s, Deep sleep;
No SRS (re)configuration every 20.48s;
	1.05
	-

	
	UL, High SINR, DRX = 1.28s, Deep sleep;
RA-SDT for SRS (re)configuration every 1.28s;
	4.11
	52.41%

	
	UL, High SINR, DRX = 10.24s, Deep sleep;
RA-SDT for SRS (re)configuration every 10.24s;
	1.39
	19.40%

	
	UL, High SINR, DRX = 20.48s, Deep sleep;
RA-SDT for SRS (re)configuration every 20.48s;
	1.19
	11.28%

	Qualcomm [19]
	UL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
No SRS (re)configuration every 1.28s;
	1.76
	-

	
	UL, High SINR, DRX = 1.28s, 1 RS per 8 DRX; Deep sleep;
No SRS (re)configuration every 10.24s;
	1.53
	-

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
No SRS (re)configuration every 10.24s;
	1.09
	-

	
	UL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
RA-SDT for SRS (re)configuration every 1.28s;
	6.99
	

	
	UL, High SINR, DRX = 1.28s, 1 RS per 8 DRX; Deep sleep;
RA-SDT for SRS (re)configuration every 10.24s;
	2.18
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
RA-SDT for SRS (re)configuration every 10.24s;
	1.75
	

	
	DL+UL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
No SRS (re)configuration every 1.28s;
	2.70
	-

	
	DL+UL, High SINR, DRX = 1.28s, 1 RS per 8 DRX; Deep sleep;
No SRS (re)configuration every 10.24s;
	1.63
	-

	
	DL+UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
No SRS (re)configuration every 10.24s;
	1.19
	-

	
	DL+UL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
RA-SDT for SRS (re)configuration every 1.28s;
	7.76
	

	
	DL+UL, High SINR, DRX = 1.28s, 1 RS per 8 DRX; Deep sleep;
RA-SDT for SRS (re)configuration every 10.24s;
	2.26
	

	
	DL+UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
RA-SDT for SRS (re)configuration every 10.24s;
	1.85
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
SDT with minimal latency to pre-configure SRS;
	1.33
	

	
	DL+UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
SDT with minimal latency to pre-configure SRS;
	1.42
	



Minimized gaps between paging/RS/reporting/synchronization
Evaluation results on slot-averaged power unit of with and without minimizing gaps between paging/RS/reporting/synchronization are summarized in the following table, to observe the performance gains that can be achieved by minimizing gaps between paging/RS/reporting/synchronization. The corresponding observation is captured in Proposed observation 4.
Table 6: Summary for results of minimized gaps between paging/RS/reporting/synchronization
	Source
	Evaluation case description
	Slot-averaged power unit (P2)
	Performance gain over no minimized gaps

	HW/Hisilicon [2]
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 2;
SSB for synchronization;
	0.06
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 2;
TRS for synchronization;
	0.05
	

	Sony [12]
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	4.15
	8%~35% power saving gains are achieved with sleep states in TR 38.840;

12.7%~44.5% power saving gains are achieved with ultra-deep sleep state option 1 with additional transition energy 10000

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 8 DRX; Deep sleep;
No minimized gaps;
	2.2
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.4
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
No minimized gaps;
	3.37
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 8 DRX; Ultra-deep sleep option 1 w transition energy 10000;
No minimized gaps;
	1.5
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
No minimized gaps;
	0.55
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	2.68
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 8 DRX; Deep sleep;
Minimized gaps;
	2.1
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.2
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
Minimized gaps;
	1.87
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 8 DRX; Ultra-deep sleep option 1 w transition energy 10000;
Minimized gaps;
	1.28
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
Minimized gaps;
	0.36
	

	CMCC [13]
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	2.59
	5.48%~15.59% power saving gains are achieved for DRX cycle 1.28s;

1.05%~3.60% power saving gains are achieved for DRX cycle 10.24s;

0.54%~1.96% power saving gains are achieved for DRX cycle 20.48s

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.20
	

	
	UE-assisted DL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.10
	

	
	UE-based DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.67
	

	
	UE-based DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.08
	

	
	UE-based DL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.04
	

	
	UL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.85
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.11
	

	
	UL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.05
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	2.24
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.16
	

	
	UE-assisted DL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.08
	

	
	UE-based DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.58
	

	
	UE-based DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.07
	

	
	UE-based DL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.04
	

	
	UL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.56
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.07
	

	
	UL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.04
	

	ZTE [11]
	UE-based DL, High SINR, DRX = 10.24s; Ultra-deep sleep option 1 w transition energy 10000
UE wakes up to only perform positioning in some DRX cycles 
	0.522660522
	

	
	UE-based DL, High SINR, DRX = 10.24s; Ultra-deep sleep option 1 w transition energy 5000
UE wakes up to only perform positioning in some DRX cycles
	0.278519897
	

	
	UE-based DL, High SINR, DRX = 10.24s; Ultra-deep sleep option 2
UE wakes up to only perform positioning in some DRX cycles
	0.058366089
	

	
	UE-based DL, High SINR, DRX = 10.24s; Ultra-deep sleep option 1 w transition energy 10000
UE wakes up to monitor both paging and PRS 
	0.294423584
	

	
	UE-based DL, High SINR, DRX = 10.24s; Ultra-deep sleep option 1 w transition energy 5000
UE wakes up to monitor both paging and PRS
	0.172353271
	

	
	UE-based DL, High SINR, DRX = 10.24s; Ultra-deep sleep option 2
UE wakes up to monitor both paging and PRS
	0.057289063
	

	Samsung [18]
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
No minimized gaps;
	0.56
	

	
	UE-assisted DL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
No minimized gaps;
	0.29
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
No minimized gaps;
	0.54
	

	
	UL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
No minimized gaps;
	0.28
	

	
	UE-assisted DL, Low SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
No minimized gaps;
	0.68
	

	
	UE-assisted DL, Low SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
No minimized gaps;
	0.35
	

	
	UL, Low SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
No minimized gaps;
	0.64
	

	
	UL, Low SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
No minimized gaps;
	0.33
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
Paging triggered positioning;
	0.53
	

	
	UE-assisted DL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
Paging triggered positioning;
	0.27
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
Paging triggered positioning;
	0.52
	

	
	UL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
Paging triggered positioning;
	0.27
	

	
	UE-assisted DL, Low SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
Paging triggered positioning;
	0.63
	

	
	UE-assisted DL, Low SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
Paging triggered positioning;
	0.32
	

	
	UL, Low SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
Paging triggered positioning;
	0.62
	

	
	UL, Low SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
Paging triggered positioning;
	0.32
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
PEI triggered positioning;
	0.52
	

	
	UE-assisted DL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
PEI triggered positioning;
	0.27
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
PEI triggered positioning;
	0.52
	

	
	UL, High SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
PEI triggered positioning;
	0.27
	

	
	UE-assisted DL, Low SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
PEI triggered positioning;
	0.52
	

	
	UE-assisted DL, Low SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
PEI triggered positioning;
	0.27
	

	
	UL, Low SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
PEI triggered positioning;
	0.52
	

	
	UL, Low SINR, DRX = 20.48s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000
PEI triggered positioning;
	0.27
	

	Ericsson [20]
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.7986
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.1440
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1.0958
	

	
	UL, High SINR, DRX = 30.72s, 1 RS per 1 DRX; Deep sleep;
No minimized gaps;
	1. 0319
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
No minimized gaps;
	0.8585
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
No minimized gaps;
	0.1649
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
No minimized gaps;
	0. 1138
	

	
	UL, High SINR, DRX = 30.72s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
No minimized gaps;
	0. 0479
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.5630
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1.1084
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1. 0564
	

	
	UL, High SINR, DRX = 30.72s, 1 RS per 1 DRX; Deep sleep;
Minimized gaps;
	1. 0188
	

	
	UE-assisted DL, High SINR, DRX = 1.28s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
Minimized gaps;
	0.5953
	

	
	UE-assisted DL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
Minimized gaps;
	0.1258
	

	
	UL, High SINR, DRX = 10.24s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
Minimized gaps;
	0. 0728
	

	
	UL, High SINR, DRX = 30.72s, 1 RS per 1 DRX; Ultra-deep sleep option 1 w transition energy 10000;
Minimized gaps;
	0. 0343
	



PRS configuration enhancements
Evaluation results on slot-averaged power unit of with and without PRS configuration enhancements are summarized in the following table. The corresponding observation is captured in Proposed observation 5. 
Table 7: Summary for results of PRS configuration
	Source
	Evaluation case description
	Slot-averaged power unit (P2)
	Battery life (in months)

	ZTE [11]
	UE-assisted DL, DRX = 10.24s, 1 RS per DRX, Ultra-deep sleep option 1 w transition energy 10000;
Baseline PRS measurement power model;
	0.59
	1.25

	
	UE-assisted DL, DRX = 10.24s, 1 RS per DRX, Ultra-deep sleep option 1 w transition energy 5000;
Baseline PRS measurement power model;
	0.35
	2.12

	
	UE-assisted DL, DRX = 10.24s, 1 RS per DRX, Ultra-deep sleep option 2;
Baseline PRS measurement power model;
	0.12
	5.95

	
	UE-assisted DL, DRX = 10.24s, 1 RS per DRX, Ultra-deep sleep option 1 w transition energy 10000;
1-symbol PRS configuration;
	0.59
	1.25

	
	UE-assisted DL, DRX = 10.24s, 1 RS per DRX, Ultra-deep sleep option 1 w transition energy 5000;
1-symbol PRS configuration;
	0.34
	2.13 

	
	UE-assisted DL, DRX = 10.24s, 1 RS per DRX, Ultra-deep sleep option 2;
1-symbol PRS configuration;
	0.12
	6.02



Overall enhancements
Evaluation results on overall enhancements including extended DRX cycle, ultra-deep sleep state, minimized gaps, and/or SRS enhancements are summarized in the following table, to conclude whether the potential solutions can meet the target battery life of 6~12 months. The corresponding observation is captured in Proposed observation 6.
Table 8: Summary for results of overall enhancements
	Source
	Evaluation case description
	Target requirement are met – Yes/No

	
	
	6 months
	12 months

	HW/Hisilicon [2]
	UE-assisted DL positioning; 
RS = 10.24s, paging = 10.24s, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, paging = 10.24s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, paging = 20.48s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, paging = 40.96s, High SINR;
Cell access procedures per 10.24s;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, paging = 81.92s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, no paging, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, paging = 10.24s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, paging = 20.48s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, paging = 40.96s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, paging = 81.92s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized; No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, no paging, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, paging = 20.48s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000 + Ultra-deep sleep option 2;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, paging = 40.96s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000 + Ultra-deep sleep option 2;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, paging = 81.92s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000 + Ultra-deep sleep option 2;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-based DL positioning; 
RS = 10.24s, no paging, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 2;
	K = 1, Type A: YES
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, paging = 20.48s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000 + Ultra-deep sleep option 2;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, paging = 40.96s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000 + Ultra-deep sleep option 2;
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, paging = 81.92s, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000 + Ultra-deep sleep option 2;
	K = 1, Type A: YES
	K = 1, Type A: NO

	
	UL positioning; 
RS = 10.24s, no paging, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 2;
	K = 1, Type A: YES
	K = 1, Type A: YES

	vivo [3]
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: YES
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized; 
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: YES
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	CATT [4]
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 1, Type B: YES
	K = 1, Type A: NO
K = 1, Type B: YES

	Spreadtrum [6]
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
No SRS (re)configuration;
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	Nokia/NSB [7]
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, Low SINR; CG-SDT for reporting
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, Low SINR; CG-SDT for reporting
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 30.72s, 1 RS per 1 DRX, Low SINR; CG-SDT for reporting
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, Low SINR;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, Low SINR;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, Low SINR;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000;
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, Low SINR;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: NO
K = 4, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, Low SINR;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, Low SINR;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	xiaomi [8]
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO 
K = 4, Type A: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES

	
	UE-assisted DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Ultra-deep sleep option 2
	K = 1, Type A: YES
	K = 1, Type A: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO 
K = 4, Type A: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES

	
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 2
	K = 1, Type A: YES
	K = 1, Type A: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO 
K = 4, Type A: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 2
	K = 1, Type A: YES
	K = 1, Type A: YES

	Intel [9]
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UE-assisted DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	
	UE-assisted DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: NO

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: YES
K = 4, Type A: YES
	K = 1, Type A: NO
K = 4, Type A: YES

	ZTE [11]
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: NO

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES

	
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: NO
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: NO

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: NO
K = 1, Type B: YES

	
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 2
	K = 0.5, Type A: NO
K = 1, Type A: NO
	K = 0.5, Type A: NO
K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 2
	K = 0.5, Type A: NO
K = 1, Type A: YES
	K = 0.5, Type A: NO
K = 1, Type A: NO

	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES


	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES


	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES


	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 2
	K = 0.5, Type A: NO
K = 1, Type A: YES
	K = 0.5, Type A: NO
K = 1, Type A: NO


	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 2
	K = 0.5, Type A: YES
K = 1, Type A: YES
	K = 0.5, Type A: NO
K = 1, Type A: YES


	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: NO

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 2
	K = 0.5, Type A: NO
K = 1, Type A: YES
	K = 0.5, Type A: NO
K = 1, Type A: NO

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 2
	K = 0.5, Type A: YES
K = 1, Type A: YES
	K = 0.5, Type A: NO
K = 1, Type A: YES

	
	DL+UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: NO

	
	DL+UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES

	
	DL+UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 0.5, Type B: NO
K = 1, Type B: YES

	
	DL+UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: YES
K = 1, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: YES
K = 0.5, Type B: NO
K = 1, Type B: YES

	
	DL+UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 2
	K = 0.5, Type A: NO
K = 1, Type A: YES
	K = 0.5, Type A: NO
K = 1, Type A: NO

	
	DL+UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 2
	K = 0.5, Type A: NO
K = 1, Type A: YES
	K = 0.5, Type A: NO
K = 1, Type A: NO

	Sony [12]
	UE-assisted DL;
DRX = 1.28s, 1 RS per 1 DRX, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: NO

	
	UE-assisted DL;
DRX = 1.28s, 1 RS per 8 DRX, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: NO

	
	UE-assisted DL;
DRX = 10.24, 1 RS per 1 DRX, High SINR, CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: YES

	CMCC [13]
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, no paging, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 2
	K = 1, Type A: YES
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, no paging, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 2
	K = 1, Type A: YES
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: YES
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 5000
	K = 1, Type A: NO
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 2, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, no paging, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 2
	K = 1, Type A: YES
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: YES
K = 2, Type A: YES
K = 4, Type A: YES
K = 1, Type B: YES
K = 2, Type B: YES
K = 4, Type B: YES

	Samsung [18]
	UE-assisted DL;
DRX = 1.28s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 1.28s, 1 RS per 8 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 1.28s, 1 RS per 1 DRX, Low SINR; RA-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 1.28s, 1 RS per 8 DRX, Low SINR; RA-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, Low SINR; RA-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, Low SINR; RA-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 1.28s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 1.28s, 1 RS per 8 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 1.28s, 1 RS per 1 DRX, Low SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 1.28s, 1 RS per 8 DRX, Low SINR; 
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, Low SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, Low SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	Qualcomm [19]
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES

	
	UE-assisted DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: YES

	
	UE-based DL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES

	
	UE-based DL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: YES

	
	UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES

	
	DL+UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: NO
K = 4, Type B: YES

	
	DL+UL;
DRX = 20.48s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: NO
K = 1, Type B: YES
K = 4, Type B: YES

	
	DL+UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES
	K = 1, Type A: NO
K = 4, Type A: YES
K = 1, Type B: YES
K = 4, Type B: YES

	Ericsson [20]
	UE-assisted DL;
DRX = 1.28s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UE-assisted DL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: NO
	K = 1, Type A: NO

	
	UL;
DRX = 10.24s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: YES
	K = 1, Type A: NO

	
	UL;
DRX = 30.72s, 1 RS per 1 DRX, High SINR; CG-SDT for reporting;
Gaps between PRS/SRS/paging/reporting is minimized;
No SRS (re)configuration
Ultra-deep sleep option 1 w transition energy 10000
	K = 1, Type A: YES
	K = 1, Type A: YES



Overall enhancements
Evaluations results on overall enhancements including extended DRX cycle, ultra-deep sleep state, minimized gaps, and/or SRS enhancements are provided by 13 sources (HW/Hisilicon, vivo, CATT, Spreadtrum, Nokia/NSB, xiaomi, Intel, ZTE, Sony, CMCC, Samsung, Qualcomm, Ericsson) out of 19 sources. To be specific, 
· For ultra-deep sleep option 1 with additional transition energy 10000:
· Results are presented by 13 sources (HW/Hisilicon, vivo, CATT, Spreadtrum, Nokia/NSB, xiaomi, Intel, ZTE, Sony, CMCC, Samsung, Qualcomm, Ericsson) out of 19 sources, and the following is observed:
· For UE-assisted DL positioning with LPHAP Type A device (12 sources in total):
· Target requirement of 6 months: 
· YES: 7 [vivo (K = 2,4), Nokia/NSB (K = 2,4), xiaomi (K = 2,4), Intel (K = 4), ZTE (K = 4), CMCC (K = 4), Qualcomm (K = 4)]; 
· NO: 12 [HW/Hisilicon (K = 1), vivo (K = 1); Spreadtrum (K = 1,2,4), Nokia/NSB (K = 1), xiaomi (K = 1), Intel (K = 1); ZTE (K = 1); Sony (K = 1,4), CMCC (K = 1, 2), Samsung (K = 1), Qualcomm (K = 1), Ericsson (K = 1)];
· Target requirement of 12 months: 
· YES: 5 [vivo (K = 4), Nokia/NSB (K = 4), xiaomi (K = 4), Intel (K = 4), Qualcomm (K = 4)]; 
· NO: 12 [HW/Hisilicon (K = 1), vivo (K = 1,2), Spreadtrum (K = 1,2,4), Nokia/NBS (K = 1,2), xiaomi (K = 1,2); Intel (K = 1); ZTE (K = 1, 4); Sony (K = 1,4), CMCC (K = 1,2,4); Samsung (K = 1), Qualcomm (K = 1), Ericsson (K = 1)];
· For UE-based DL positioning with LPHAP Type A device (10 sources in total):
· Target requirement of 6 months: 
· YES: 7 [vivo (K = 2,4), Nokia/NSB (K = 2,4), xiaomi (K = 2, 4), Intel (K = 4), ZTE (K = 4), CMCC (K = 4), Qualcomm (K = 4)]; 
· NO: 10 [HW/Hisilicon (K = 1), vivo (K = 1), CATT (K = 1), Spreadtrum (K = 1,2,4), Nokia/NSB (K = 1), xiaomi (K = 1), Intel (K = 1); ZTE (K = 1); CMCC (K = 1,2); Qualcomm (K = 1)];
· Target requirement of 12 months: 
· YES: 5 [vivo (K = 4), Nokia/NSB (K = 4), xiaomi (K = 4), Intel (K = 4), Qualcomm (K = 4)]; 
· NO: 10 [HW/Hisilicon (K = 1), vivo (K = 1,2), CATT (K = 1), Spreadtrum (K = 1,2,4), Nokia/NSB (K = 1,2), xiaomi (K = 1,2), Intel (K = 1); ZTE (K = 1,4); CMCC (K = 1,2,4), Qualcomm (K = 1)];
· For UL positioning with LPHAP Type A device (11 sources in total):
· Target requirement of 6 months: 
· YES: 8 [vivo (K = 2,4), Nokia/NSB (K = 2,4), xiaomi (K = 2,4), Intel (K = 4), ZTE (K = 4), CMCC (K = 4), Qualcomm (K = 4), Ericsson (K = 1)]; 
· NO: 10 [HW/Hisilicon (K = 1), vivo (K = 1); Spreadtrum (K = 1,2,4), Nokia/NSB (K = 1), xiaomi (K = 1), Intel (K = 1); ZTE (K = 1); CMCC (K = 1,2); Samsung (K = 1), Qualcomm (K = 1)];
· Target requirement of 12 months: 
· YES: 6 [vivo (K = 4), Nokia/NSB (K = 4), xiaomi (K = 4), Intel (K = 4), Qualcomm (K = 4), Ericson (K = 1)]; 
· NO: 10 [HW/Hisilicon (K = 1), vivo (K = 1,2), Spreadtrum (K = 1,2,4), Nokia/NSB (K = 1,2), xiaomi (K = 1,2), Intel (K = 1); ZTE (K = 1,4); CMCC (K = 1,2,4); Samsung (K = 1), Qualcomm (K = 1)];
· For DL+UL positioning with LPHAP Type A device (2 sources in total):
· Target requirement of 6 months: 
· YES: 2 [ZTE (K = 4), Qualcomm (K = 4)]; 
· NO: 2 [ZTE (K = 1); Qualcomm (K = 1)];
· Target requirement of 12 months: 
· YES: 1 [Qualcomm (K = 4)]; 
· NO: 2 [ZTE (K = 1,4); Qualcomm (K = 1)];
· For UE-assisted DL positioning with LPHAP Type B device (8 sources in total):
· Target requirement of 6 months: 
· YES: 8 [vivo (K = 1,2,4), Spreadtrum (K = 2,4), Nokia/NSB (K = 1,2,4), xiaomi (K = 1), ZTE (K = 0.5, 1), Sony (K = 1,4), CMCC (K = 1,2,4), Qualcomm (K = 1,4)]; 
· NO: 1 [Spreadtrum (K = 1)];
· Target requirement of 12 months: 
· YES: 8 [vivo (K = 1,2,4), Spreadtrum (K = 4), Nokia/NSB (K = 1,2,4), xiaomi (K = 1), ZTE (K = 1), Sony (K = 4), CMCC (K = 1,2,4), Qualcomm (K = 1,4)]; 
· NO: 3 [Spreadtrum (K = 1,2), ZTE (K = 0.5); Sony (K = 1)];
· For UE-based DL positioning with LPHAP Type B device (8 sources in total):
· Target requirement of 6 months: 
· YES: 8 [vivo (K = 1,2,4), CATT (K = 1), Spreadtrum (K = 2,4), Nokia/NSB (K = 1,2,4), xiaomi (K = 1), ZTE (K = 0.5, 1), CMCC (K = 1,2,4), Qualcomm (K = 1,4)]; 
· NO: 1 [Spreadtrum (K = 1)];
· Target requirement of 12 months: 
· YES: 8 [vivo (K = 1,2,4), CATT (K = 1), Spreadtrum (K = 4), Nokia/NSB (K = 1,2,4), xiaomi (K = 1), ZTE (K = 1), CMCC (K = 1,2,4), Qualcomm (K = 1,4)]; 
· NO: 2 [Spreadtrum (K = 1,2), ZTE (K = 0.5)];
· For UL positioning with LPHAP Type B device (7 sources in total):
· Target requirement of 6 months: 
· YES: 7 [vivo (K = 1,2,4), Spreadtrum (K = 2,4), Nokia/NSB (K = 1,2,4), xiaomi (K = 1), ZTE (K = 0.5, 1), CMCC (K = 1,2,4), Qualcomm (K = 1,4)]; 
· NO: 1 [Spreadtrum (K = 1)];
· Target requirement of 12 months: 
· YES: 7 [vivo (K = 1,2,4), Spreadtrum (K = 4), Nokia/NSB (K = 1,2,4), xiaomi (K = 1), ZTE (K = 1), CMCC (K = 1,2,4), Qualcomm (K = 1,4)]; 
· NO: 2 [Spreadtrum (K = 1,2), ZTE (K = 0.5)];
· For DL+UL positioning with LPHAP Type B device (2 sources in total):
· Target requirement of 6 months: 
· YES: 2 [ZTE (K = 0.5,1), Qualcomm (K = 1,4)]; 
· NO: 0
· Target requirement of 12 months: 
· YES: 2 [ZTE (K = 1), Qualcomm (K = 1,4)]; 
· NO: 1 [ZTE (K = 0.5)];
· For ultra-deep sleep option 1 with additional transition energy 5000:
· Results are presented by 4 sources (vivo, Intel, ZTE, CMCC) out of 19 sources, and the following is observed:
· For UE-assisted DL positioning with LPHAP Type A device (4 sources in total):
· Target requirement of 6 months: 
· YES: 4 [vivo (K = 2,4), Intel (K = 4), ZTE (K = 4), CMCC (K = 2,4)]; 
· NO: 4 [vivo (K = 1); Intel (K = 1); ZTE (K = 1); CMCC (K = 1)];
· Target requirement of 12 months: 
· YES: 4 [vivo (K = 4), Intel (K = 4), ZTE (K = 4), CMCC (K = 4)]; 
· NO: 4 [vivo (K = 1,2), Intel (K = 1); ZTE (K = 1); CMCC (K = 1,2)];
· For UE-based DL positioning with LPHAP Type A device (4 sources in total):
· Target requirement of 6 months: 
· YES: 4 [vivo (K = 1,2,4), Intel (K = 4), ZTE (K = 4), CMCC (K = 2, 4)]; 
· NO: 3 [Intel (K = 1); ZTE (K = 1); CMCC (K = 1)];
· Target requirement of 12 months: 
· YES: 4 [vivo (K = 2,4), Intel (K = 4), ZTE (K = 4), CMCC (K = 4)]; 
· NO: 4 [vivo (K = 1), Intel (K = 1); ZTE (K = 1); CMCC (K = 1,2)];
· For UL positioning with LPHAP Type A device (4 sources in total):
· Target requirement of 6 months: 
· YES: 4 [vivo (K = 1,2,4), Intel (K = 1,4), ZTE (K = 4), CMCC (K = 2, 4)]; 
· NO: 2 [ZTE (K = 1); CMCC (K = 1)];
· Target requirement of 12 months: 
· YES: 4 [vivo (K = 2,4), Intel (K = 4), ZTE (K = 4), CMCC (K = 4)]; 
· NO: 4 [vivo (K = 1), Intel (K = 1); ZTE (K = 1); CMCC (K = 1,2)];
· For DL+UL positioning with LPHAP Type A device (1 source in total):
· Target requirement of 6 months: 
· YES: 1 [ZTE (K = 4)]; 
· NO: 1 [ZTE (K = 1)];
· Target requirement of 12 months: 
· YES: 1 [ZTE (K = 4)]; 
· NO: 1 [ZTE (K = 1)];
· For UE-assisted DL positioning with LPHAP Type B device (3 sources in total):
· Target requirement of 6 months: 
· YES: 3 [vivo (K = 1,2,4) ZTE (K = 0.5,1), CMCC (K = 1,2,4)]; 
· NO: 0;
· Target requirement of 12 months: 
· YES: 3 [vivo (K = 1,2,4), ZTE (K = 1), CMCC (K = 1,2,4)]; 
· NO: 1 [ZTE (K = 0.5)];
· For UE-based DL positioning with LPHAP Type B device (3 sources in total):
· Target requirement of 6 months: 
· YES: 3 [vivo (K = 1,2,4), ZTE (K = 0.5,1), CMCC (K = 1,2,4)]; 
· NO: 0;
· Target requirement of 12 months: 
· YES: 3 [vivo (K = 1,2,4), ZTE (K = 0.5,1), CMCC (K = 1,2,4)]; 
· NO: 0
· For UL positioning with LPHAP Type B device (3 sources in total):
· Target requirement of 6 months: 
· YES: 3 [vivo (K = 1,2,4), ZTE (K = 0.5,1), CMCC (K = 1,2,4)]; 
· NO: 0;
· Target requirement of 12 months: 
· YES: 3 [vivo (K = 1,2,4), ZTE (K = 0.5,1), CMCC (K = 1,2,4)]; 
· NO: 0
· For DL+UL positioning with LPHAP Type B device (1 source in total):
· Target requirement of 6 months: 
· YES: 1 [ZTE (K = 0.5,1)]; 
· NO: 0
· Target requirement of 12 months: 
· YES: 1 [ZTE (K = 1)]; 
· NO: 1 [ZTE (K = 0.5)];
· For ultra-deep sleep option 2 (including TDMed with ultra-deep sleep option 1):
· Results are presented by 4 sources (HW/Hisilicon, xiaomi, ZTE, CMCC) out of 19 sources, and the following is observed:
· For UE-assisted DL positioning with LPHAP Type A device (3 sources in total):
· Target requirement of 6 months: 
· YES: 3 [xiaomi (K = 1), ZTE (K = 1), CMCC (K = 1,2,4)]; 
· NO: 1 [ZTE (K = 0.5);];
· Target requirement of 12 months: 
· YES: 2 [xiaomi (K = 1), CMCC (K = 2,4)]; 
· NO: 2 [ZTE (K = 0.5,1); CMCC (K = 1)];
· For UE-based DL positioning with LPHAP Type A device (4 sources in total):
· Target requirement of 6 months: 
· YES: 4 [HW/Hisilicon (K = 1), xiaomi (K = 1), ZTE (K = 0.5,1), CMCC (K = 1,2,4)]; 
· NO: 0
· Target requirement of 12 months: 
· YES: 2 [ZTE (K = 1), CMCC (K = 1,2,4)]; 
· NO: 2 [HW/Hisilicon (K = 1), ZTE (K = 0.5)];
· For UL positioning with LPHAP Type A device (4 sources in total):
· Target requirement of 6 months: 
· YES: 4 [HW/Hisilicon (K = 1), xiaomi (K = 1), ZTE (K = 0.5,1), CMCC (K = 1,2,4)]; 
· NO: 0;
· Target requirement of 12 months: 
· YES: 4 [HW/Hisilicon (K = 1), xiaomi (K = 1), ZTE (K = 1), CMCC (K = 1,2,4)]; 
· NO: 1 [ZTE (K = 0.5)];
· For DL+UL positioning with LPHAP Type A device (1 source in total):
· Target requirement of 6 months: 
· YES: 1 [ZTE (K = 1)]; 
· NO: 1 [ZTE (K = 0.5)]
· Target requirement of 12 months: 
· YES: 0; 
· NO: 1 [ZTE (K = 0.5,1)];
· For UE-assisted DL positioning with LPHAP Type B device (1 source in total):
· Target requirement of 6 months: 
· YES: 1 [CMCC (K = 1,2,4)]; 
· NO: 0;
· Target requirement of 12 months: 
· YES: 1 [CMCC (K = 1,2,4)]; 
· NO: 0;
· For UE-based DL positioning with LPHAP Type B device (1 source in total):
· Target requirement of 6 months: 
· YES: 1 [CMCC (K = 1,2,4)]; 
· NO: 0;
· Target requirement of 12 months: 
· YES: 1 [CMCC (K = 1,2,4)]; 
· NO: 0
· For UL positioning with LPHAP Type B device (1 source in total):
· Target requirement of 6 months: 
· YES: 1 [CMCC (K = 1,2,4)]; 
· NO: 0;
· Target requirement of 12 months: 
· YES: 1 [CMCC (K = 1,2,4)]; 
· NO: 0

3.2.2 Round 1 discussion
FL comments: From the inputs, the following observations are formulated:

[High] Proposed observation 2 (I)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of extending DRX cycle are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, the following is observed:
· Results with extended DRX cycle beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s, and is beneficial towards meeting the battery life requirement as extended DRX cycle beyond 10.24s allows a UE to enter into a deeper sleep state and improve the battery life.
· From the evaluations,
· Power saving gains achieved with extended DRX cycle with respect to baseline DRX cycle 1.28s are provided by 2 sources ([3/vivo], [13/CMCC]):
· In [3/vivo], 87%~90% power saving gains are achieved with DRX cycle of 30.72s with respect to that with the baseline DRX cycle of 1.28s;
· In [13/CMCC], 35.05%~53.70% power saving gains are achieved with DRX cycle of 10.24s with respect to that with the baseline DRX cycle of 1.28s, and 37.56%~57.53% power saving gains are achieved with DRX cycle of 20.48s with respect to that with the baseline DRX cycle of 1.28s;
· Results on battery life of extended DRX cycle together with ultra-deep sleep state are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by all 13 sources.

	Company
	Comments

	vivo
	OK

	ZTE
	In the first subbullet, we prefer removing the sentence of ‘as extended DRX cycle beyond 10.24s allows a UE to enter into a deeper sleep state and improve the battery life’, i.e., 
· Results with extended DRX cycle beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s, and is beneficial towards meeting the battery life requirement as extended DRX cycle beyond 10.24s allows a UE to enter into a deeper sleep state and improve the battery life.
In our view, UE can also enter deeper sleep state in DRX cycle 1.28s. The main gain is because the number of waking up times is reduced from larger DCX cycle.

	Xiaomi
	Ok 

	Intel
	Ok

	Huawei, HiSilicon
	OK. Basically we think only sufficiently longer wake-up periodicity motivates a deeper sleep state.

	Spreadtrum
	Ok




[High] Proposed observation 3 (I)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration for UL/DL+UL positioning are provided by 7 sources ([2/HW,Hisilicon], [3/vivo], [4/Futurewei], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm], [20/Ericsson]) out of 19 sources, the following is observed:
· UE performing RA-SDT procedure (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption, and results without SRS (re)configuration procedure provide power saving gains with respect to that with RA-SDT procedure (re)entering RRC_CONNECTED state to obtain SRS (re)configuration.
· From the evaluations,
· In [2/HW,Hisilicon], 65.2790% of total power is consumed by SRS (re)configuration for UL positioning; RA-SDT procedure UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases the power consumption by 3 times;
· In [3/vivo], RA-SDT procedure UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration every 10.24s/20.48s/40.96s increases the power consumption by 8.71%/4.47%/2.23% with DRX cycle of 1.28s and by 13.38%/6.69%/3.34% with DRX cycle of 10.24s;
· In [4/Futurewei], 23.81%~52.62% of total power is consumed by SRS (re)configuration for UL positioning, and 21.65%~26.54% of total power is consumed by SRS (re)configuration for DL+UL positioning;
· In [11/ZTE], 11.6%~34.4% of total power is consumed by SRS (re)configuration for UL positioning with ultra-deep sleep state option 1 with additional transition energy 10000, and 46.2%~77.5% of total power is consumed by SRS (re)configuration for UL positioning with ultra-deep sleep state option 2;
· In [13/CMCC], 11.28%~52.41% of total power is consumed by SRS (re)configuration for UL positioning; Without SRS (re)configuration procedure, 55.07%/20.38%/11.85% power saving gains are achieved for DRX cycle of 1.28s/10.24s/20.48s.
· Evaluation results on battery life assuming no SRS (re)configuration together with ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, and the target requirement of 6~12 months is achieved by all 11 sources.

	Company
	Comments

	vivo
	OK

	ZTE
	In the first subbullet, UE may need to perform cell reselection or go into RRC connected state to obtain SRS (re)configuration. Hence, RA-SDT may not be the only procedure. Here is our suggestion:
· UE performing RA-SDT procedure to obtaining SRS (re)configuration increases power consumption, and results without SRS (re)configuration procedure provide power saving gains with respect to that with RA-SDT procedure to obtaining SRS (re)configuration.

	Xiaomi
	Ok 

	Intel
	Ok

	Huawei, HiSilicon
	OK. 




[High] Proposed observation 4 (I)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 11 ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) sources out of 19 sources, the following is observed:
· Minimizing gaps between PRS/SRS/paging/reporting/synchronization reduces power consumption, and results with minimized gaps between PRS/SRS/paging/reporting/synchronization provide power saving gains with respect to that without minimized gaps. 
· From the evaluations, 
· Comparative results with and without optimization of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 3 sources ([12/Sony], [13/CMCC], [20/Ericsson]):
· In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;
· In [13/CMCC], 5.48%~15.59%, 1.05%~3.60%, and 0.54%~1.96% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s, 10.24s, and 20.48s;
· Results on battery life of assuming minimized gaps between PRS/SRS/paging/reporting/synchronization together with ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by all 11 sources.
· Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning related operations together with paging reception, or to skip both.
· Results of using TRS-based synchronization in adjacent slot to SRS is are further provided by 1 source ([2/HW,Hisilicon]), which further improves battery life with respect to that using SSB-based synchronization for UL positioning.

	Company
	Comments

	ZTE
	OK

	Xiaomi
	Ok 

	Intel
	We think important assumption on whether eDRX is assumed or not is missing in the observation below.

· In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;

· Results on battery life of assuming minimized gaps between PRS/SRS/paging/reporting/synchronization together with ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by all 11 sources.


We think for capturing observations in TR, % gain is expected to be reported, otherwise it is quite vague. To this end, we suggest to update the observations in last two bullets.

	Huawei, HiSilicon
	We prefer to also capture the following observation

· Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning related operations together with paging reception, or to skip both.
· Results of paging skipping are further provided by 1 source ([2/HW, HiSilicon], based on a longer DRX periodicity than positioning or based on no paging reception at all, which is beneficial to improve battery life as it allows a UE to wake up to only perform positioning related operations.
· Results of using TRS-based synchronization in adjacent slot to SRS is further provided by 1 source ([2/HW,Hisilicon]), which further improves battery life with respect to that using SSB-based synchronization for UL positioning.




[High] Proposed observation 5 (I):
Capture the following observation in TR 38.859 Section 6.4.3:
· Evaluation results of simplified PRS configuration on both battery life and accuracy are provided by 1 source ([11/ZTE]) out of 19 sources, the following is observed:
· Adopting 1-symbol PRS and comb size > 12 reduces the power consumption of PRS measurement, and is beneficial to meet the battery life requirement.
· The positioning accuracy of 1-symbol PRS and comb size > 12 barely reduces and can meet the accuracy requirement.

	Company
	Comments

	ZTE
	Support. The detailed evaluation results verified the observation.

	Intel
	It is clear that reducing time domain occupancy is expected to provide power saving gain. However, for more meaningful observation, we suggest to capture comparative % gain with respect to a baseline and report what is DRX cycle assumption.

	Huawei, HiSilicon
	OK, but we have to acknowledge that reducing number of symbols benefits more than network efficiency than UE power efficiency.




[High] Proposed observation 6 (I):
Capture the following observation in TR 38.859 Section 6.4.3:
· Summary table of results of overall enhancements (Table 8 in Section 3.2.1).
· Evaluation results on the battery life of overall enhancements including at least one or combinations of DRX cycle beyond 10.24s, ultra-deep sleep state, minimized gaps between PRS/SRS/paging/reporting/synchronization, and no SRS (re)configuration procedure, are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE],[12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources.
· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 10000, results are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE],[12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 1 source ([20/Ericsson]) with baseline implementation factor K = 1, and is achieved by 8 sources ([3/vivo], [4/CATT], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 8 sources ([3/vivo], [4/CATT], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm]) with baseline implementation factor K = 1, and is achieved by 6 sources ([3/vivo], [6/Spreadtrum], [7/Nokia,NSB], [11/ZTE], [13/CMCC], [19/Qualcomm]) with optional implementation factor K;
· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 5000, results are provided by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 1 source ([3/vivo]) 2 sources ([3/vivo], [9/Intel]) with baseline implementation factor K = 1, and is achieved by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with optional implementation factor K;
· For ultra-deep sleep state option 2 (including TDMed with ultra-deep sleep option 1 for power cycles in which paging reception is required), results are provided by 4 sources ([2/HW,Hisilicon], [8/xiaomi], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 4 sources ([2/HW,Hisilicon], [8/xiaomi], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 2 sources ([11/ZTE], [13/CMCC]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 1 source ([13/CMCC]) with baseline implementation factor K = 1, and is achieved by 1 source ([13/CMCC]) with optional implementation factor K;

	Company
	Comments

	FL
	As companies are providing results for 3 ultra-deep sleep state models, and we have 2 LPAHP device types, 4 implementation factor K, and 4 positioning techniques in total, if we are having a detailed observation like what we made for baseline evaluation cases in the last meeting, the observation would be too long to capture/read. So, I plan to provide very high-level descriptions on how many sources provide results that the target requirement is achieved, while detailed results for each source are summarized in Table 8 which will be captured in the TR.

Please carefully check if I summarized your results incorrectly, and if so, change it directly in Table 8 with revision marks. Thanks !!

	vivo
	Regarding the observation of ‘the evaluation with ultra-deep sleep state option 1 with additional transition energy 5000 for the baseline LPHAP Type A device with battery capacity C2 of 800mAh’, we have 2 comments.
1) As we reviewed from Tdocs of sources, with the eDRX of 30.72s, 6~12 months is also achieved by [9/Intel] for UL positioning (case 13c in [9]) with implementation factor K=1.  
2) We recommend adding the assumption of eDRX cycle (e.g., 20.48s or 30.72s) into this observation, since the eDRX cycle has an impact on whether the requirement can be met from 6 to 12 months with implementation factor K=1. As we reviewed from Tdocs of sources, with the eDRX cycle of 20.48s, the requirement of 6~12 months is not achieved by all of 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]); but with the eDRX cycle of 30.72s, results are provided by 2 sources ([3/vivo], [9/Intel]) , and target requirement of 6~12 months is achieved by 2 sources ([3/vivo], [9/Intel]).   
So, we propose to modify corresponding observation as follows:
· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 5000, results are provided by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, with eDRX cycle of 30.72s, results are provided by 2 sources ([3/vivo] , [9/Intel]), the target requirement of 6~12 months is achieved by 1 2 sources ([3/vivo] , [9/Intel]) with baseline implementation factor K = 1, and is achieved by 4 2 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) with optional implementation factor K;
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, with eDRX cycle of 20.48s, results are provided by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]), the target requirement of 6~12 months is not achieved by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with optional implementation factor K;


	ZTE
	Support. Thanks for the great efforts!

	Xiaomi
	Support 

	Intel
	Ok. Fine  with vivo update too

	Huawei, HiSilicon
	OK




3.2.3 Round 2 discussion
FL comments: Based on the comments, there are some wording updates to observations 2~4. 
Regarding the proposed observation 6, thanks vivo for the careful check on companies’ results, and is revised accordingly. For vivo’s comments on separately capturing results of DRX cycle of 20.48s and 30.72s, as I commented in the previous round, I try to capture the high-level observation and it depends on the best results provided by each company; otherwise, we may need to touch more details on different assumptions and do the same thing for other two ultra-deep sleep sate options, and the observation would be too complicated and redundancy to read. Anyways, the detailed results are summarized in Table 8 and will be captured to the TR.
Regarding HW’s revision to proposed observation 4, I’m not sure such observation belongs to the scope of minimized gaps, maybe I can provide a separate observation, and I’ll update it later today. 

[CLOSED] Proposed observation 2 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of extending DRX cycle are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, the following is observed:
· Results with extended DRX cycle beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s, and is beneficial towards meeting the battery life requirement as extended DRX cycle beyond 10.24s allows a UE to enter into a deeper sleep state and improve the battery life.
· From the evaluations,
· Power saving gains achieved with extended DRX cycle with respect to baseline DRX cycle 1.28s are provided by 2 sources ([3/vivo], [13/CMCC]):
· In [3/vivo], 87%~90% power saving gains are achieved with DRX cycle of 30.72s with respect to that with the baseline DRX cycle of 1.28s;
· In [13/CMCC], 35.05%~53.70% power saving gains are achieved with DRX cycle of 10.24s with respect to that with the baseline DRX cycle of 1.28s, and 37.56%~57.53% power saving gains are achieved with DRX cycle of 20.48s with respect to that with the baseline DRX cycle of 1.28s;
· Results on battery life of extended DRX cycle together with ultra-deep sleep state are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by all 13 sources.

	Company
	Comments

	
	

	
	

	
	




[CLOSED] Proposed observation 3 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration for UL/DL+UL positioning are provided by 7 sources ([2/HW,Hisilicon], [3/vivo], [4/Futurewei], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm], [20/Ericsson]) out of 19 sources, the following is observed:
· UE performing RA-SDT procedure (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption, and results without SRS (re)configuration procedure provide power saving gains with respect to that with RA-SDT procedure (re)entering RRC_CONNECTED state to obtain SRS (re)configuration.
· From the evaluations,
· In [2/HW,Hisilicon], 65.2790% of total power is consumed by SRS (re)configuration for UL positioning; RA-SDT procedure UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases the power consumption by 3 times;
· In [3/vivo], RA-SDT procedure UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration every 10.24s/20.48s/40.96s increases the power consumption by 8.71%/4.47%/2.23% with DRX cycle of 1.28s and by 13.38%/6.69%/3.34% with DRX cycle of 10.24s;
· In [4/Futurewei], 23.81%~52.62% of total power is consumed by SRS (re)configuration for UL positioning, and 21.65%~26.54% of total power is consumed by SRS (re)configuration for DL+UL positioning;
· In [11/ZTE], 11.6%~34.4% of total power is consumed by SRS (re)configuration for UL positioning with ultra-deep sleep state option 1 with additional transition energy 10000, and 46.2%~77.5% of total power is consumed by SRS (re)configuration for UL positioning with ultra-deep sleep state option 2;
· In [13/CMCC], 11.28%~52.41% of total power is consumed by SRS (re)configuration for UL positioning; Without SRS (re)configuration procedure, 55.07%/20.38%/11.85% power saving gains are achieved for DRX cycle of 1.28s/10.24s/20.48s.
· Evaluation results on battery life assuming no SRS (re)configuration together with ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, and the target requirement of 6~12 months is achieved by all 11 sources.

	Company
	Comments

	
	

	
	

	
	




[High] Proposed observation 4 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 11 ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) sources out of 19 sources, the following is observed:
· Minimizing gaps between PRS/SRS/paging/reporting/synchronization reduces power consumption, and results with minimized gaps between PRS/SRS/paging/reporting/synchronization provide power saving gains with respect to that without minimized gaps. 
· From the evaluations, 
· Comparative results with and without optimization of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 3 sources ([12/Sony], [13/CMCC], [20/Ericsson]):
· In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;
· In [13/CMCC], 5.48%~15.59%, 1.05%~3.60%, and 0.54%~1.96% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s, 10.24s, and 20.48s;
· Results on battery life of assuming minimized gaps between PRS/SRS/paging/reporting/synchronization together with ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by all 11 sources.
· Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning related operations together with paging reception, or to skip both.
· Results of using TRS-based synchronization in adjacent slot to SRS is are further provided by 1 source ([2/HW,Hisilicon]), which further improves battery life with respect to that using SSB-based synchronization for UL positioning.

	Company
	Comments

	FL
	Regarding Intel’s comments on the last round, the proposal is updated as follows:

[High] Proposed observation 4 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 11 ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) sources out of 19 sources, the following is observed:
· Minimizing gaps between PRS/SRS/paging/reporting/synchronization reduces power consumption, and results with minimized gaps between PRS/SRS/paging/reporting/synchronization provide power saving gains with respect to that without minimized gaps. 
· From the evaluations, 
· Comparative results with and without optimization of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 3 sources ([12/Sony], [13/CMCC], [20/Ericsson]):
· In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s and 10.24s with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;
· In [13/CMCC], 5.48%~15.59%, 1.05%~3.60%, and 0.54%~1.96% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s, 10.24s, and 20.48s with sleep states in TR 38.840; 17.14%~33.33% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle of 20.48s with ultra-deep sleep option 1.
· Results on battery life of assuming minimized gaps between PRS/SRS/paging/reporting/synchronization together with DRX cycle equal to or larger than 10.24s and ultra-deep sleep state are provided by 11 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by all 11 sources.
· Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning related operations together with paging reception, or to skip both.
· Results of using TRS-based synchronization in adjacent slot to SRS is are further provided by 1 source ([2/HW,Hisilicon]), which further improves battery life with respect to that using SSB-based synchronization for UL positioning.

Regarding adding % power saving gains of the last 2 bullets, @ZTE, @Samsung, @HW, please check that whether to add % power saving gain is OK from your side, and if so, please provide detailed values. Thanks!

	Intel
	We would like to remind again about the importance of showing relative power saving gain of the techniques. Showing gain as a combination of different techniques is not sufficient to motivate the technique. Few comments:

· We think Sony’s results are not correctly captured. 8%~35% and 12.7%~44.5% gains are observed when DRX is 1.28s. Moreover, when we report power saving gain, it is important to also note whether that combination actually meets the target battery life requirement or not. From Sony’s results in Table 4 of their tdoc (copied below), it does not seem to meet requirement.

[bookmark: _Ref117756365]Table 4 - Summary of power consumption and device battery lifetime, enhanced mechanism, for K = 1.
	
	Average power consumption
P2 (mW)
	Power saving gain
	Battery lifetime T2 (days)

	
	
	
	Type A 
(C2=800 mAh)
	Type B 
(C2=4500 mAh)

	
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep
	Deep sleep
	Ultra-deep sleep

	I-DRX = 1.28 sec, N=1
	2.68
	1.87
	35%
	44.5%
	6.6
	9.5
	37.2
	53.46

	I-DRX = 1.28 sec, N=8
	2.1
	1.28
	8%
	12.7%
	8.4
	13.8
	47.5
	77.5

	I-DRX = 10.24 sec, N=1
	1.2
	0.36
	13.2%
	34%
	14.7
	48.7
	82.6
	273.9







· On the other hand, we did not provide results targeting for minimized gaps between PRS/SRS/paging/reporting/synchronization. So please remove us for the list.

· For the following addition by CMCC, what is the relative gain of minimized gaps between PRS/SRS/paging/reporting/synchronization?

17.14%~33.33% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle of 20.48s with ultra-deep sleep option 1.









	SONY
	w.r.t the comment from Intel (indicating there is no result from Sony on DRX 10.24 sec), in our tdoc we have shown the power saving gain for both DRX cycle 1.28 sec and 10.24 sec (See Table 4 and Table 5).

We propose the following modification:
· In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved for DRX cycle 1.28s and 13.2% and 34% power saving gains for DRX cycle 10.24 sec, with minimized gaps between PRS/SRS/paging/reporting/synchronization with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;


	ZTE
	Here is our suggested change based on our tdoc:
· Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning related operations together with paging reception, or to skip both.
· In source ([11/ZTE]), the target requirement of 6~12 months can be achieved in the case that UE to perform positioning related operations together with paging reception, or to skip both. 


	Huawei, HiSilicon
	Our revised text is as below.
· [bookmark: _Hlk119517307]Results on battery life of skipping paging reception are further provided by 1 source ([2/HW, HiSilicon] out of 19 sources, configuring a DRX cycle longer than positioning periodicity or without paging reception can achieve 44.32%~89% power saving gain and is beneficial to improve battery life as it allows a UE to wake up to only perform positioning related operations to achieve the target requirement of LPHAP.
· Results of only using TRS-based synchronization in adjacent slot to SRS is are further provided by 1 source ([2/HW,HiSsilicon]), which achieves 23.33% power saving gain and further improves battery life with respect to that using SSB-based synchronization for UL positioning.


	FL
	Thanks for the feedback from Sony, ZTE and HW, the observation is updated as below, I also copy and paste it to Section 2.4 for today’s online, please double check it. Thanks!

[High] Proposed observation 4 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
1. Evaluation results of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 11 ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) sources out of 19 sources, the following is observed:
50. Minimizing gaps between PRS/SRS/paging/reporting/synchronization reduces power consumption, and results with minimized gaps between PRS/SRS/paging/reporting/synchronization provide power saving gains with respect to that without minimized gaps. 
50. From the evaluations, 
1. Comparative results with and without optimization of minimized gaps between PRS/SRS/paging/reporting/synchronization are provided by 3 sources ([12/Sony], [13/CMCC], [20/Ericsson]):
1. In [12/Sony], 8%~35% and 12.7%~44.5% power saving gains are achieved for DRX cycle 1.28s and 13.2% and 34% power saving gains for DRX cycle 10.24 sec, with minimized gaps between PRS/SRS/paging/reporting/synchronization with sleep states in TR 38.840 and ultra-deep sleep state option 1 with additional transition energy 10000;
1. In [13/CMCC], 5.48%~15.59%, 1.05%~3.60%, and 0.54%~1.96% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle 1.28s, 10.24s, and 20.48s with sleep states in TR 38.840; 17.14%~33.33% power saving gains are achieved with minimized gaps between PRS/SRS/paging/reporting/synchronization for DRX cycle of 20.48s with ultra-deep sleep option 1.
50. Results on battery life of assuming minimized gaps between PRS/SRS/paging/reporting/synchronization together with DRX cycle equal to or larger than 10.24s and ultra-deep sleep state are provided by 10 sources ([2/HW,Hisilicon], [3/vivo], [6/Spreadtrum], [8/xiaomi], [9/Intel], [11/ZTE], [12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]), and the target requirement of 6~12 months is achieved by 9 sources.
1. Results of paging and/or PEI triggered positioning are further provided by 2 sources ([11/ZTE], [18/Samsung]) based on minimized gaps, which is beneficial to improve battery life as it allows a UE to perform positioning measurement and/or reporting behaviors together with paging reception, or to skip both:
51. In [11/ZTE], PEI triggered positioning improves battery life by 0.24~1.64 months;
51. In [18/Samsung], paging triggered positioning improves battery life by 0.08~0.17 months for DL positioning, and by 0.02~0.04 months for UL positioning; PEI triggered positioning improves battery life by 0.09~0.62 for DL positioning, and by 0.04~0.47 for UL positioning
1. Results on battery life of skipping paging reception are further provided by 1 source ([2/HW, HiSilicon] out of 19 sources, configuring a DRX cycle longer than positioning periodicity or without paging reception can achieve 44.32%~89% power saving gain and is beneficial to improve battery life as it allows a UE to wake up to only perform positioning related operations to achieve the target requirement of LPHAP.
1. Results of only using TRS-based synchronization in adjacent slot to SRS is are further provided by 1 source ([2/HW,HiSilicon]), which achieves 23.33% power saving gain and further improves battery life with respect to that using SSB-based synchronization for UL positioning.





[High] Proposed observation 5 (II)
Capture the following observation in TR 38.859 Section 6.4.3:
· Evaluation results of simplified PRS configuration on both battery life and accuracy are provided by 1 source ([11/ZTE]) out of 19 sources, the following is observed:
· Adopting 1-symbol PRS and comb size > 12 reduces the power consumption of PRS measurement, and is beneficial to meet the battery life requirement.
· The positioning accuracy of 1-symbol PRS and comb size > 12 barely reduces and can meet the accuracy requirement.

	Company
	Comments

	FL
	Regarding Intel’s comment to add % power saving gain in the last round, @ZTE, please check whether it is OK from your side and if so, please provide detailed values. Thanks!

	ZTE
	· Evaluation results of simplified PRS configuration on both battery life and accuracy are provided by 1 source ([11/ZTE]) out of 19 sources, the following is observed:
· In the case of K=1, C2=800, DRX cycle = 10.24s, 1-symbol PRS can satisfy 6 month battery life but more than 1 symbol PRS cannotAdopting 1-symbol PRS and comb size > 12 reduces the power consumption of PRS measurement, and is beneficial to meet the battery life requirement.
· The positioning accuracy of 1-symbol PRS and comb size > 12 barely reduces and can meet the accuracy requirement in some cases.


	FL
	@ZTE, thanks for the updates. Companies please check the following updates based on ZTE’s revision. Thanks!

[High] Proposed observation 5 (II)
Capture the following as an observation in TR 38.859 Section 6.4.3:
· Evaluation results of simplified PRS configuration on both battery life and accuracy are provided by 1 source ([11/ZTE]) out of 19 sources, the following is observed:
· In the case of K=1, C2=800, DRX cycle = 10.24s, 1-symbol PRS can satisfy 6-month battery life but more than 1 symbol PRS cannot.
· The positioning accuracy of 1-symbol PRS and comb size > 12 barely reduces and can meet the accuracy requirement in some cases.





[CLOSED] Proposed observation 6 (II)
Capture the following observation in TR 38.859 Section 6.4.3:
· Summary table of results of overall enhancements (Table 8 in Section 3.2.1).
· Evaluation results on the battery life of overall enhancements including at least one or combinations of DRX cycle beyond 10.24s, ultra-deep sleep state, minimized gaps between PRS/SRS/paging/reporting/synchronization, and no SRS (re)configuration procedure, are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE],[12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources.
· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 10000, results are provided by 13 sources ([2/HW,Hisilicon], [3/vivo], [4/CATT], [6/Spreadtrum], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE],[12/Sony], [13/CMCC], [18/Samsung], [19/Qualcomm], [20/Ericsson]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 1 source ([20/Ericsson]) with baseline implementation factor K = 1, and is achieved by 8 sources ([3/vivo], [4/CATT], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 8 sources ([3/vivo], [4/CATT], [7/Nokia,NSB], [8/xiaomi], [9/Intel], [11/ZTE], [13/CMCC], [19/Qualcomm]) with baseline implementation factor K = 1, and is achieved by 6 sources ([3/vivo], [6/Spreadtrum], [7/Nokia,NSB], [11/ZTE], [13/CMCC], [19/Qualcomm]) with optional implementation factor K;
· For the evaluation with ultra-deep sleep state option 1 with additional transition energy 5000, results are provided by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 1 source ([3/vivo]) 2 sources ([3/vivo], [9/Intel]) with baseline implementation factor K = 1, and is achieved by 4 sources ([3/vivo], [9/Intel], [11/ZTE], [13/CMCC]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 3 sources ([3/vivo], [11/ZTE], [13/CMCC]) with optional implementation factor K;
· For ultra-deep sleep state option 2 (including TDMed with ultra-deep sleep option 1 for power cycles in which paging reception is required), results are provided by 4 sources ([2/HW,Hisilicon], [8/xiaomi], [11/ZTE], [13/CMCC]) out of 19 sources, and the following is observed:
· For the baseline LPHAP Type A device with battery capacity C2 of 800mAh, the target requirement of 6~12 months is achieved by 4 sources ([2/HW,Hisilicon], [8/xiaomi], [11/ZTE], [13/CMCC]) with baseline implementation factor K = 1, and is achieved by 2 sources ([11/ZTE], [13/CMCC]) with optional implementation factor K;
· For the optional LPHAP Type B device with battery capacity C2 of 4500mAh, the target requirement of 6~12 months is achieved by 1 source ([13/CMCC]) with baseline implementation factor K = 1, and is achieved by 1 source ([13/CMCC]) with optional implementation factor K;

	Company
	Comments

	
	

	
	

	
	



[CLOSED] Proposed observation 7 (I)
Capture the following observation in TR 38.859 Section 6.4.3:
· Evaluation results on battery life of skipping paging reception are further provided by 1 source ([2/HW, HiSilicon] out of 19 sources, and the following is observed:
· Configuring a DRX cycle longer than positioning periodicity or without paging reception is beneficial to improve battery life as it allows a UE to wake up to only perform positioning related operations.

	Company
	Comments

	FL
	Already covered by Observation 4. Then it is closed.

	
	

	
	




Potential enhancements
4.1 SRS enhancements
Background: In Rel-17 positioning, UL SRS for positioning transmissions in RRC_INACTIVE state was specified. The UE keeps using the SRS configuration obtained via RRCRelease unless validity criteria fails (e.g., upon cell re-selection, TA invalidation, etc.).
In the last RAN1 meeting, the following agreement was reached to study the benefits and performance gains of SRS enhancements for UEs in RRC_INACTIVE states:
	Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.


Meanwhile, enhancements on SRS configurations were discussed in RAN2#119bis-e meeting and the following agreement was achieved:
Agreement:
Proposal 3 (modified): RAN2 agree to study enhancements on SRS configuration (12/15). Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
-	a) Validity area mechanism; (12/13)
-	b) SRS update mechanism; (10/13)
-	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration; (9/13)
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.
In addition, a LS was sent from RAN2 to ask RAN1 to check whether SRS in multiple cells is feasible from RAN1’s perspective [21].

4.1.1 Summary of inputs
Based on the submitted contributions in this meeting, 7 companies (HW/Hisilicon, vivo, Futurewei, Intel, ZTE, CMCC, Qualcomm) explicitly provide evaluation results with UE entering RRC_CONNECTED mode via RA-SDT procedure to obtain SRS (re)configurations and without SRS (re)configuration. It is observed that using RA-SDT to obtain SRS (re)configurations accounts large part of the power consumption and without which the power consumption significantly reduced. In addition, 11 companies (HW/Hisilicon, vivo, Spreadtrum, Nokia/NSB, xiaomi, Intel, ZTE, CMCC, Samsung, Qualcomm, Ericsson) that provide evaluation results of potential enhancements for UL/DL+UL positioning implicitly assume that no SRS (re)configuration via RA-SDT is considered in the evaluations, and results show that it is beneficial of improving battery life towards the target battery life. Please refer to Section 3.2 for detailed results. 
Regarding the detailed solutions on the SRS enhancements, the followings are identified from the submitted contributions:
· SRS in multiple cells (related to the RAN2 LS and details will be handled under the discussion of RAN2 LS): 12 companies (HW/Hisilicon, vivo, Futurewei, Spreadtrum, Nokia/NSB, xiaomi, Intel, OPPO, ZTE, CMCC, Qualcomm, Ericsson) provide views on SRS in multiple cells, and many of them also discuss on issues identified by RAN2 in the LS (e.g., interferences, TA, spatial relation info, pathloss reference, validity of SRS parameters) and the feasibility of SRS in multiple cells from RAN1’s perspective. 8 companies (HW/Hisilicon, vivo, Futurewei, Nokia/NSB, xiaomi, ZTE, CMCC, Qualcomm) believe that SRS in multiple cells is feasible from RAN1’s perspective and should be recommended in the normative work, 3 companies (Spreadtrum, Intel, OPPO) provide neutral views and propose that these issues should be further studied by RAN1, while 1 company (Ericsson) opposes to recommend SRS in multiple cells from RAN1’s perspective as it analyses that SRS in multiple cells may have negative impact on network capacity, SRS hearability and cell interference levels.
· Pre-configuration of SRS: 6 companies (Futurewei, CATT, Intel, ZTE, CMCC, Qualcomm) provide views on pre-configurations of SRS, in which some proposals of pre-configuration are combined with SRS in multiple cells where one or multiple SRS resources that are applicable to multiple cells can be pre-configured.
· SRS activation and/or request procedures: 7 companies (vivo, CATT, xiaomi, Intel, Sony, CMCC, Qualcomm) suggest to consider SRS activation and/or request procedures without UE entering RRC_CONNECTED state, where some propose that the activation and/or request procedures are combined with the pre-configuration of multiple SRS configurations, some propose that UE requests of SRS updates can be considered in case of validation criteria fails or cell group changes. On the other hand, 1 company (HW/Hisilicon) proposes that UE requests and/or NW activates of SRS should be up to RAN2.


4.1.2 Round 1 discussion
FL comments: From the evaluations, by avoiding UE frequent entering RRC_CONNECTED mode to obtain SRS (re)configurations, it is beneficial to improve the battery life, and it is reasonable to recommend SRS enhancement in the normative work. Regarding the detailed solutions, it can be further discussed during work item phase. Therefore, the following proposal is formulated:

[High] Proposal 1 (I)
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration is recommended for normative work. The details of solutions can be further discussed during normative work, which include but are not limited to one or combinations of the following:
· SRS for positioning configurations in multiple cells. Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations.
· SRS for positioning activation/request procedure(s).

	Company
	Comments

	vivo
	Generally OK. 
Regarding the ‘details of solutions’, we prefer to add ‘may’ in the main-bullet, as the following.

The details of solutions can be further discussed during normative work, which may include but are not limited to one or combinations of the following:…


	Qualcomm
	We are supportive of this recommendation, and OK with the suggestion from vivo. We would also be OK to not include the “details of the solutions” in the recommendation/conclusion section of the TR. 

	ZTE
	Generally fine with the proposal.

	Xiaomi
	Fine with the proposal 

	Intel
	Ok

	Huawei, HiSilicon
	Support.

	Spreadtrum
	Support




4.1.3 Round 2 discussion
FL comments: As this proposal is related to the discussion of RAN2 LS, let’s wait a bit for the progress on that before we discuss it during offline/online session. Companies are welcomed to further provide your views. The proposal is revised based on comments from vivo:

[High] Proposal 1 (II)
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration is recommended for normative work. The details of solutions can be further discussed during normative work, which may include but are not limited to one or combinations of the following:
· SRS for positioning configurations in multiple cells. Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations.
· SRS for positioning activation/request procedure(s).

	Company
	Comments

	OPPO
	We agree with the assessment of FL that we discuss the RAN2 LS first and then decide whether to support Proposal 1 or not. 

To be careful, we suggest RAN1 to conduct at least preliminary evaluations on SRS for multiple cells to check the performance whether there is significant negative impact. We may not need to rush for an agreement. 

	LGE
	As summarized in FL comments, intention of this proposal is to avoid ‘UE frequent entering RRC_CONNECTED mode’ to obtain SRS (re)configuration. If I understood correctly, ‘SRS for positioning request’ procedure is a technique that may result SRS (re)configuration. Thus it seems for me that the main bullet needs to be changed. 

	FL
	To LGE: The intention is to avoid UE (re)entering RRC_CONNECTED mode to do so, for the request procedure, some companies proposed to consider procedure to request updates of SRS (re)configuration without (re)entering RRC_CONNECTED mode, I don’t see any conflict here. Hope it clarifies.


	
	




4.2 Time domain adaption of RS/paging/reporting/synchronization
4.2.1 Summary of inputs
From reviewing the submitted contributions in this meeting, 3 companies (Sony, CMCC, Ericsson) explicitly provide evaluation results with and without minimized gaps between RS/paging/reporting/synchronization. It is observed that by minimizing gaps, the power consumption reduces as the UE is able to wake up and perform all necessary operations and stays asleep as much as possible. In addition, 2 companies (ZTE, Samsung) provide results of paging/PEI triggered positioning to illustrate the performance gains. 1 company (HW, Hisilicon) provide results of using TRS-based synchronization for UL positioning and it is observed that TRS based synchronization may shorten the active time when UE wakes up for the purpose of transmitting SRS compared with SSB based synchronization. Furthermore, 11 companies (HW/Hisilicon, vivo, Spreadtrum, xiaomi, Intel, ZTE, Sony, CMCC, Samsung, Qualcomm, Ericsson) provide evaluation results of potential enhancements assuming that gaps between RS/paging/reporting/synchronization are minimized, and results show that it is beneficial of improving battery life. Please refer to Section 3.2 for detailed results.
Regarding the detailed solutions on the time domain adaptation (i.e., on how to achieve the minimized gaps), 10 companies (vivo, Spreadtrum, xiaomi, ZTE, Sony, CMCC, Lenovo, NTT DOCOMO, Samsung, Qualcomm) provide their views:
· In [12/Sony] and [13/CMCC], it is proposed to study detailed solutions of time domain adaptation of paging reception, RS, reporting and/or synchronization in the normative work.
· 6 companies (vivo, xiaomi, ZTE, LGE, NTT DOCOMO, Samsung) discuss UE behaviors and/or specific solutions on how to achieve the time domain adaptation of paging reception and PRS measurement and/or SRS transmissions. In [11/ZTE] and [18/Samsung], paging/PEI triggered positioning operation is proposed, and the solution is to restrict UE on PRS measurement and/or SRS transmission by defining a time window in [18/LGE].
· 5 companies (vivo, Spreadtrum, Lenovo, NTT DOCOMO, Qualcomm) provide views on coordination among positioning nodes (e.g., UE, LMF, gNB) to align the DRX and PRS/SRS configurations. 


4.2.2 Round 1 discussion
FL comments: From the evaluations, by minimizing gaps between RS/paging/reporting/synchronization, it is beneficial to improve the battery life, and it is reasonable to recommend solutions to achieve minimized gaps in the normative work. For the proposed solutions, my understanding is that solutions such as paging/PEI-triggered positioning and introduction of time window are further enhancements based on the alignment of DRX and PRS/SRS configurations; otherwise, it is impossible for the UE to wake up once to perform paging reception, PRS measurement and/or SRS transmission. Note that in RAN2#119bis-e meeting, RAN2 has already reached a related agreement to consider the feasibility of configuration alignment between PRS and DRX (at least paging DRX), we should focus on solutions with RAN1 impact, and hence the following proposal is formulated:

[High] Proposal 2 (I)
· Time domain adaptation on PRS/SRS/paging/reporting/synchronization to reduce UE wake-up duration and power state transition times is recommended for normative work. The details of solutions can be further discussed during normative work, which include and are not limited to the following:
· Paging and/or PEI-triggered positioning.
· Restrictions on PRS measurement and/or SRS transmission by defining time window.
· TRS-based synchronization in adjacent slots to SRS.
· Note: Above enhancements may rely on coordination among positioning nodes (e.g., UE, LMF, gNBs) for DRX and PRS/SRS configurations, which is up to RAN2/3 WGs. 
· Note: PRS measurement in above do not preclude simplified PRS configurations (e.g., 1-symbol PRS, comb-size > 12).

	Company
	Comments

	vivo
	Firstly, a soft wording is better for potential solutions, and we prefer to add ‘may’ in the main-bullet as ‘which may include and are not limited to the following’.

Then, the meaning of ‘Paging and/or PEI-triggered positioning’ should be clarified. For example, whether it means to include positioning related information in ‘paging or PEI’, or not include positioning related information in ‘paging or PEI’ but positioning related behaviour is impacted by paging monitoring? 

In addition, for ‘TRS-based synchronization in adjacent slots to SRS’, we don’t see the spec impact, since TRS is cell specific RS, and if it is available in inactive state, it is up to UE to determine whether to measure TRS for synchronization. Maybe proponent can further explain the specification impact.

	Qualcomm
	We are generally supportive of the principle of this proposal, but we think that the wording “Time domain adaptation” may not be the most appropriate way of describing the intention. We think it something like: “Enhancements to facilitate PRS/SRS/paging/reporting/synchronization alignment and time domain gap reduction” to reduce UE wake-up duration. We can work more on the wording during the meeting.

With regards to the subbulets, we prefer to remove it from the recommendation. The specific solutions could be discussed later. 

	ZTE
	OK to further discuss the related enhancement configurations.

	Xiaomi
	As for the sub-bullet about TRS, we share same view as vivo that the spec impact is not clear.
In addition, for the 2nd note, we want to know the motivation of it. We think it is a separate issue and can be removed.

	Intel
	It is expected that any reduction in time domain activity has the potential for power saving gain, however that should not necessarily imply it should be recommended for normative work. We need to look into comparative power saving gain benefits and how critical the enhancement is towards meeting the battery life requirement. From the results, it seems that only incremental gains are observed by time domain adaptation of PRS/SRS, when eDRX is used. 
Regarding Paging and/or PEI-triggered positioning, our view is paging/PEI procedure and positioning procedures are independent and need not be coupled.
It is not clear what spec impact is expected for the proposal TRS-based synchronization in adjacent slots to SRS. Moreover, availability of TRS is not guaranteed and hence, the effectiveness is questionable.
We do not support these proposals for recommendation for WI.

	Huawei, HiSilicon
	OK in general.
Reply on TRS sync, we think that some mechanism on the visibility of TRS for UE in RRC_INACTIVE without receiving PEI to check the TRS availability should be the spec impact.



4.2.3 Round 2 discussion
FL comments: The proposal is reformulated based on comments so far. 
· Regarding Qualcomm’s comments to remove the sub-bullets of details of solutions, my suggestion is that we should try to capture some details; otherwise, it may not be quite clear what we are recommending, anyways, these are kind of examples as we mention in the main bullet “may include and are not limited to”. 
· Regarding companies’ comments on the 1st and 3rd sub-bullets, I added some descriptions based on my understanding, and let’s have more discussion offline/online to align companies’ views on that.
· Regarding Intel’s comments, I understand the intention but I share different understanding that such enhancements is less important than eDRX and therefore should not be recommended. In my views, the essence of UE power saving here is that UE can wake-up once to perform all necessary operations and can stay asleep as much as possible, so even with eDRX cycle, it is still very important to consider time domain alignment of paging/RS/reporting/synchronization so that it does not need to frequently transit between different power states. To address your concern and also vivo’s comments regarding proposal 3, I added a note to say that above enhancements do not preclude paging DRX beyond 10.24s.

[High] Proposal 2 (II)
· Enhancements on time domain adaptation alignment and gap minimization between PRS/SRS/paging/reporting/synchronization to reduce UE wake-up duration and power state transition times is recommended for normative work. The details of solutions can be further discussed during normative work, which may include and are not limited to the following:
· Paging and/or PEI-triggered positioning such that a UE can either perform paging reception and positioning operations or skip both.
· Restrictions on PRS measurement and/or SRS transmission by defining time window.
· Availability of TRS-based synchronization in adjacent to SRS for positioning.
· Note: Above enhancements may rely on coordination among positioning nodes (e.g., UE, LMF, gNBs) for DRX and PRS/SRS configurations, which is up to RAN2/3 WGs. 
· Note: Above enhancements do not preclude paging DRX cycle beyond 10.24s.
· Note: PRS measurement in above does not preclude simplified PRS configurations (e.g., 1-symbol PRS, comb-size > 12).

	Company
	Comments

	LGE
	For the sub bullet regarding TRS based synchronization, we also share similar view that no specification impact would be required for it. In Rel-17 Power Saving item, PEI and Panging DCI based TRS availability indication for Idle/Inactive state UE was introduced, and UE with this capability can use TRS for synchronization purpose if enabling indication for a duration is indicated. We don’t see strong needs for  enhancement for it. 

	Nokia/NSB
	We would suggest add measurement reporting skipping on top of the measurement restriction. The reporting behavior should be considered and it is also in the main bullet.

	FL
	To Nokia/NSB: Your intention is clear to me, but I’m still not sure whether measurement reporting skipping have any RAN1 specification impact? Let’s hear more views from companies.




[CLOSED] 4.3 Considerations on DRX cycle beyond 10.24s
4.3.1 Summary of inputs
From reviewing the submitted contributions in this meeting, all 13 companies (HW/Hisilicon, vivo, Futurewei, CATT, Spreadtrum, xiaomi, Intel, ZTE, Sony, CMCC, Samsung, Qualcomm, Ericsson) that provide results of potential enhancement evaluate DRX cycle beyond 10.24s. It is observed that extending DRX cycle beyond 10.24s is essential for a LPHAP UE to go into deeper sleep state and implement ultra-deep sleep, and it is critical to meet the target battery life. Please refer to Section 3.2 for detailed results. 
In addition, 5 companies (vivo, Intel, ZTE, Samsung, Qualcomm) provide their views on extending DRX cycle beyond 10.24s for UEs in RRC_INACTIVE state in section of potential solutions, in which 4 companies (vivo, Intel, Samsung, Qualcomm) propose that it is beneficial to support eDRX values beyond 10.24s in RRC_INACTIVE state and/or to study eDRX based positioning. On the other hand, 1 company (ZTE) acknowledges that extending DRX is beneficial to improve battery life, but opposes to discuss eDRX cycle beyond 10.24s in positioning AI. The reason is that enhanced eDRX in RRC_INACTIVE state larger than 10.24s is under the discussion of RedCap AI and finally can be used for non-RedCap UE as well, and hence no more duplicated discussion in positioning AI is needed.

4.3.2 Round 1 discussion
FL comments: Issues regarding RAN1 to further study eDRX related enhancements were intensively discussed during the last RAN1 meeting. The common understanding among companies, which can be observed from the evaluation results, is that extending DRX cycle of longer than 10.24s for UEs in RRC_INACTIVE state allows a UE to enter into deeper sleep and is beneficial to improve the battery life towards the target requirement. However, the controversial part is that whether/what it is RAN1’s job and even in positioning AI’s scope to recommend solutions related to eDRX. Therefore, the following is formulated to see if companies are OK to capture such description into TR as a potential solution:

[Medium] Proposal 3 (I)
Capture the following in TR 38.859 Section 6.4.2:
· From RAN1’s perspective, extending DRX cycle larger than 10.24s is beneficial to improve the battery life to meet the target requirement defined by LPHAP use case 6. 
· Note: Up to other WGs whether/what additional enhancements are needed.

	Company
	Comments

	vivo
	eDRX cycle>10.24s is one of most important enhanced assumptions to improve the battery life to meet target requirement of LPHAP. Therefore, it is essential for positioning groups including RAN1 to further study/identify positioning related issues/enhancements for the case that eDRX cycle>10.24s.  

Considering in proposal 4.2.2, it is stated as the following
 ‘Time domain adaptation on PRS/SRS/paging/reporting/synchronization to reduce UE wake-up duration and power state transition times is recommended for normative work’.
So, similarly, for eDRX related enhancement, RAN1 spec impact may include time domain adaptation on positioning / paging with eDRX cycle>10.24s, since paging related behavior is changed for eDRX cycle>10.24s compared with normal paging

Therefore, this proposal can be modified as
Capture the following in TR 38.859 Section 6.4.2:
· From RAN1’s perspective, extending DRX cycle larger than 10.24s is beneficial to improve the battery life to meet the target requirement defined by LPHAP use case 6. 
· Time domain adaptation on PRS/SRS/paging/reporting/synchronization with eDRX cycle larger than 10.24s to reduce UE wake-up duration and power state transition times can be studied further and if needed, specified during normative work.
.


	Qualcomm
	Support

	ZTE
	Generally fine with the proposal, further DRX cycle extension can leave to RAN2 group.

	Xiaomi
	Support this proposal, and agree that DRX cycle enhancement belongs to other WG’s work.

	Intel
	Support of eDRX cycle in excess of 10.24s is the most important factor to meet the requirement. However, this is not clearly captured in the observation. We suggest to update as follows:

Capture the following in TR 38.859 Section 6.4.2:
· From RAN1’s perspective, extending DRX cycle larger than 10.24s is beneficial to improve the battery life the most important contributing factor towards meeting the target battery life requirement defined by LPHAP use case 6. 
· Note: Up to other WGs whether/what additional enhancements are needed. It is up to RAN2 to consider this enhancement in normative phase


	Huawei, HiSilicon
	We think extending the DRX cycle even beyond positioning interval is beneficial for the UE implementing ultra-deep sleep Option 2, which should be captured.

· From RAN1’s perspective, extending DRX cycle larger than 10.24s, which can be larger than the positioning periodicity, is beneficial to improve the battery life to meet the target requirement defined by LPHAP use case 6. 
· Note: Up to other WGs whether/what additional enhancements are needed.





4.3.3 Round 2 discussion
FL comments: Let’s see companies’ views on Intel’s version, but I’m not sure on the “most important contributing factor”, so I try to make it softer.

[Medium] Proposal 3 (II)
Capture the following in TR 38.859 Section 6.4.2:
· From RAN1’s perspective, extending DRX cycle larger than 10.24s, which can be larger than the positioning periodicity, is beneficial to improve the battery life one of the most important contributing factor towards meeting the target battery life requirement defined by LPHAP use case 6. 
· Note: Up to other WGs whether/what additional enhancements are needed. It is up to RAN2 to consider this enhancement in normative phase

	Company
	Comments

	LGE
	We prefer the Huawei’s version in Round 1 discussion. 

	
	

	
	




4.4 PRS configuration enhancements
Background: In RAN2#119bis-e meeting, the following agreement was made to study enhancement on PRS configuration, in which simplified PRS configuration was also considered as a potential solution for the purpose of reducing power consumption:
Agreement:
RAN2 will study the following candidate enhancements on DL-PRS configuration after there is progress in RAN1 and potentially RAN4.
-	a) Simplified PRS configuration; (2/15)
-	b) PRS is configured close to SSBs; (2/15)
-	c) Limit PRS reception in a time period; (3/15)
RAN2 can consider the feasibility of configuration alignment between PRS and DRX (at least paging DRX).

4.4.1 Summary of inputs
Based on the submitted contributions in this meeting, 2 companies (Spreadtrum, ZTE) provide their considerations on simplified PRS configuration. To be specific, ZTE provide evaluation results of both accuracy and power consumption of 1-symbol DL PRS, and it is proposed to support 1-symbol DL PRS pattern as it can further reduce the power consumption of PRS measurement and has no harm to the positioning accuracy. 

4.4.2 Round 1 discussion
FL comments: From the inputs, the following proposal is formulated:

[Medium] Proposal 4 (I)
· Enhancements on simplified PRS configuration can be studied further and if needed, specified during normative work. 
· The details of solutions can be left for discussion in the normative work, which may include but are limited to simplified PRS resource pattern (e.g., 1-symbol PRS, comb size > 12).

	Company
	Comments

	vivo
	This proposal may be duplicated with the Note in proposal 4.2.2.

	Qualcomm
	We are generally not supportive of this enhancement. We don’t believe that it will result to any significant improvement in power consumption.

	ZTE
	Support. In current positioning related signals, SRS already support 1 symbol configuration, but PRS haven’t yet. It would better to unify the two configurations. And in general, the transmission power of gNB is much greater than that of UE, so  coverage requirement of 1-symbol PRS can also be satisfied. At the same time, 1-symbol PRS not only improve the battery life, but also reduce the UE’s transmission load. This action won’t decrease the positioning accuracy too much but can improve the battery life and cut down the transmission load.

	Xiaomi
	It is better to make the enhancement more general such as 
· Enhancements on simplified PRS configuration can be studied further and if needed, specified during normative work. 
· The details of solutions can be left for discussion in the normative work, which may include but are limited to simplified PRS resource pattern (e.g., 1-symbol PRS, comb size > 12).


	Intel
	Not supportive. Please see our comment to 4.2.2

	Huawei, HiSilicon
	OK.

	FL
	To vivo: Yes, the Note in proposal 2 is related to this proposal, maybe we can discuss the two together during offline/online session.




4.4.3 Round 2 discussion
FL comments: From the comments, the following proposal is reformulated:

[Medium] Proposal 4 (II)
· Enhancements on simplified PRS configuration can be studied further and if needed, specified during normative work. 
· The details of solutions can be left for discussion in the normative work, which may include but are not limited to simplified PRS resource pattern (e.g., 1-symbol PRS, comb size > 12).

	Company
	Comments

	LGE
	We prefer to deprioritize this issue. According to the evaluation results from the sourcing company, only the marginal power saving gain (up to 0.07 month) can be achieved by the enhancement on PRS configuration. 

	Nokia/NSB
	We understand RAN2 agreed simplified PRS configuration to reduce burden, so we are okay with the simplified PRS configuration but in the sub-bullet, we think we only need “the details of solution can be left for discussion in the normative work”

	
	




4.5 Indication of LPHAP information
Background: The following agreement was achieved in RAN2#119bis-e meeting:
Agreement:
Exposure of LPHAP information to the gNB and/or LMF (e.g., as a UE capability) can be discussed in normative work if any enhancement for LPHAP is agreed, taking into account any guidance from SA2.
In addition, a LS was sent from SA2 to inform RAN1 about their agreement on LPHAP information delivery to RAN and also ask RAN1 if is it necessary to provide LPHAP indication to RAN at an earlier time before positioning procedure is triggered [29].

4.5.1 Summary of inputs
From reviewing the contributions in this meeting, [2/HW/Hisilicon] discusses the identified specification impact of ultra-deep sleep Option 2, it is proposed to include a UE capability indication of supporting a power-efficient wake-up mode only for the purpose of positioning activities.

4.5.2 Round 1 discussion
FL comments: My understanding of HW/Hisilicon’s proposal is that the identified specification impact of UE capability indication may not only be applied to ultra-deep sleep state option 2 which relates to an optimized power-efficient wake-up mode but also be dependent on ultra-deep state option 1 and other identified enhancements. Though when discussing the power model of ultra-deep sleep state in the LPHAP evaluation, companies argued that the ultra-deep sleep state is defined for evaluation purpose and the ultra-deep sleep state itself may not have specification impact and be up to total UE implementation, it should be noted that to enable a LPHAP UE enters into a deeper and longer sleep states by implementation, some additional LPHAP information should be known by the NW such that the NW is able to provide proper configurations (e.g., an extended DRX cycle, SRS configurations valid across multiple cells, reduced UE behaviour on paging reception/PRS measurement/SRS transmission, etc) for a UE with urgent power consumption needs. This issue is also related to the LS sent by SA2 and details will be handled under the discussion of the LS. As this UE capability indication may not have too much RAN1 specification impact, the following proposal is formulated:

[Low] Proposal 5 (I)
· From RAN1’s perspective, it is beneficial to include a UE capability indication of LPHAP information so that NW can provide proper configurations for the UE to meet battery life requirement. 
· The details can be further discussed if needed, specified during the normative work, and may up to other WGs. 

	Company
	Comments

	vivo
	We don’ think we can achieve this observation at this stage, since whether to introduce LPHAP information in UE capability is not clear, and it will be further discussed in normative work.

	Qualcomm
	We do not see the need for this. It is obviously beneficial to include capabilities for any new feature we introduce, but whether we need to call it “capability indication of LPHAP indication” it is something that doesn’t finds us aligned. If there are new features motivated by the LPHAP study and usecase, we ll design the capabilities accordingly at later stages. As it has already been agreed, there are no special LPHAP devices; just potentially some new specification in rel-18 that was motivated by the need of reduce the power consumption. Therefore we do not agree with the above.

	ZTE
	Low priority. The rationality of positioning-only state can be discussed later.

	Xiaomi
	It can be discussed later.

	Intel
	Do not support discussion on this at the moment. Let the LS response handle this issue.

	LGE
	We share similar view with vivo, Qualcomm and ZTE. 

	Nokia/NSB
	We can discuss for the LS response.

	FL
	Based on the inputs, let’s deprioritize this proposal.




4.6 TRS-based synchronization
4.6.1 Summary of inputs
From reviewing the submitted contributions in this meeting, results of using TRS-based synchronization for UL positioning are evaluated in [2/HW, Hisilicon], and it is observed that TRS based synchronization may shorten the active time when UE wakes up for the purpose of transmitting SRS compared with SSB based synchronization. In addition, it is proposed that this always-on TRS could serve as the multi-cell pathloss RS when the SRS is configured for multiple cells, including for the purpose of RSRP-based SRS validation, if the TRS is transmitted via SFN scheme from the multiple cells.

4.6.2 Round 1 discussion
FL comments: The proposal by [2/HW, Hisilicon] seems to be related to the issues of SRS in multiple cells, I think we can wait for the progress of corresponding discussion of RAN2 LS.
Proposal 6 (I)
· From RAN1’s perspective, RSRP validation, and pathloss reference for UL SRS transmission in RRC_INACTIVE based on the TRS can be feasible and can be studied if needed, specified during the normative work.

	Company
	Comments

	Qualcomm
	We do not agree with this enhancement, nor that it will result to power consumption benefits. 

	Intel
	Not supportive. See response to 4.2.2

	Huawei, HiSilicon
	We think that DL reference timing and pathloss reference can be based on a RS that is independent from cell ID. We think that a SFN transmission of CSI-RS like reference signal should be further studied, and specified if needed.

	LGE
	We do not support this enhancement. In Rel-17 power saving, idle/inactive UE can assume TRS only for a duration and it can be dynamically indicated by gNB. Semi-static TRS configuration was not introduced to avoid unnecessary TRS transmission which may increase NW overhead due to the RS transmission. 




4.7 Decoupling of communication and positioning BW
4.7.1 Summary of inputs
From reviewing the contributions in this meeting, in [2/HW, Hisilicon], it is proposed to study a RedCap UE to support low power high accuracy positioning:
· Proposal 3: RedCap UE with a larger bandwidth capability for positioning (e.g. 100MHz) than communication bandwidth (e.g. 20MHz or 5MHz) should be supported and is recommended for normative work. 

4.7.2 Round 1 discussion
FL comments: From my understanding, this issue is more like a discussion on UE capability in the normative work, but at this stage, we can at least clarify that the enhancement on low power and high accuracy positioning can be applicable to both eMBB and RedCap UEs. Hence, the following proposal is formulated:

Proposal 7 (I)
· From RAN1’s perspective, enhancements on low power high accuracy positioning is recommended for both eMBB and RedCap UEs, which can be provided with a larger bandwidth (e.g., 100 MHz) of PRS and/or SRS configurations.


	Company
	Comments

	Qualcomm
	We don’t see the need for this observation. RAN1/2 will work on a set of potential enhancements and there will be capabilities for these. Such capabilities could be applicable to any device. If the intention is to say that a a Redcap device can have 20 Mhz “communication BW” and “100 MHz PRS/SRS BW”, we don’t agree with this. From our side, this would be a new device type and we don’t agree introducing such a device. 

	Intel
	Not supportive. We are not sure this is in scope

	Huawei, HiSilicon
	We think that it should be identified as an enhanced RedCap UE, instead of different UE type. From the LPHAP cost perspective, we think this should be reasonable and appealing feature.
Regarding Qualcomm’s comment about new device type, we view it differently. 
It is an optional UE capability that can be supported by redcap UEs instead of new UE. Nowadays any new UE feature in principle can be optionally supported by redcap UE and it is just UE implementation choice so it is meaningless to debate whether it is new device or now in our opinion. 
Overall, we support this proposal and we think it should be an important component for redcap UE to achieve the target requirement of accuracy in addition to the requirement of battery life. 

	LGE
	Reduced BW size is one of the most important factor for RedCap UE. One of the most critical factor which may impact UE complexity and cost is RF BW size. Thus we believe that allowing larger RF BW for RedCap UE is not align with original intention of the RedCap device. 




4.8 Positioning for UEs in RRC_IDLE state
Background: In RAN2#119bis-e meeting, the following agreement was made:
Agreement:
Further discuss the two candidate solutions on how to report measurements taken in RRC_IDLE as below:
Alt1: measurement is performed in IDLE and reported in CONNECTED, including the concerns:
-	Whether the mechanism of measurement in IDLE and report in CONNECTED is more beneficial for power saving than legacy mechanism, i.e. RRC_INACTIVE positioning.
-	Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE.
Alt2: measurement is performed in IDLE and report is carried with initial access messages, including the concern:
-	Is there AS context/security issue on sending the measurements to LMF?
Meanwhile, RAN2 also discussed whether/how to support UL positioning for UEs in RRC_IDLE state but no agreement was achieved.

4.8.1 Summary of inputs
From reviewing the contributions in this meeting, 5 companies (vivo, CATT, InterDigital, Lenovo, Qualcomm) provide views on positioning for UEs in RRC_IDLE state. 
· 3 companies (vivo, Lenovo, Qualcomm) propose that DL PRS measurement in RRC_IDLE state should be supported. 
· 2 companies (CATT, InterDigital) propose to study DL measurement reporting for UEs in RRC_IDLE state, and 1 company (Lenovo) proposes to support SRS transmission in RRC_IDLE state. 


4.8.2 Round 1 discussion
FL comments: For the issue of whether/how to support DL measurement reporting in RRC_IDLE state is studied in RAN2, and based on the agreements in the last RAN2 meeting, no matter which Alt. is taken, the common part is that the measurement is performed in RRC_IDLE state. To my understanding, we can wait the progress in RAN2 and once RAN2 has agreement, RAN1 can directly discuss updates in TS 38.215 during normative work. 
In addition, for the issue of whether to support SRS transmission in RRC_IDLE state, I think we should also wait for RAN2’s progress. As in RRC_IDLE state, the UE context including the SRS configuration is released from NW side, and hence the feasibility of UL positioning should be confirmed by RAN2 before RAN1 to start the corresponding discussion.


	Company
	Comments

	Qualcomm
	If RAN1 can directly discuss updates in 38.215 during normative phase,it may be good to capture it in the TR. 

	ZTE
	OK, can wait for RAN2’s discussion.

	Xiaomi
	Fine to wait for RAN2’s conclusion 

	Intel
	RAN1 can at least confirm feasibility of DL measurement reporting or SRS transmission in IDLE mode



4.8.3 Round 2 discussion
FL comments: Based on the comments from Qualcomm, I further add a proposal regarding DL PRS measurement for UEs in RRC_IDLE state. Let’s see how companies stand on whether we can have such recommendation from RAN1’s perspective. 
Regarding Intel’s comments on confirming feasibility of DL measurement reporting or SRS transmission in IDLE mode. First, for the DL measurement reporting, we already concluded in Rel-17 SI that it is up to RAN2 to decide whether to support positioning reporting of DL measurements and/or positioning estimates for RRC_IDLE UEs, I don’t think we should revisit this conclusion and also I don’t think it is RAN1’s responsibility to confirm such feasibility. In addition, for the SRS transmission, I also don’t think RAN1 can confirm the feasibility. As in RRC_IDLE state, the UE context including the SRS configuration is released from NW side, whether the whole procedure for UL positioning is workable or not should be first confirmed by RAN2.

[Medium] Proposal 8 (I)
· From RAN1’s perspective, DL PRS measurement for UEs in RRC_IDLE state is feasible and can be recommended for the normative work.

	Company
	Comments

	LGE
	As far as I concern, there was no evaluation results and discussion that shows positioning for RRC IDLE UE will have power saving gain and beneficial to meet target battery life. Hence, I am not sure how RAN1 can recommend the normative work for LPHAP.

	
	

	
	




4.9 Enhancements on assistance data and/or measurement reporting
4.9.1 Summary of inputs
From reviewing the contributions in this meeting, enhancements on assistance data delivery and/or measurement reporting to save power are discussed by 2 companies (Nokia/NSB, OPPO):
· In [7/Nokia, NSB], it is proposed to study optimization on the measurement reporting and assistance data delivery, e.g., skip some measurement reports, partial updates of PRS assistance data or partial reports of DL measurements for UEs in RRC_INACTIVE mode.
· In [10/OPPO], it is proposed to study whether to introduce more candidate values for the reporting interval for the UE power saving.

4.9.2 Round 1 discussion
FL comments: It seems not clear what is the RAN1 specification impact on enhancements regarding measurement reporting and/or assistance data delivery. On the other hand, the performance gain of such enhancements is not clear as no source provides related evaluations. We can simply infer that as partial updates of assistance data and/or measurements may only reduce the payload, and hence the duration of power states such as PDCCH+PDSCH and UL, the power saving gain would be trivial when compared to other enhancements. Nevertheless, my understanding is that if other WGs propose to support enhancements on measurement report and/or assistance data delivery, we can further discuss RAN1 specification impact during the normative work.


	Company
	Comments

	ZTE
	OK, can wait for other groups conclusion.

	LGE
	Ok 

	Nokia/NSB
	We think measurement reporting skipping needs to be discussed in Proposal 2(II). If the UE does not need to report measurements as the measurements are similar to what the UE previously reported, the UE could reduce power.

	Spreadtrum
	OK





4.10 Others
4.10.1 Summary of inputs
From reviewing the contributions in this meeting, the following potential solutions are either proposed by single company without results for showing performance gains, or do not matter much with power consumption reduction:
· In [6/Nokia, NSB], it suggests to consider the impact of BWP switching on power consumption when SRS outside of initial UL BWP is configured in RRC_INACTIVE state:
· Proposal 6: Further study how to avoid frequent BWP switching to transmit SRS outside of the initial UL BWP is recommended in normative work.
· In [16/LGE] and [17/NTT DOCOMO], enhancements on priority of PRS and/or SRS is discussed in terms of positioning accuracy and latency.
· Proposal #2 ([16/LGE]): Consider dynamic indication of priority between positioning SRS and other UL channels in RRC inactive state.
· Proposal 1 ([17/NTT DOCOMO]): 
· To achieve the requirements of Rel-18 LPHAP (i.e., use case 6 defined in TS 22.104), high reception priority of DL-PRS in RRC_INACTIVE state may be needed.
· One possible solution is to reuse PPW for high priority reception of DL-PRS. In addition, RAN1 may need to discuss additional specification impacts in WI phase.
· Proposal 2 ([17/NTT DOCOMO]): 
· To achieve the requirements of Rel-18 LPHAP (i.e., use case 6 defined in TS 22.104), high transmission priority of SRS for positioning in RRC_INACTIVE state may be needed.
· One possible solution is to introduce transmission priority indicator between SRS for positioning and other DL/UL signals. Additional specification impacts can be discussed in WI phase.

4.10.2 Round 1 discussion
FL comments: Companies are encouraged to provide your views, if any, on such enhancements whether it should be recommended for normative work from RAN1’s perspective.

	Company
	Comments

	ZTE
	We prefer concentrate more on the power-saving aspects. Or can discuss the details if there’s battery life enhancement observations.

	Xiaomi
	Support to discuss the priority of PRS/SRS and other channels/signals 

	Nokia/NSB
	For UL SRS transmission outside of BWP, the UE should perform RF switching as the UE should stay in the initial BWP other than the timing that UE transmit SRS outside of the BWP. We think RAN1 should discuss this issue.
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Appendix A: Agreements in previous RAN1 meetings
A.1 RAN1#109-e meeting
Agreement
Confirm that use case 6 defined in TS 22.104 is the single representative use case for the study of LPHAP.

Agreement
At least the relative power unit is adopted as the performance metric to evaluate the power consumption of the Rel-17 RRC_INACTIVE state positioning and potential enhancements.

Agreement
A reference device (e.g., a mobile phone) with reference traffic type, reference battery capability, and reference battery life is defined for the purpose of identification of the performance gap that achieved by the Rel-17 RRC_INACTIVE state positioning baseline and the target battery life of LPHAP use case 6.

Agreement
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per position fix (baseline); 4-sample measurement per position fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.

Agreement
In the LPHAP evaluation, the power consumption of 5GC data traffic is not modelled. Only the power consumption of the traffic type related to LPHAP positioning (e.g., obtaining/updating SRS configurations, DL PRS measurement reporting, etc.) is considered.
· Note: This does not preclude the power consumption of paging monitoring in the baseline evaluation, but rather assumes that no power consumption of 5GC data traffic is considered during a power cycle.

Agreement
Adopt the following power consumption model common for the baseline evaluation of Rel-17 RRC_INACTIVE state positioning.

	Power State
	Relative power

	PDCCH-only (PPDCCH)
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	SSB proc. (PSSB)
	50

	UL
	250 (0 dBm)
700 (23 dBm)

	(Optional) PRACH
	[210]

	(Optional) BWP switching
	[50]

	(Optional) Intra-frequency RRM measurement (Pintra)
	[60] (synchronous case, N=8, measurement only; Pintra, meas-only)
[80] (combined search and measurement; Pintra, search+meas)

	(Optional) Inter-frequency RRM measurement (Pinter)
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Agreement
Adopt the following power consumption model for UL SRS for positioning transmission.

	Power State
	Relative power

	SRS
	210 (baseline);
700 (optional)




Agreement
· In Rel-18 low power and high accuracy positioning, adopt the following requirement: 
· Horizontal positioning accuracy < 1 m for 90% of UEs
· Positioning interval / duty cycle of 15-30 s
· UE battery life of 6 months – 1 year
· Note: Setting an exact value each from the set of positioning interval / duty cycle and UE battery life in the evaluation and identification of performance gap will be discussed separately when necessary.

Conclusion
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.

Agreement
· Study further at least the following models and parameter values of conversion between the relative power unit and the battery life to identify the performance gap:
· Alt. 1: battery life is used as the metric to identify the gap
· Example:


· Alt. 2: relative power unit is adopted as the metric to identify the gap
· Example:


in which
· C1 is the battery capacity of the reference device;
· T1 is the battery life of the reference device;
· P1 is the relative power unit obtained based on the reference traffic type;
· X is the percentage of the power consumed by the reference traffic type;
· C2 is the battery capacity of the LPHAP device;
· P2 is the evaluated relative power unit of the LPHAP device;
· P2_req is the target relative power unit of the LPHAP device;
· T2_req is the target battery life of the LPHAP device
· Examples of these parameters are provided as follows:
	C1
	T1
	X
	reference traffic type
	C2
	T2req

	[4500] mAh
	[10] hours
	[20] %
	[FTP (model 3)]
	[800] mAh
	[12] months



Agreement
Adopt the following periodicity of DL PRS / UL SRS for positioning in the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· 1 DL PRS / UL SRS for positioning occasion per N I-DRX cycle(s); 
· Candidate values of N to evaluate is 1 and 8 for I-DRX cycle of 1.28s;
· Note: Individual company may consider either one or both in the evaluation.
· Candidate value of N to evaluate is 1 for I-DRX cycle of 10.24s.

Agreement
· The I-DRX configuration is included in the baseline evaluation of Rel-17 RRC_INACTVIE positioning.
· Note: This does not preclude the case where no I-DRX cycle nor paging is considered in the evaluation of potential solutions to maximize the battery life.
· Adopt the following I-DRX cycle to evaluate:
· 1.28s (baseline); 10.24s (optional).

Agreement
· Adopt the power consumption model, additional transition energy and total transition time of the three sleep types (deep sleep, light sleep, and micro sleep) in TR38.840 as the evaluation baseline:
· FFS: whether/how an additional new ultra-deep sleep mode can be considered in the evaluation of potential solutions to maximize the battery life, including the determination of the relative power, additional transition energy and total transition time, if necessary.

Agreement
· Adopt the following reference configuration and assumption for DL PRS to define the power consumption model for DL PRS measurement:
· 1 Number of PFL;
· 8 DL PRS resources per slot are measured;
· DL PRS instance of smaller than or equal to 1 slot duration;
· Adopt the following table as the power consumption model for DL PRS measurement (derived from Table 22 in TR38.840):

	N: Number of TRPs for DL PRS measurement
	Synchronous case (baseline)
	Asynchronous case (optional)

	
	FR1 (baseline)
	FR2 
(optional)
	FR1
	FR2

	N=4 (baseline)
	120
	195
	140
	255

	N=8 (optional)
	150
	225
	170
	285



Agreement
· For DL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· For the UE-assisted DL positioning,
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· CG-SDT with 1ms duration and the periodicity of positioning interval;
· RRCRelsease after the CG-SDT can be optionally included with [1] ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· (Optional) RA-SDT (e.g., including CORSET0 + SIB1, PRACH, RAR, Msg 3/4/5) in case of CG-SDT is unavailable;
· For the UE-based DL positioning,
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· DL PRS measurement with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UE-assisted DL positioning is also applicable to the DL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.

Agreement
· For UL positioning, at least the following power components and parameter values are considered for the baseline evaluation of Rel-17 RRC_INACTIVE positioning:
· SSB proc. with 2 ms duration and the periodicity of I-DRX cycle;
· Paging with 2 ms duration, the periodicity of I-DRX cycle, and group paging rate of 10%;
· UL SRS for positioning transmission with 0.5 ms duration;
· (Optional) BWP switching with [1] ms duration;
· (Optional) Intra-/inter-frequency RRM measurement in low SINR condition with [1] ms duration;
· Note: The power component and parameter values for UL positioning is also applicable to the UL part of UE-assisted DL+UL positioning method.
· Note: Individual company may consider additional power components and different parameter values in bracket in the evaluation.
· Note: Companies are encouraged to provide the assumption on the timeline between different power consumption events in the evaluation of potential enhancements to reduce the transition times between different power states and to extend the sleeping time as much as possible.

A.2 RAN1#110 meeting
Agreement
In the LPHAP evaluation, adopt the following model to convert the relative power unit to the battery life:
· Alt. 1: battery life is used as the metric to identify the gap


· K is an implementation factor, K = 1 (baseline); K = 0.5, 2, 4 (optional)
· Note: The definition of the notations will be captured in the updates of TR.
· Note: The voltage is assumed to be the same for the reference device and the LPHAP device.

Agreement
· In the LPHAP evaluation, adopt the following example parameter values in the conversion model to evaluate the battery life:
· For the reference device in the conversion model:
	C1 (mAh)
	T1 (hour)
	X
	reference traffic type

	4500
	12
	20% 
	FTP (model 3)


· For the LPHAP device, consider 2 types in the conversion model:
	LPHAP device
	C2 (mAh)
	T2req (month)

	Type A (baseline)
	800
	6~12

	Type B (optional)
	4500
	6~12


· Note: As the reference device and LPHAP device characteristics, and therefore the parameter values of the model for determining battery life, is dependent on implementation factors, manufacturer, design options and cost options, it is up to individual company to evaluate the optional K values, and report the corresponding parameter values.
Agreement
In the LPHAP evaluation, adopt the example value of relative power unit of the reference device P1 = 50 to further align the battery life among companies.

Agreement
For the purpose of LPHAP evaluation, an ultra-deep sleep state is considered. The following options of the power consumption model of the ultra-deep sleep state can be further discussed:
· Option 1:
· The relative power unit: 0.015
· Additional transition energy: 2000
· Total transition time: 400ms
· Option 2:
· The relative power unit: 0.01
· Additional transition energy: 450;
· Total transition time: 25ms
· FFS: restrictions in processing associated with option 2 after the UE comes out of ultra-deep sleep state
· Notes: the values above can be further discussed
Agreement
For option 1 in the agreement above, the value of additional transition energy is changed to “a value between 2000 and 20000”. FFS which value.

Agreement
· For the purpose of LPHAP evaluation, the following assumptions on eDRX configuration and/or paging reception can be optionally considered:
· The eDRX cycle to evaluate: 20.48s; 30.72s;
· For paging reception:
· 1 paging occasion is included in one eDRX cycle
· 10% paging rate
· No paging reception can be optionally evaluated;
· 1 DL PRS and/or UL SRS for positioning occasion per 1 eDRX cycle 
· Minimizing the gap between PRS measurement, SRS transmission and/or measurement reporting with paging monitoring in time domain can be evaluated.

Agreement
The tables to collect evaluation results from each source in section 3.3.2 of R1-2207993 are endorsed.

Agreement
Capture the following in TR as an observation:
· Evaluations of baseline Rel-17 RRC_INACTIVE state positioning with the evaluation assumptions agreed for the study show that the power consumption on deep sleep state accounts for the highest proportion in the total power.

A.3 RAN1#110bis-e meeting
Conclusion
· From evaluations for a LPHAP device, RAN1 concludes that the existing Rel-17 positioning for UEs in RRC_INACTIVE state cannot satisfy the target battery life required by LPHAP use case 6 in the majority of the evaluation scenarios that were examined. 
· Based on the evaluations, enhancements to meet the target battery life in Rel-18 are necessary.


Observation
Capture the following in TR as an observation:
· For the evaluation on the battery life of the baseline LPHAP Type A device with battery capacity C2 of 800mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with baseline implementation factor K = 1 and baseline evaluation assumptions;
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with optional implementation factor K or optional evaluation assumptions;
· For UE-assisted DL positioning, results are provided by 13 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [10/Sony], [11/ZTE], [12/xiaomi], [13/CMCC], [16/Samsung], [18/LGE], [20/Qualcomm], [21/Ericsson]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 13 sources ([2],[4],[5],[6],[8],[10],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 13 sources ([2],[4],[5],[6],[8],[10],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for measurement reporting, and implementation factor K = 4
· For UE-based DL positioning, results are provided by 10 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [11/ZTE], [12/xiaomi], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 10 sources ([2],[4],[5],[6],[8],[11],[12],[13],[18],[20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 10 sources ([2],[4],[5],[6],[8],[11],[12],[13],[18],[20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4.
· For UL positioning, results are provided by 12 sources ([2/HW,Hisilicon], [4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [8/CATT], [11/ZTE], [12/xiaomi], [13/CMCC], [16/Samsung], [18/LGE], [20/Qualcomm], [21/Ericsson]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 12 sources ([2],[4],[5],[6],[8],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 12 sources ([2],[4],[5],[6],[8],[11],[12],[13],[16],[18],[20],[21]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4.
· For DL+UL positioning, results are provided by 1 source ([20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 0 source, and is not achieved by 1 source ([20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· The target requirement of 12 months is achieved by 0 source, and is not achieved by 1 source ([20]) even with the most power efficient case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4.
· For the evaluation on the battery life of the optional LPHAP Type B device with battery capacity C2 of 4500mAh:
· Based on the results provided by all sources, the target requirement of 6~12 months is not achieved by the existing Rel-17 positioning for UEs in RRC_INACTIVE state with the baseline implementation factor K=1 and baseline evaluation assumptions;
· For UE-assisted DL positioning, results are provided by 8 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [10/Sony], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2, and is not achieved by 6 sources with the implementation factor K < 4 ([4],[5],[6],[10],[13],[20]) and by 2 sources ([11],[18]) with the implementation factor K < 2; 
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, CG-SDT for reporting and implementation factor K = 4, and is not achieved by 8 sources ([4],[5],[6],[10],[11],[13],[18],[20]) with the implementation factor K < 4.
· For UE-based DL positioning, results are provided by 7 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2 , and is not achieved by 5 sources with the implementation factor K < 4 ([4],[5],[6],[13],[20]) and by 2 sources ([11],[18]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, and implementation factor K = 4, and is not achieved by 7 sources ([4],[5],[6],[11],[13],[18],[20]) with the implementation factor K < 4.
· For UL positioning, results are provided by 7 sources ([4/Spreadtrum], [5/vivo], [6/Nokia,NSB], [11/ZTE], [13/CMCC], [18/LGE], [20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 4 sources ([4],[6],[13],[20]) with the implementation factor K = 4 and by 2 sources ([11],[18]) with the implementation factor K >= 2, and is not achieved by 5 sources ([4],[5],[6],[13],[20]) with the implementation factor K < 4 and by 2 sources ([11],[18]) with the implementation factor K < 2;
· The target requirement of 12 months is achieved by 3 sources ([11],[18],[20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, and implementation factor K = 4, and is not achieved by 7 sources ([4],[5],[6],[11],[13],[18],[20]) with the implementation factor K < 4.
· For DL+UL positioning, results are provided by 1 source ([20/Qualcomm]) out of 20 sources, and the following is observed:
· The target requirement of 6 months is achieved by 1 source ([20]) with implementation factor K = 4, and is not achieved by 1 source ([20]) with implementation factor K < 4;
· The target requirement of 12 months is achieved by 1 source ([20]) with the case that I-DRX cycle of 10.24s, 1 RS per 1 I-DRX cycle, high SINR, no SRS (re)configuration, CG-SDT for measurement reporting, and implementation factor K = 4, and is not achieved by 1 source ([20]) with implementation factor K < 4.
· Note: The implementation factor K is a factor related to the reference device in the model to convert the relative power unit to the battery life. Four values are introduced for K with K = 1 as the baseline and K = 0.5, 2, 4 as optional values. The model is captured in the Annex A.4.
· Note: Without otherwise noted, “high SINR” in the observation refers to the evaluation case that no intra-/inter-frequency RRM and single SSB for synchronization purpose is considered.
(Not captured in TR) Note: The number of sources and the references can be further updated in next meeting depending on companies’ updates of simulation results.

Conclusion
· Evaluations show that UE (re)entering RRC_CONNECTED state to obtain SRS (re)configuration increases power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.

Agreement
· For UL and DL+UL positioning for UEs in RRC_INACTIVE, study the potential benefits and performance gains of enhancements on SRS for positioning in order to avoid frequent SRS (re)configuration, including at least the following:
· The (pre-)configuration of SRS for positioning. FFS details, e.g., signaling and procedure, whether/how it is applicable to an area across multiple cells, consideration of UL overhead/capacity implied by (pre-)configuration and multiple cells, etc;
· SRS for positioning activation/request procedure(s), e.g., network activation of SRS via paging, UE request to obtain/update SRS via RACH-based procedure;
· FFS: Events of invalidity of SRS configuration to trigger the UE request procedure.
· FFS whether it is applicable to UEs in RRC_IDLE state.

Conclusion
· Evaluations show that extending paging DRX cycles beyond 10.24s provide power saving gains with respect to that with the baseline DRX cycle of 1.28s and is beneficial towards meeting the battery life requirement 
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources and to show the achievable gains.

Conclusion
· Evaluations show that minimizing gaps between PRS/SRS/paging/reporting/synchronization RS reduces the power consumption;
· Note: This intermediate conclusion may be updated before capturing it in the TR if new/different evaluations are provided and to add information about the number of sources.

Agreement
For the LPHAP study only:
· For the power consumption model of the ultra-deep sleep type, adopt the following option (i.e. revision of option 1 from previous agreement):
· The relative power unit: 0.015
· Additional transition energy: 10000
· Note: Power consumption analysis from individual companies with additional transition energy of 5000 can be optionally evaluated and captured in the TR.
· Total transition time: 400ms
· Note: Power consumption analysis from individual companies with Option 2 (revised from previous agreement) can be optionally evaluated and captured in the TR.
· Option 2 additional transition energy is revised from 450 to 480.
· Note: No new device type is expected based on ultra-deep sleep power modeling.

Appendix B: Contact information
The contact information of delegates in charge of LPHAP AI is summarized in the following table for your information.
	Company
	Name
	Email

	CMCC
	Jingwen Zhang
	zhangjingwen@chinamobile.com

	vivo
	Yuanyuan Wang
	yuanyuan.wang.txyj@vivo.com

	Huawei, HiSilicon
	Jinhuan Xia
	Jinhuan.xia@huawei.com

	CATT
	Ren Da
	renda@catt.cn

	Qualcomm
	Alex Manolakos
	amanolak@qti.qualcomm.com

	OPPO
	Zhihua Shi
	szh@oppo.com

	Xiaomi
	Mingju Li
	limingju@xiaomi.com

	Samsung
	Hongbo Si
	hongbo.si@samsung.com

	Lenovo
	Alexander Golitschek
	aelbwart@lenovo.com

	Ericsson
	Florent Munier
	Florent.munier@ericsson.com

	NTT DOCOMO
	Masaya Okamura
	masaya.okamura.ea@nttdocomo.com

	Spreadtrum
	Zhenzhu lei
	reven.lei@unisoc.com

	ZTE
	Chuangxin Jiang
	jiang.chuangxin1@zte.com.cn

	InterDigital
	Fumihiro Hasegawa
	Fumihiro.hasegawa@InterDigital.com
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