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Introduction
RRM impacts of LPHAP are discussed in RAN4#106-bis-e, and outcomes are captured in WF [1]. Based on [1] the following issues are to be further discussed.
· eDRX cycle beyond 10.24s in INACTIVE
· SRS positioning validity area
· PRS measurement in IDLE
In this paper we will provide our views on RRM impacts of LPHAP.
Discussion
eDRX cycle beyond 10.24s in INACTIVE
	Issue 1-1-1: PRS measurement requirements
· Agreement (from GTW)
· Define requirements for normal (non-RedCap) and RedCap type of devices
· Define measurement requirements when eDRX is larger than 10.24s. FFS whether to define requirements for eDRX cycle less or equal to 10.24s
· Wayforward
· FFS whether to define requirements for eDRX <= 10.24s
· Option 1: Define requirements for eDRX <= 10.24s
· Option 2: Not to define requirements for eDRX <= 10.24s
· Option 3: Define requirements for eDRX <= 10.24s for RedCap UE, and FFS for non-RedCap UE
· Option 4: other


We support to define requirements for eDRX <= 10.24 s for both normal (non-RedCap) and RedCap UEs. In our view, the reason why only eDRX > 10.24 s is specified in the WID is because eDRX <= 10.24 s was already supported in Rel-17. This is a missing part in Rel-17 and should be fixed in Rel-18.
Proposal 1: RAN4 to define requirements for PRS measurement in INACTIVE with eDRX <= 10.24s for both RedCap and non-RedCap UEs.
	Issue 1-1-2: Baseline for new PRS measurement requirements
· Wayforward
· FFS how to define requirements for eDRX <= 10.24s, if requirements are to be defined
· Option 1: the requirements for RRC_INACTIVE state in R17 can be reused as baseline
· Option 2: other
· FFS how to define requirements for eDRX cycle larger than 10.24s.
· Option 1: the requirements for RRC_INACTIVE state in R17 are reused as baseline
· Option 2: the requirements for eDRX cycle > 10.24 sec in Rel-18 eRedCap WI are considered
· Option 3: other


For PRS measurement in INACTIVE with eDRX <= 10.24s, it is straightforward to use the requirements for INACTIVE in Rel-17 as baseline. The change is that 5.12s and 10.24s eDRX cycle need to be considered in the definition of Tavailable, as only DRX cycle is considered in Rel-17. 
Proposal 2: For PRS measurement in INACTIVE with eDRX <= 10.24s, the requirements for INACTIVE in Rel-17 are reused as baseline.
For PRS measurement in INACTIVE with eDRX <= 10.24s, we also support to use the requirements for INACTIVE in Rel-17 as baseline. We understand the difference between option 1 and option 2 is whether PRS measurement is limited to PTW or not. If we follow option 2, PRS measurement would be only expected during PTW which is the assumption for RRM requirements in Rel-18 eRedCap WI. It will result at very long measurement delay when eDRX is large (up to 2.9h) and cannot meet the service requirements for LPHAP use case 6 (10 – 30s positioning interval).
Proposal 3: For PRS measurement in INACTIVE with eDRX > 10.24s, the requirements for INACTIVE in Rel-17 are reused as baseline with PRS measurement not limited to PTW.
	Issue 1-1-3: Adaptations for new PRS measurement requirements
· Agreement
· The following R17 enhancements for latency reduction are supported for PRS measurement with eDRX in RRC_INACTIVE
· Reduced number of PRS samples
· parallelPRS-MeasRRC-Inactive-r17 capability
· Lower Rx beam sweeping in FR2
· Wayforward
· FFS whether ONLY reduced number of samples is considered with a higher SINR side condition
· FFS whether and how to take the alignment between eDRX and PRS configuration into account based on RAN2 progress
· FFS whether to define a scaling factor related to eDRX in the period requirement calculation
· FFS whether and how to update Tavailable in the requirements when eDRX cycle is much larger than positioning interval
· Other adaptations are not precluded


We do not support to only consider reduced sample number for PRS measurement in INACTIVE with eDRX. It is noted that reduced sample number is an optional UE capability, and it is unreasonable to require all UEs supporting LPHAP to support reduced sample number. Also, it may be too restrictive to only consider high SINR condition for LPHAP from NW perspective.
Proposal 4: Both normal and reduced sample numbers are considered for PRS measurement in INACTIVE with eDRX.
As discussed in issue 1-1-2, the assumption for RRM requirements in Rel-18 eRedCap WI is that UE is not expected to measure outside PTW. If we follow the same principle, UE would perform PRS measurement only within PTW. It is noted that the time between two PTWs depends on eDRX cycle, which can be up to 10485.76s (~2.9h). On the other hand, LPHAP use case 6 requires positioning interval of 15-30s. Clearly, PRS measurement every 2.9h cannot meet the requirement of the use case.
	SA1 has introduced requirements for LPHAP (Low Power High Accuracy Positioning) for industrial IoT scenarios including use cases such as massive asset tracking, AGV tracking in industrial factory and person localization in danger zones. The SA1 requirements are for high accuracy and extremely low power consumption with battery life sustainable up to one or more years. A typical scenario of interest is use case #6 as defined TS 22.104, which corresponds to tracking of workpiece (in- and outdoor) in assembly area and warehouse with a target accuracy of <1m, a positioning interval of 15-30 seconds, and a battery life of 6-12 months. While Rel-17 NR positioning has introduced support for positioning in RRC_INACTIVE state, whether the current system allows LPHAP requirements to be met was not evaluated during Rel-17.


The issue of mismatch between eDRX cycle and positioning interval is shown in Figure 1.
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Figure 1: Example of mismatch between eDRX cycle and positioning interval
We suggest RAN4 to discuss how to define Tavailable in PRS measurement period with eDRX > 10.24s. Based on discussion above, RAN4 should not simply replace DRX cycle with eDRX cycle.
	-	, the least common multiple between  and the DRX cycle length 


Proposal 5: RAN4 to discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24s.
On the alignment between eDRX and PRS configuration, we understand it is an optimization of the NW configuration. We do not see direct impact on the PRS measurement requirements because UE measurement is always based on NW configuration, no matter eDRX and PRS are aligned or not. We are open to other views on the possible impacts.
On the scaling factor for eDRX, we assume it is easier to account for the eDRX cycle in the definition of Tavailable as in Proposal 5, compared to defining a new scaling factor.
	Issue 1-1-4: RRM measurement requirements
· Wayforward
· FFS whether and how to define RRM measurement requirements for positioning specific needs with > 10.24s eDRX cycle in RRC_INACTIVE
· RRM measurement requirements from eRedCap WI are to be considered as baseline
· Positioning specific needs are to be considered
· Note the eDRX cycle can be much larger than the positioning interval


The mismatch between eDRX cycle and positioning interval in Figure 1 also needs to be considered in RRM measurement requirements. Performing RRM measurement only within PTW is reasonable considering the need of paging reception, but it may not be sufficient considering positioning specific needs. 
· For PRS measurement, UE needs to have serving cell timing to determine the search window. If it does not perform cell reselection timely as it may lose sync to the serving cell.
· For SRS transmission, UE would need to synchronize to the reference cell (how to determine reference cell is discussed in RAN1) to obtain the DL reference timing. Also, UE needs the serving cell RSRP for the validation of SRS transmission. 
For example, assuming SRS periodicity of 10.24s and no positioning validity area, UE can only transmit SRS when it is still in the serving cell where SRS is configured. When UE is configured with 2.9h eDRX, UE would consider serving cell RSRP unchanged for 2.9h and transmit SRS even it has moved to another cell during this 2.9h. 
Therefore, UE may need to perform additional RRM measurement for positioning specific needs outside PTW. This includes at least serving or reference cell measurement, and in some cases also neighbor cell measurement for cell reselection. We are open to discuss the exact requirements and the applicability.
Proposal 6: RAN4 to define RRM measurement requirements for positioning specific needs with RRM measurement not limited to PTW, details are FFS.
SRS positioning validity area
	Issue 1-2-1: General impacts of SRS positioning validity area
· Wayforward
· Subject to progress in RAN1 and RAN2, RAN4 to investigate and specify the RRM impacts, if any, due to the introduction of SRS positioning validity area. 
· The applicability of UE Rx-Tx measurement requirements will be studied, and revisited/updated if necessary, based on RAN1 and RAN2 agreements on SRS positioning validity area, details FFS.
· Other RRM impacts are not precluded.


One RRM impact due to SRS positioning validity area is the applicability of UE Rx-Tx requirements. Some detailed analysis is provided in [2]. 
One issue is related to the following applicability condition.
	5.6.4.2	Requirements Applicability
The requirements in clause 5.6.4 apply for periodic and triggered UE Rx-Tx time difference measurements, provided:
-	UE Rx-Tx time difference measurement related side conditions given in clause 10.1.25 are met for a corresponding band.
-	SRS is configured on the PCell. 


In Rel-17, SRS can only be configured on PCell in INACTIVE. When UE reselects to another cell, the SRS configuration from the old serving cell becomes invalid. UE is not expected to transmit SRS before it gets new SRS configuration from the new serving cell. As a result, the UE Rx-Tx requirements do not apply. 
With SRS positioning validity area, UE may continue to transmit SRS based on the configuration from the old serving cell even it reselects to a new serving cell, as long as the new and old serving cells are in the same SRS positioning validity area. In this sense, we suggest to update the highlighted condition to something like “SRS configuration is valid for the PCell”. As long as UE has the valid SRS configuration, it could perform UE Rx-Tx measurement.
Proposal 7: RAN4 to update the applicability condition of UE Rx-Tx requirements “SRS is configured on the PCell” to e.g. “SRS configuration is valid for the PCell”.
Another issue brought up in [2] is related to UL timing. In Rel-16 RAN4 defined the applicability when there is TA change, NTA_offset change and UE autonomous timing adjustment. 
	If UE uplink transmission timing changes due to the network-configured Timing Advance command during the UE Rx-Tx measurement period, then the UE Rx-Tx time difference measurement period is restarted after uplink transmission timing changes, and the UE Rx-Tx time difference measurement period requirements in this clause shall not apply.
If UE uplink transmission timing changes due to the change in the NTA_offset defined in Table 7.1.2-2 during the UE Rx-Tx measurement period, then the UE Rx-Tx time difference measurement period is restarted after uplink transmission timing changes, and the UE Rx-Tx time difference measurement period requirements in this clause shall not apply.
If UE uplink transmission timing changes due to the UE autonomous timing adjustment defined in clause 7.1.2 during the UE Rx-Tx measurement period, then:
-	UE Rx-Tx measurement period requirements in this clause shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission.
-	UE Rx-Tx measurement period requirements in this clause shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission. The UE Rx-Tx time difference measurement period may be restarted in such case.


With SRS positioning validity area, RAN1 is discussing the determination of UL timing for SRS, and many possible solutions are under discussion. Since there is no conclusion in RAN1, we suggest RAN4 to wait for further RAN1 progress on SRS UL timing before discussing applicability condition of UE Rx-Tx requirements related to UL timing change.
Proposal 8: RAN4 to wait for further RAN1 progress on SRS UL timing before discussing applicability condition of UE Rx-Tx requirements related to UL timing change.
Another issue brought up in [2] is related to spatial relation. It is true that in Rel-17 INACTIVE, UE would stop the SRS transmission if it cannot confirm the validity of the spatial relation source RS. However, RAN4 has not defined requirement applicability related to validation of SRS transmission, so we do not see direct impact from spatial relation validity. We are open to other views on the impacts.
PRS measurement in IDLE
	Issue 1-3-2: Adaptations for new PRS measurement requirements
· Agreement
· RAN4 will specify NR positioning requirements in RRC_IDLE for DL-only positioning methods and measurements.
· Note: UE Rx-Tx is not considered as DL-only measurement, and no requirement would be defined for UE Rx-Tx in RRC_IDLE.
· For UEs capable of performing RRM measurement and PRS measurement in parallel to each other in RRC_IDLE mode Kcarrier_PRS = 1.
· For UEs that are not capable of performing RRM measurement and PRS measurement in parallel to each other in RC_IDLE mode then Kcarrier_PRS is calculated as:
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, , where  is defined in clause 4.2.2.4 of 38.133.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, , where  is defined in clause 4.2.2.7 of 38.133.
· Wayforward 
· FFS whether the reporting delay for PRS measurements performed in RRC_IDLE needs to account for extra delay to transition to RRC_CONNECTED state.
· FFS whether to reuse values from Rel. 17 for NRx,TEG,i and NRxBeam,i in positioning measurement delay requirements for RRC_IDLE state.
· FFS whether reduced sample number are considered in requirements for PRS measurement in RRC_IDLE
· FFS whether Rel. 17 accuracy requirements in RRC_INACTIVE state for Nsample = 4 also apply to positioning measurements in RRC_IDLE.  
· FFS impact of paging cycle on positioning measurement delay requirement
· Other adaptations are not precluded


On the reporting delay, we have the following requirements from Rel-17 for INACTIVE.
	For RSTD measurements performed by the UE in RRC_INACTIVE state, The measurement reporting delay excludes all of the following:
-	additional delay caused other LPP signalling on the DCCH,
-	delay uncertainty introduced when inserting the measurement report in the TTI of the uplink DCCH, equal to 2 x TTIDCCH where TTIDCCH is the duration of subframe or slot or subslot when the measurement report is transmitted on the PUSCH with subframe or slot or subslot duration,
-	any delay caused by unavailability of UL resources to transmit the measurement report,
-	any transmission delay needed by SDT,
-	the time needed to transition to RRC_CONNECTED state to report the measurements.


It can be seen that the extra delay to transition to CONNECTED state has been considered. It is reasonable to re-use same principle for IDLE. 
Proposal 9: The reporting delay for PRS measurements performed in IDLE needs to account for extra delay to transition to CONNECTED state.
On the number of Rx beams, some companies commented that the lower Rx beam number has been used in IDLE RRM requirements. This is the case for RRM with large DRX cycles, and the assumption is that UE would perform Rx beam sweeping using SMTC occasions in between two paging occasions. There will be extra power consumption, but considering large DRX cycle can already help power saving, this assumption is used to achieve trade-ff between power consumption and measurement delay. It does not mean the actual Rx beam number if reduced in IDLE. 
For PRS measurement, considering the typical PRS periodicity is large, there may not be enough redundant PRS occasions for UE to do Rx beam sweeping. Also, the context is LPHAP so power consumption should be prioritized as long as the service requirements can be met. Therefore, we suggest to re-use the Rel-17 NRxBeam,i for IDLE.
Proposal 10: reuse values from Rel-17 for NRx,TEG,i and NRxBeam,i in positioning measurement delay requirements for IDLE.
In last meeting some companies suggested to not consider reduced sample number for IDLE. During the discussion it was clarified that the concern is mainly for the RedCap with FH. We agree that whether to support reduced sample number for RedCap with FH should be further discussed, while for non-FH case we believe both normal and reduced sample numbers should be considered.
Proposal 11: Except for RedCap with FH, both normal and reduced sample numbers are considered in requirements for PRS measurement in IDLE.
In last meeting some companies proposed to study the impact of paging cycle on positioning measurement delay requirement. The proposal is a bit broad, and it is not clear what kinds of impacts are considered, so we are open to discussing based on further inputs from proponent companies. 
Conclusions
In this paper we provided our views on RRM impacts of LPHAP.
Proposal 1: RAN4 to define requirements for PRS measurement in INACTIVE with eDRX <= 10.24s for both RedCap and non-RedCap UEs.
Proposal 2: For PRS measurement in INACTIVE with eDRX <= 10.24s, the requirements for INACTIVE in Rel-17 are reused as baseline.
Proposal 3: For PRS measurement in INACTIVE with eDRX > 10.24s, the requirements for INACTIVE in Rel-17 are reused as baseline with PRS measurement not limited to PTW.
Proposal 4: Both normal and reduced sample numbers are considered for PRS measurement in INACTIVE with eDRX.
Proposal 5: RAN4 to discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24s.
Proposal 6: RAN4 to define RRM measurement requirements for positioning specific needs with RRM measurement not limited to PTW, details are FFS.
Proposal 7: RAN4 to update the applicability condition of UE Rx-Tx requirements “SRS is configured on the PCell” to e.g. “SRS configuration is valid for the PCell”.
Proposal 8: RAN4 to wait for further RAN1 progress on SRS UL timing before discussing applicability condition of UE Rx-Tx requirements related to UL timing change.
Proposal 9: The reporting delay for PRS measurements performed in IDLE needs to account for extra delay to transition to CONNECTED state.
Proposal 10: reuse values from Rel-17 for NRx,TEG,i and NRxBeam,i in positioning measurement delay requirements for IDLE.
Proposal 11: Except for RedCap with FH, both normal and reduced sample numbers are considered in requirements for PRS measurement in IDLE.
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