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At the RAN#98e meeting, the WID on expanded and improved NR positioning RP-223549 [1] was approved including the following objective related to LPHAP, wherein the part related to RAN1 is marked in red.
	· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: 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 [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


And at the RAN1#111 meeting [2], some agreements below for LPHAP were achieved.
	Agreement
Reply to RAN2 with regards to the feasibility of SRS in multiple cells as the following
· SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective after checking the potential issues of interference, timing alignment (depending on uplink synchronization conditions), spatial relation, and power control, with or without potential enhancements depending on deployment conditions.
Agreement
Reply to SA2 with regards to LPHAP information delivery to RAN as the following.
· [bookmark: _Hlk119439470]RAN1 currently has not identified the need from the physical layer perspective for SA2 to consider LPHAP information delivery to RAN before the positioning procedure is triggered.
Agreement
· For the conclusion section of the TR: 
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent RRC connection for SRS (re)configuration is recommended for normative work. 
· For the potential specification impact section of the TR:
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the details of solutions for enhancements on SRS for positioning to avoid frequent RRC connection for SRS (re)configuration 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. 
· Note: 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).
Agreement
Extending DRX cycle beyond 10.24s was studied and found beneficial towards meeting the battery life requirement for LPHAP, and is recommended for normative work on Rel-18 positioning enhancements from RAN1’s perspective. 
· Note: no RAN1 specification impact has been identified
Agreement
From RAN1’s perspective, DL PRS measurement for UEs in RRC_IDLE state is recommended for the normative work.
Agreement
For the conclusion section of the TR:
· Enhancements on simplified DL PRS configuration with 1-symbol PRS can be studied further and if needed, specified during normative phase. 


In this contribution, we will present our views on LPHAP.
Potential solutions for LPHAP
SRS configuration enhancements based on SRS positioning validity area
SRS for positioning configurations in multiple cells
Uplink positioning (or positioning SRS transmission) in inactive state is supported in Rel-17. However, SRS transmission is considered as valid under the following criteria. 
	In Rel-17, the SRS configuration is considered as valid under the following criteria from RAN2 perspective:
· The inactivePosSRS-TimeAlignmentTimer is running;
· RSRP increased/decreased within inactivePosSRS-RSRP-ChangeThreshold;
· No cell re-selection happened after receiving the configuration.
In Rel-17, the SRS configuration is considered as valid under the following criteria from RAN1 perspective
· If the UE in RRC_INACTIVE mode determines that the UE is not able to accurately measure the configured DL RS in SRS-SpatialRelationInfoPos for a SRS resource for positioning where the DL RS is semi-persistent or periodic, the UE stops transmission of the SRS resource for positioning
· If the UE is in the RRC_INACTIVE state and determines that the UE is not able to accurately measure , the UE does not transmit SRS for the SRS resource set


However, due to the mobility of the UE, potential cell reselection will occur, which will cause the SRS configuration to no longer be valid and the SRS transmission to be terminated. If positioning service is required, the UE can only enter the connected state. Especially in the scenario where the cell range is relatively small and/or the UE moves quickly, the continuous positioning service will cause the UE to perform state transitions frequently. This will result in more power consumption, which matters for LPHAP devices. Therefore, mobility support for SRS transmission in inactive state is important to save more power. 
In Rel-18, RAN2 has agreed on the study of SRS positioning validity area for LPHAP where the configured SRS is applicable across multiple cells. When cell reselection happens within the SRS positioning validity area, the UE can keep the SRS configuration and continue the SRS transmission if the UE is under a positioning procedure. However, some concerns have been raised about potential issues in physical layer. So, RAN2 sends an LS to us as the following [3]. Therefore, 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.
	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.
RAN2 has agreed on the study of SRS positioning validity area for LPHAP where the configured SRS is applicable across multiple cells. When cell reselection happens within the SRS positioning validity area, the UE can keep the SRS configuration and continue the SRS transmission if the UE is under a positioning procedure. 
During the study, concerns have been raised on the potential issues in physical layer, such as interference, timing alignment, spatial relation, and which SRS parameters can be valid across multiple cells, etc.

Action
RAN2 kindly requests RAN1 to take the above information into account during the continued work for LPHAP and analyze whether SRS positioning configuration for LPHAP across multiple cells is feasible from RAN1’s perspective.



Potential issues of TA 
Some concerns regarding TA have been raised, such as how to determine the TA for SRS transmission for the UE reselected to new camped-on cell, whether the TA from the old cell can still be valid in the new camped-on cell, whether SRS transmission will cause interference to the reception of the new camped-on cell, etc.
In Rel-17, the SRS configuration is only valid within the cell of the serving RAN node. In addition, in order to not interfere with other reception from other UEs of the serving RAN node, UE needs to maintain the validity of the TA of the serving RAN node for SRS transmission, including the following criteria. 
· The inactivePosSRS-TimeAlignmentTimer is running;
· RSRP increased/decreased within inactivePosSRS-RSRP-ChangeThreshold
The following figure shows a simple scenario of a UE moving from one cell to another, where UE2 is the UE that performs cell reselection, and UE1 is a normal UE in the new cell.


Figure 1 SRS mobility in RRC_INACTIVE 
For normal UE (e.g., UE1) in the new cell, as the following figure, TA can be controlled by the network, and the size of TA is about 2d/c (d is the distance from UE1 to BS, c is the speed of light), so that the UL transmission time of the UE reaches the BS is basically aligned with the UL frame of the BS.


Figure 2 Regular TA adjustment for UEs (UE1) served by the new cell 
For the UE (e.g., UE2) reselecting to the new cell, it may keep the SRS configuration and continue the SRS transmission, and there may be some schemes for the UE to handle UL timing.
· Scheme 1: TA is set to 0, that is, no TA is applied for SRS transmission when UE reselects to the new cell. The following figure is an example, where d2 is the distance between UE2 and new BS, d1 is the distance between UE2 and old BS.


Figure 3 TA is set to 0 for SRS transmission when UE (UE2) reselects to the new cell (scheme 1)
This scheme is similar to PRACH transmission. In order to eliminate interference between symbols, the CP length of PRACH should fulfill that Tcp>=RTDmax+Tds, where Tcp is CP length of PRACH, RTDmax=2*Cell_radius/c, RTD is the round trip delay, Tds is time of delay spread. And to eliminate interference to next DL/UL resource after PRACH, the time gap of PRACH should also satisfy that Tgt>=RTDmax. The CP and time gap allow PRACH to be applied to a wide range of coverage scenarios without TA applied. Similarly, for scheme 1, whether SRS transmission of UE2 will cause interference to the reception of new cell depends on whether the arrival time of SRS is within the CP range.
The following table captures the normal CP lengths and applicable distances in different numerologies.
Table 1 Normal CP length and applicable distance 
	Numerology (μ)
	SCS (kHz)
	CP for long symbols (μs)
/Distance (meters)
	CP for other symbols (μs)
/Distance(meters)

	0
	15kHz
	5.2μs
	1560m
	4.69μs
	1407m

	1
	30kHz
	2.86μs
	858m
	2.34μs
	703m

	2
	60kHz
	1.69μs
	507m
	1.17μs
	351m

	3
	120kHz
	1.11μs
	333m
	0.59μs
	175m

	4
	240kHz
	0.81μs
	243m
	0.29μs
	87m


Therefore, considering the design principle of PRACH CP (Tcp>=RTDmax+Tds), let’s see how much range the normal CP length provides so that SRS transmission does not interfere with other reception. In Rel-18, for use case 6, the scenario is mainly in a factory or industrial park with the positioning requirement of some IoT equipment. So, we take IIoT InF-SH scenario as an example for analysis. Regarding the ‘Tds’ in IIoT InF-SH scenario, as we have counted as the following figure, if the links between UE and BS are LoS, 90% of Tds is 1600ns; and if the links are NLoS, 90% of Tds is 600ns. Here, we choose 1600ns as the typical value of Tds, correspondingly, the typical distance of Tds is 480m. Therefore, for CP length of 4.69μs of 15kHz SCS, the distance of RTDmax can be 927m (1407m-480m), so that within 463m (927m/2) of BS, even if the TA of SRS transmission is 0, it will not cause interference to other receptions; for CP length of 2.34μs of 30kHz SCS, the distance of RTDmax can be 223m (703m-480m), so that within 111m (223m/2) of BS, even if the TA of SRS transmission is 0, it will not cause interference to other receptions.
[image: ] [image: ]
Figure 4 Tds distribution of InF-SH scenario
Based on the deployment of InF-SH scenario as follows, it can be seen that if TA is set to 0, with the normal CP length of 15kHz, the SRS transmission of UEs in the whole scenario will not interfere with the reception of BSs; with the normal CP length of 30kHz, the SRS transmission of UEs will not interfere with the reception of BSs within an area of 2~3 BSs (100m-level range). It can also be noted that, as the actual deployment scenario becomes smaller, the Tds also becomes small (e.g., in Indoor office, Tds can be a few hundred ns), so the normal CP length will provide larger coverage for SRS transmission without reception interference. 
                            [image: ]
Figure 5 IIoT deployment for InF-SH (18 BSs on a square lattice with spacing D, located D/2 from the walls, for the big hall (L=300m x W=150m): D=50m ))
Therefore, we observe that in small-range deployment (e.g., IIoT, indoor) scenarios, when a UE is reselected to a new cell in inactive state, even if no TA is applied for UL (scheme 1), the SRS transmission may not interfere with other receptions of the new cell due to sufficient CP length. However, in large-range deployment (e.g., UMa, UMi) and/or with the configuration of smaller CP length (e.g., CP length for SCS>=60kHz), if TA is not applied, SRS transmissions will inevitably interfere with other receptions. Moreover, TA adjustment in scheme 1 is not ‘detla’ adjustment, which makes UL timing of SRS change a lot when cell-reselection happens. Assuming that adjacent cells are synchronized, based on scheme 1, the new SRS transmission timing will change about (d1+d2)/c, where d1 is the distance between UE2 and new BS, d2 is the distance between UE2 and old BS.
Observation 1: 
· In small-range deployment(e.g., IIoT, indoor) scenarios and with the configuration of longer CP length (e.g., CP length for SCS<=60kHz), when a UE reselects to a new cell in inactive state, even if no TA applied (scheme 1), the SRS transmission may not interfere with other receptions of the new cell due to sufficient CP length. 
· However, in large-range deployment (e.g., UMa, UMi) and/or with the configuration of smaller CP length (e.g., CP length for SCS>=60kHz), if TA is not applied, SRS transmissions will inevitably interfere with other receptions of the new cell.
· Scheme 2: Reuse the TA from old cell when UE reselects to the new cell. 
The following figure is an example, where d2 is the distance between UE2 and new BS, d1 is the distance between UE2 and old BS (assuming that when UE2 leaves the old cell, it maintains TA of cell edge).


Figure 6 TA adjustment based on old cell TA when UE (UE2) reselects to the new cell  (scheme 2)
Through a rough calculation, the UL arrival time of SRS transmission of UE2 at the BS of new cell is about 2(d2/c-d1)/c after the start of UL frame. For the scenarios where the geometric and channel situation may not change significantly, adjacent cells may have similar coverage with similar cell radius, e.g., single indoor scenario. Therefore, when UE2 performs cell reselection, the distances between UE2 and 2 BSs (old serving BS and new serving BS) are close (that is, d2≈d1), so that the UL arrival time of SRS transmission can be close to the start of UL frame and it will not interfere other receptions at all. 
However, for the scenarios where the geometric and channel situation may change significantly, e.g., mixed indoor and outdoor scenarios, adjacent cells may have very different coverage. For the case where d2>d1, if old cell TA is reused, the UL arrival time may be located at 2(d2-d1)/c after the start of UL frame, which is still more likely to be in the CP range without interference to other receptions, and in this case, old cell TA can still be valid. But for the case where d2<<d1, if the large TA of the old cell is reused, the arrival time of SRS is much earlier than the start of UL frame, which will cause unpredictable interference. Therefore, to solve such problems above, some criteria need to be considered to determine whether the TA of old cell can be reused to continue SRS transmission in the new cell, e.g., use DL measurements (such as RSTD) of the new cell and old cell as reference to make judgments. And if the criteria cannot be met, new SRS configuration request procedures may be considered.


Figure 7 Potential early arrival of SRS for scheme 2
In addition, when cell-reselection happens, even if old cell TA can be reused, potential DL timing adjustment will also change the original SRS transmission timing. Assuming that adjacent cells are synchronized, using the original SRS transmission timing as a reference, based on scheme 2, the new SRS transmission timing will change about (d2-d1)/c, where d2 is the distance between UE2 and new BS, d1 is the distance between UE2 and old BS
Observation 2: 
· For the scenarios where the geometric and channel situation may not change significantly, adjacent cells may have similar coverage with similar cell radius, and the TA from the old cell may still be valid in the new camped-on cell. 
· However, some criteria may need to be considered to determine whether the TA of old cell can be reused (e.g., avoid using too large TA resulting in early arrival of SRS) to continue SRS transmission in the new cell.
· Scheme 3: TA is adjusted by UE itself when it reselects to the new cell. The following figure is an example,  where d2 is the distance between UE2 and new BS.


[bookmark: _Hlk117779919]Figure 8 TA is adjusted by UE (UE2) itself when it reselects to the new cell  (scheme 3)
When UE reselects to the new cell, it may adjust TA based on DL measurements of new and old cell, e.g., based on DL RSTD measurements between the 2 cells. The following figure gives an example, where d1 is the distance between UE2 and old BS, and d2 is the distance between UE2 and new BS. For simplicity, we assume that adjacent cells have same frequency and can maintain good synchronization. Then, TA of new cell can be roughly estimated according to the following formula.
RSTD=(d2-d1)/c;
TA_old=2*d1/c;
Then, TA of new cell can be roughly estimated as
TA_new=2*d2/c=TA_old+2*RSTD;
where RSTD takes old cell as reference, and can be estimated based on the SSB measurement of 2 cells. 
In addition, assuming that adjacent cells are synchronized, using the original SRS transmission timing as a reference, based on scheme 3, the new SRS transmission timing will change about (d1-d2)/c, where d2 is the distance between UE2 and new BS, d1 is the distance between UE2 and old BS.



Figure 9 RSTD measurement based on SSB from new cell and old cell (scheme 3)
Moreover, if adjacent cells are not synchronous, when the UE estimates TA of new cell, it also needs to consider reducing the impact of non-synchronization. This problem can be solved in the following ways: e.g., let the validity area contain synchronous cells as much as possible, or let the network notify SFN0 offset between cells in advance.
Observation 3: 
· When UE reselects to the new cell, it is feasible to estimate TA of new cell by UE itself based on RSTD measurement from SSB of new cell and old cell. 
· If adjacent cells are not synchronous, when the UE estimates TA of new cell, it also needs to consider reducing the impact of non-synchronization.
Observation 4: 
· When UE reselects to the new cell, the following schemes to determine TA are feasible.
· Scheme 1: TA is set to 0, that is, no TA is applied for SRS transmission.
· Scheme 2: TA from old cell is reused. 
· Scheme 3: TA is adjusted by UE itself, e.g., based on TA from old cell and RSTD measurement from SSB of new cell and old cell.
In summary, among these 3 schemes, scheme 3 is preferred. For scheme 1, it has the highest requirement on scenarios and CP length. For scheme 2, it is better than scheme 1, since it can slightly reduce the requirements for the scenarios and CP length, and the SRS timing change is also smaller. However, for scheme 2, some criteria may need to be considered to determine whether the TA of old cell can be reused (e.g., avoid using too large TA) to continue SRS transmission in the new cell, which may cause additional power consumption for potential request procedures to gNB. For scheme 3, compared with scheme 2, its has better TA robustness and no need to initiate  request procedures to gNB; and it also doesn’t cause large SRS timing mutation (the change of SRS timing is no different from scheme 2).  
Therefore, we propose
Proposal 1: 
· When cell-reselection happens within the SRS positioning validity area, to continue the SRS transmission, the following scheme to determine TA is supported.
· TA is adjusted by UE itself, e.g., based on TA from old cell and RSTD measurement from SSB of new cell and old cell 
Potential issues of spatial relation
In Rel-17, the spatial relation validity criteria for SRS transmission in inactive state are as follows:
· If the UE in RRC_INACTIVE mode determines that the UE is not able to accurately measure the configured DL RS in SRS-SpatialRelationInfoPos for a SRS resource for positioning where the DL RS is semi-persistent or periodic, the UE stops transmission of the SRS resource for positioning.
This validity criteria is not directly related to UE cell-reselection, but it only related to UE mobility. Therefore, it applies whether or not UE perform cell-reselection. However, from the perspective of power saving, we believe that the enhancements to spatial relation are needed. In a valid area for SRS transmission, if we can reduce unnecessary validity judgments and related measurements, we can reduce the probability that the UE stops SRS transmission and enters the connected state or requests new SRS configuration, which is ultimately beneficial to power saving. A potential solution is to enable SRS beam sweeping in inactive state. In this way, there is no need to consider maintaining the spatial relationship between the UE and gNBs, correspondingly, the validity problems of spatial relation RS no longer exists. At the same time, beam sweeping doesn’t bring additional power consumption compared with the method of spatial relation configuration, since the TRP receiving SRS is likely to be located around the UE, even if the spatial relation is configured, the UE transmits SRS towards all directions, which is not much different from ‘beam sweeping’.
Therefore, if ‘SRS beam sweeping’ is enabled, the reliability of SRS transmission in inactive state will be increased since the problem of spatial relationship failure that causes SRS transmission to stop will not exist; the additional measurement for validation determination will be no longer needed, which is good for power saving and complexity reduction.
Observation 5: 
· If SRS beam sweeping is enabled in inactive state, the validity problems of spatial relation RS no longer exist, which is beneficial to power saving and complexity reduction.
Proposal 2: 
· Support SRS beam sweeping enabling to solve the validity problems for SRS transmission across multiple cells in inactive state.
Potential issues of pathloss RS
In Rel-16, the pathloss RS validity criteria for SRS transmission and fallback behavior in the RRC_CONNECTED state is as follows:
· If the UE is in the RRC_CONNECTED state and determines that the UE is not able to accurately measure , or the UE is not provided with pathlossReferenceRS-Pos, the UE calculates  using a RS resource obtained from the SS/PBCH block of the serving cell that the UE uses to obtain MIB. 
In Rel-17, the pathloss RS validity criteria for SRS transmission and corresponding UE behavior when it fails in the RRC_INACTIVE state is as follows:
· If the UE is in the RRC_INACTIVE state and determines that the UE is not able to accurately measure , the UE does not transmit SRS for the SRS resource set
In our view, this validity criteria in inactive state is not directly related to UE cell-reselection, but it only related to UE mobility. It applies whether or not UE perform cell-reselection. In order to avoid frequent RRC connection for SRS (re)configuration in a validity area, the following UE behavior in case of validity criteria fails can be considered.
· the UE calculates  using a RS resource obtained from the SS/PBCH block of the camp cell that the UE uses to obtain MIB
Proposal 3: 
· The pathloss RS validity criteria in Rel-17 for SRS transmission across multiple cells in inactive state can be reused, and if the validity criteria fails, the following UE behavior can be considered
· the UE calculates  using a RS resource obtained from the SS/PBCH block of the camp cell that the UE uses to obtain MIB

Invalid SRS parameters across multiple cells
Firstly, for the following RAN2 question from LS, we prefer network nodes do not need to perform any blind detection to measure SRS in the validity area. That is, a common SRS(e.g., same sequence, same time/frequency configuration) can be configured for multiple cells.
	FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously


Then, based on specification, the current SRS configuration in inactive state can be roughly divided into the following groups.
	· bwp-NUL, bwp-SUL
· locationAndBandwidth
· subcarrierSpacing
· cyclicPrefix
· Note: If the field is absent UE is configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.
· inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold
· SRS-PosResourceSet
· srs-PosResourceSetId
· [bookmark: _Hlk118303029]srs-PosResourceSetId
· srs-PosResourceIdList
· resourceType
· alpha
· p0
· pathlossReferenceRS-Pos
· SRS-PosResource
· srs-PosResourceId
· transmissionComb
· resourceMapping 
· freqDomainShift
· freqHopping 
· groupOrSequenceHopping
· resourceType
· sequenceId
· spatialRelationInfoPos


Among the above parameters, most of the parameters are relatively stable and will be valid with the movement of UE across cells. Here, we focus on analyzing the following parameters which may be affected by UE movement or cell-reselection.
· spatialRelationInfoPos
This parameter is related to UE mobility, so it may not be valid when cell reselection happens. But it can still be valid if related validity criteria is satisfied.
Moreover, as we mentioned above, if SRS beam sweeping is enabled, this parameter and related validity criterion can be ignored by UE.
· pathlossReferenceRS-Pos
This parameter is related to UE mobility, so it may not be valid when cell reselection happens. But it can still be valid if related validity criteria is satisfied.
· inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold
In Rel-17, these parameters are only valid within serving cell. Based on Rel-17 rules, they will become not valid when cell reselection happens. However, in Rel-18, it can still be used as TA validity criterion in an area of multiple cells which can be valid when cell reselection happens. In addition, the values of these 2 parameters may be expanded to support a wide range (large than a cell) of TA validity.
· BWP
If adjacent cells are intra-frequency cells (with same frequency and similar carrier distribution), the BWP of SRS configured by the old cell may still be located within the frequency range of new camped-on cell, so that BWP information can be valid. However, if adjacent cells are inter-frequency cells, the BWP of SRS configured by the old cell can be outside the frequency range of new camped-on cell, so that BWP information is not valid. Therefore, the validity area should try to avoid including inter-frequency cells.
Observation 6: 
· The parameter ‘spatialRelationInfoPos’ of SRS configuration may become invalid when cell-reselection happens. But it can still be valid if related validity criteria is satisfied. 
· If SRS beam sweeping is enabled, ‘spatialRelationInfoPos’ and related validity criteria can be ignored by UE.
Observation 7: 
· The parameter ‘pathlossReferenceRS-Pos’ of SRS configuration may become invalid when cell-reselection happens. But it can still be valid if related validity criteria is satisfied.
Observation 8: 
· Based on Rel-17 rules, the parameters ‘inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold’ of SRS configuration will become invalid when cell-reselection happens.
· In Rel-18, ‘inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold’  can still be used as TA validity criteria in a validity area, which can be valid when cell reselection happens.
Observation 9: 
· The parameter ‘BWP’ of SRS configuration may become invalid when cell-reselection happens, if adjacent cells are inter-frequency cells. But it can still be valid if cells in the validity area are intra-frequency cells.
Based on the above analysis, we come up to the following proposal.
Proposal 4: 
· Support ‘inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold’  configured per validity area with lager values than Rel-17.
Proposal 5: 
· A validity area should try to avoid including inter-frequency cells .

SRS for positioning activation/request procedure(s) 
SRS for positioning request procedure(s)
Based on the above analysis, even if SRS positioning configuration for LPHAP across multiple cells is feasible, UE still needs to maintain some validity criteria, such as validity criteria of TA, etc. Therefore, for power saving, when these validity criteria is not met, we support UE-intitiated SRS configuration update request via SDT procedures, so that UE can remain in inactive state without entering connected state.
Proposal 6: 
· Support UE-initiated SRS configuration update request via SDT procedures if some validity criteria (e.g., TA validity criteria, etc.) is not reached for SRS transmission within the validity area.
SRS for positioning activation procedure(s)
In the WID, SRS for positioning activation procedure is also within the scope, and whether there is direct RAN1 work on this issue needs further clarification. 
In RAN1#110bis-e [4], the following agreement was made regarding ‘SRS activation procedures’. From our point of view, this is the only description that is likely to be related to the RAN1 work.
	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.


During SI, some companies propose that SRS may be activated via paging or PEI. If SRS can be activated, additional SRS activation field should be added in paging or PEI. Then, considering SRS and SRS activation are UE-specific, identification of the UE may also be needed. However, the capacity of paging or PEI is limited, so, it is hard to add UE specific indication with too many bits. Moreover, the privacy security issues are also hard to address. In contrast, paging or PEI are more suitable for activating or triggering some public signals, such as TRS availability indication. So, in our view, it is not feasible to activate SRS via paging or PEI in RRC_INACTIVE. Then, excluding the above case, regarding ‘SRS activation procedures’, we still don’t find other work directly related to RAN1. Therefore, we propose
Proposal 7: 
· No direct RAN1 work is expected regarding SRS for positioning activation procedure(s).

Larger PRS and SRS for positioning periodicities
To better achieve the battery life requirement and meet the positioning interval requirement 15~30s of use case 6 for LPHAP, the current PRS and SRS periodicity need to be extended. For PRS, current specification limits the periodicity as follows [5], that is, no more than 10.24s.
	-dl-PRS-Periodicity-and-ResourceSetSlotOffset defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with respect to SFN0 slot 0.


For SRS for positioning, the periodicity is limited as the follows in TS38.331 [6], again, no more than 10.24s.
	periodicityAndOffset-p, periodicityAndOffset-p-Ext
Periodicity and slot offset for this SRS resource. All values are in "number of slots". Value sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots (see TS 38.214 [19], clause 6.2.1). For CLI SRS-RSRP measurement, sl1280 and sl2560 cannot be configured. For SRS-PosResource, sl20480, sl40960 and sl81920 cannot be configured for SCS=15kHz, sl40960 and sl81920 cannot be configured for SCS=30kHz, and sl81920 cannot be configured for SCS=60kHz. 


For LPHAP, it is beneficial to introduce candidate values larger than 10.24s for PRS and SRS periodicity, e.g., 20480, 30720ms. 
The following figure is an example of a SRS with the period of 20.48s (2PHs). In each PH including SRS, each SRS resource can be configured with the slot offset with respect to SFN0 slot 0. However, it is not clear which PH the SRS is located in. Therefore, if SRS periodicity is extended larger than 10.24s, PH indication may be needed. Likewise, this also applies to PRS.
 


Figure 10 SRS with a period of 20.48s
Therefore, we propose
Proposal 8: 
· Introduce candidate values larger than 10.24s for PRS and SRS periodicity, e.g., 20480, 30720ms
· Paging Hyperframe indication may be needed in PRS/SRS configuration
Conclusion
In this contribution, we discuss LPHAP with the following observations and proposals.
Observation 1: 
· In small-range deployment(e.g., IIoT, indoor) scenarios and with the configuration of longer CP length (e.g., CP length for SCS<=60kHz), when a UE reselects to a new cell in inactive state, even if no TA applied (scheme 1), the SRS transmission may not interfere with other receptions of the new cell due to sufficient CP length. 
· However, in large-range deployment (e.g., UMa, UMi) and/or with the configuration of smaller CP length (e.g., CP length for SCS>=60kHz), if TA is not applied, SRS transmissions will inevitably interfere with other receptions of the new cell.
Observation 2: 
· For the scenarios where the geometric and channel situation may not change significantly, adjacent cells may have similar coverage with similar cell radius, and the TA from the old cell may still be valid in the new camped-on cell. 
· However, some criteria may need to be considered to determine whether the TA of old cell can be reused (e.g., avoid using too large TA resulting in early arrival of SRS) to continue SRS transmission in the new cell.
Observation 3: 
· When UE reselects to the new cell, it is feasible to estimate TA of new cell by UE itself based on RSTD measurement from SSB of new cell and old cell. 
· If adjacent cells are not synchronous, when the UE estimates TA of new cell, it also needs to consider reducing the impact of non-synchronization.
Observation 4: 
· When UE reselects to the new cell, the following schemes to determine TA are feasible.
· Scheme 1: TA is set to 0, that is, no TA is applied for SRS transmission.
· Scheme 2: TA from old cell is reused. 
· Scheme 3: TA is adjusted by UE itself, e.g., based on TA from old cell and RSTD measurement from SSB of new cell and old cell.
Observation 5: 
· If SRS beam sweeping is enabled in inactive state, the validity problems of spatial relation RS no longer exist, which is beneficial to power saving and complexity reduction.
Observation 6: 
· The parameter ‘spatialRelationInfoPos’ of SRS configuration may become invalid when cell-reselection happens. But it can still be valid if related validity criteria is satisfied. 
· If SRS beam sweeping is enabled, ‘spatialRelationInfoPos’ and related validity criteria can be ignored by UE.
Observation 7: 
· The parameter ‘pathlossReferenceRS-Pos’ of SRS configuration may become invalid when cell-reselection happens. But it can still be valid if related validity criteria is satisfied.
Observation 8: 
· Based on Rel-17 rules, the parameters ‘inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold’ of SRS configuration will become invalid when cell-reselection happens.
· In Rel-18, ‘inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold’  can still be used as TA validity criteria in a validity area, which can be valid when cell reselection happens.
Observation 9: 
· The parameter ‘BWP’ of SRS configuration may become invalid when cell-reselection happens, if adjacent cells are inter-frequency cells. But it can still be valid if cells in the validity area are intra-frequency cells.
Proposal 1: 
· When cell-reselection happens within the SRS positioning validity area, to continue the SRS transmission, the following scheme to determine TA is supported.
· TA is adjusted by UE itself, e.g., based on TA from old cell and RSTD measurement from SSB of new cell and old cell 
Proposal 2: 
· Support SRS beam sweeping enabling to solve the validity problems for SRS transmission across multiple cells in inactive state.
Proposal 3: 
· The pathloss RS validity criteria in Rel-17 for SRS transmission across multiple cells in inactive state can be reused, and if the validity criteria fails, the following UE behavior can be considered
· the UE calculates  using a RS resource obtained from the SS/PBCH block of the camp cell that the UE uses to obtain MIB
Proposal 4: 
· Support ‘inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold’  configured per validity area with lager values than Rel-17.
Proposal 5: 
· [bookmark: _GoBack]A validity area should try to avoid including inter-frequency cells .
Proposal 6: 
· Support UE-initiated SRS configuration update request via SDT procedures if some validity criteria (e.g., TA validity criteria, etc.) is not reached for SRS transmission within the validity area.
Proposal 7: 
· No direct RAN1 work is expected regarding SRS for positioning activation procedure(s).
Proposal 8: 
· Introduce candidate values larger than 10.24s for PRS and SRS periodicity, e.g., 20480, 30720ms
· Paging Hyperframe indication may be needed in PRS/SRS configuration
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