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Introduction 
In 3GPP TSG RAN WG1 #112bis-e meeting [1], the following agreements were approved for LPHAP.
	Agreement
For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, sequenceID in SRS for positioning configuration is commonly configured across cells within the validity area.

Working assumption
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, support the following options:
· Option 1: Pathloss RS is absent in the configuration. 
· Option 2: Pathloss RS is provided in the configuration.

Working assumption
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support that spatial relation information can be absent or present in the configuration.

Agreement
· For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state:
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;
· [bookmark: _GoBack]When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.
· FFS: spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met.

Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is absent in the configuration, the UE determines the pathloss RS using a RS resource obtained from the SS/PBCH block of the camping cell that the UE uses to obtain MIB as the pathloss RS.

Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support one or multiple of the following alternatives on how to configure pathloss RS (down-selection to be made in RAN1#113 meeting):
· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;
· Reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17, i.e. when the pathloss RS cannot be accurately measured. When the validity criteria of OPLC fail, pathloss is calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.
· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-5: Reuse the configuration of pathloss RS in Rel-17. The UE only transmits SRS resources in a SRS resource set associated with pathloss RS that can be accurately measured.
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-6: Reuse the configuration of pathloss RS in Rel-17;
· A cell-agnostic DL RS can be the pathloss RS in the validity area and the cell-agnostic DL RS itself.
· Note: UE power consumption should be considered


In this contribution, we provide our views on the potential enhancement for LPHAP.
Timing advance in an SRS configuration validity area
In Rel-17, the following agreements were achieved:
	Agreement of RAN2#116-bis:
· The SRSp configuration is considered as invalid if TA is not valid.
· When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the SRSp is configured, the TA timer configuration for SRS should be released.
· The SRSp configuration is released when the UE sends RRCResumeRequest to a cell other than the cell where it is released to RRC_INACTIVE state.
Agreement of RAN2#117:
· TA timer configuration of SRS for positioning (SRSp) is invalidated upon any cell reselection (i.e. even if the UE does not initiate the RRC resume procedure) 


These agreements indicate that the SRS configuration for RRC_INACTIVE is only restricted to the serving cell that the UE connects lastly. If UE moves to another cell and cell re-selection is performed while UE still needs positioning (which is very likely to happen in a large factory area as use case 6 indicates), UE has to reach RRC_CONNECTED to receive a new SRS configuration embedded in RRC reconfiguration. As common knowledge, the most significant UE power consumption comes from power state transfer (e.g., from sleep state to active state), so the frequent state transition will lead to huge power consumption. Keeping this in mind, the WID agreed that it is necessary to specify SRS configuration enhancements based on the SRS positioning validity area for UEs in RRC_INACTIVE state, to avoid frequent RRC connection for SRS (re)configuration.
In general, UE will get a new SRS configuration when it moves to a new cell or the previous SRS configuration is invalid. In the current UL positioning procedure, UE has to establish RRC connection when receiving SRS configuration or SRS configuration update, which is power-consuming for LPHAP devices. Therefore, SRS for positioning configuration in a validity area was proposed in WID. However, some of the SRS configuration parameters may not be used across multiple cells, mainly including the following configurations:
Timing advance determination
In Rel-17, Timing advance (TA) for UL SRS could be determined by the following configurations: 
1) Msg2 Timing advance command: This TA command is included in Msg2, i.e., RACH Response, which configures the initial value for TA. 
2) MAC CE Timing advance command: This TA command is included in DL-SCH, which specifies the TA modification value. 
3) SIB Timing advance offset: Configure N_TA-Offset to be applied for uplink transmissions on the serving cell.
The above three configurations determine the time when UE transmits UL SRS. The explicit TA may be invalid when the TimingAlignmentTimer expires or the downlink pathloss reference RSRP value exceeds the configured threshold inactivePosSRS-RSRP-ChangeThreshold in the current Rel-17 specification.
As shown in Figure 1, when UE camps on a new cell, the TA might be different due to the UE movement, gNB synchronization, the distance between UE and two gNBs, etc.
[image: ]
[bookmark: _Ref15976]Figure 1 Example for TA difference in SRS transmission
Regarding the timing advance problem, the following agreement was achieved in 3GPP TSG RAN WG1 #112 [2], but in 3GPP TSG RAN WG1 #112bis-e [1], there was still no agreement achieved concerning this problem:
	Agreement in 3GPP TSG RAN WG1 #112
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area:
· For the UL timing advance, further study the following options, including the DL reference timing for each option:
· Option 1: UE maintains the TA obtained from the last serving cell within the validity area
· Option 2: UE autonomously adjusts the TA 
· FFS: how the UE adjusts the TA, e.g. up to UE implementation, or based on the TA from the last serving cell and the DL time difference measurement of SSBs from the last serving cell and the new camping cell.
· FFS: whether there is RAN1 specification impact
· Option 3: UE maintains multiple TA values, e.g. UE obtains TA using RACH

Latest discussion in 3GPP TSG RAN WG1 #112bis-e
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
o    By default, UE maintains the TA obtained from the last serving cell within the validity area., otherwise,
§   [ Note: This assumes that the geometric cell coverage is small.]
o    When the DL reference timing difference exceeds a threshold, Additionally, if allowed/configured by the network, UE may autonomously adjusts the TA up to its implementation in accordance to changes in the DL reference timing.
§   The threshold can be provided by the network to control the UE behavior of autonomous TA adjustment.
§   FFS: whether/how to define additional rules to enable the UE autonomous TA adjustment, and if supported, whether the rule applies only for cell-reselection scenarios or for both same-cell mobility and cell-reselection scenarios.
o    The DL reference timing follows the DL timing of current camping cell.


In the following, we will provide our view based on the latest discussion.
· Default behavior: UE maintains the TA obtained from the last serving cell within the validity area
As shown in Figure 1, when UE camps on a new cell, the distance difference between d1 (distance between UE and gNB 1) and d2 (distance between UE and gNB 2) is usually small when the coverage of gNB 1 and gNB 2 are similar. And the maximum supported cell ISD is about 700m when configuring SCS as 30kHz, the difference between the ideal TA (refers to the TA configured by gNB if UE enters RRC_CONNECT state) and the actual TA (refers to reuse the TA of UE in gNB 1) is small. So it’s feasible to reuse the old TA between two neighbor cells when these two cells are well-synchronized as well as the coverage ranges of gNB 1 and gNB 2 are the same. And in general, the SRS configuration validity area usually contains several cells, the TA can be reused across multiple cells within the validity area. Furthermore, this option doesn’t require any signalling exchange or UE calculation or measurement behaviors during the positioning process, which is power-saving for LPHAP UE.
[bookmark: _Ref16770]Observation 1: UE can reuse the TA obtained from the last serving gNB across multiple cells within the SRS configuration validity area.
·  UE autonomously adjusts the TA
UE has to estimate the distance between UE and the gNB in the new camp cell if UE autonomously adjusts the TA. The proposals agreed in the last meeting mentioned that UE can adjust TA based on the TA from the last serving cell and the DL RSTD measurement result. However, in LPHAP, UEs may maintain a sleep state for a long time to lower the power consumption. Therefore, UE may not receive all RS when it moves to a new cell, especially for UEs in the RRC_INACTIVE state, so it might require some time for UE to receive the RS and measure the DL RSTD between the serving cell before movement and the new camp cell. But this is up to UE implementation, there’s no specification impact from RAN1 perspective.
For the note regarding the cell coverage, i.e., [Note: This assumes that the geometric cell coverage is small.], we didn’t see any necessity for this note. Because the common consensus is UE will maintain the TA obtained from the last serving cell as a default behavior, TA adjustment behavior is up to UE implementation if UE determines that a TA update is required. 
Concerning the description if allowed/configured by the network, we prefer removing the wording. From our understanding, the TA adjustment behavior is totally up to UE implementation, it’s not necessary for the network to configure the limitation, including how and/or when TA adjustment is performed. Therefore, we can support the following proposal:
[bookmark: _Ref21708][bookmark: _Ref927]Proposal 1: For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
· By default, UE maintains the TA obtained from the last serving cell within the validity area.
· Additionally, UE may autonomously adjust the TA up to its implementation.
· The DL reference timing follows the DL timing of current camping cell.
Timing advance validation criterion
In Rel-17, UE will receive RRCRelease signal when it releases RRC connection, wherein the RRCRelease signal includes SRS-PosRRC-InactiveConfig for the SRS configuration in RRC_INACTIVE state, the following configuration defines the TA validation for SRS transmission in RRC_INACTIVE state.
	TS 38.321 5.2 Maintenance of Uplink Time alignment:
RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned;
-	inactivePosSRS-TimeAlignmentTimer which controls how long the MAC entity considers the Positioning SRS transmission in RRC_INACTIVE in clause 5.26 to be uplink time aligned;
-	cg-SDT-TimeAlignmentTimer which controls how long the MAC entity considers the uplink transmission for CG-SDT to be uplink time aligned.
The MAC entity shall:
1>	when a Timing Advance Command MAC CE is received, and if an NTA (as defined in TS 38.211 [8]) has been maintained with the indicated TAG:
2>	apply the Timing Advance Command for the indicated TAG;
2>	if there is ongoing Positioning SRS Transmission in RRC_INACTIVE as in clause 5.26:
3>	start or restart the inactivePosSRS-TimeAlignmentTimer associated with the indicated TAG.
2>	if CG-SDT procedure triggered as in clause 5.27 is ongoing:
3>	start or restart the cg-SDT-TimeAlignmentTimer associated with the indicated TAG.
2>	else:
3>	start or restart the timeAlignmentTimer associated with the indicated TAG.
---UNRELATED PART OMITTED---
TS 38.321 5.26 Positioning SRS transmission in RRC_INACTIVE:
[bookmark: _Hlk95993306]RRC configures the following parameters for validation for SRS transmission in RRC_INACTIVE:
-	inactivePosSRS-RSRP-ChangeThreshold: RSRP threshold for the increase/decrease of RSRP for time alignment validation.
The MAC entity shall:
1>	if the UE receives configuration for SRS transmission in RRC_INACTIVE:
2>	store the RSRP of the downlink pathloss reference with the current RSRP value of the downlink pathloss reference as in TS 38.331 [5].
1>	else if the UE is configured with SRS transmission in RRC_INACTIVE:
2>	if Timing Advance Command MAC CE is received for inactivePosSRS-TimeAlignmentTimer as in clause 5.2, or;
2>	if Timing Advance Command or Absolute Timing Advance Command is received for Random Access procedure that is successfully completed:
3>	update the stored downlink pathloss reference with the current RSRP value of the downlink pathloss reference.
The MAC entity shall consider the TA to be valid when the following condition is fulfilled:
1>	compared to the stored downlink pathloss reference RSRP value, the current RSRP value of the downlink pathloss reference has not increased/decreased by more than inactivePosSRS-RSRP-ChangeThreshold, if configured; and
1>	inactivePosSRS-TimeAlignmentTimer is running.


As described above, the TA would be invalid when the volatility of pathloss reference RSRP is greater than the configured inactivePosSRS-RSRP-ChangeThreshold. And the pathloss reference RSRP may change rapidly when UE moves, especially when UE camps on a new cell. In the current Rel-17 specification, UE may stop transmitting SRS if the TA valid criterion is not satisfied (inactivePosSRS-TimeAlignmentTimer is expired or the RSRP difference of the RS beyond inactivePosSRS-RSRP-ChangeThreshold). Therefore, the TA valid criterion could be different across multiple cells for UE in RRC_INACTIVE state in Rel-18. 
Regarding the TA validation problem, the following proposal was agreed in 3GPP TSG RAN WG1 #112 [2] for Rel-18:
	Agreement
From RAN1 perspective, it is feasible to configure SRS positioning validity area-specific TA timer (e.g., with larger values) for a UE in RRC_INACTIVE state. Details can be up to RAN2.
· For TA validation, use of area-specific RSRP change threshold is feasible
FFS: which RS is the reference RS for the RSRP change threshold


[bookmark: _Ref32193]In current Rel-17 specification, the pathloss reference for TA validation of SRS for positioning transmission is derived as follows:
	[bookmark: _Toc124712882]TS 38.331 5.7.17 Derivation of pathloss reference for TA validation of SRS for Positioning transmission and CG-SDT in RRC_INACTIVE

Upon request from lower layer for pathloss reference derivation for TA validation for SRS for Positioning transmission or CG-SDT in RRC_INACTIVE, the UE shall:
1>	acquire SIB2, if stored version is invalid;
1>	if nrofSS-BlocksToAverage or absThreshSS-BlocksConsolidation is not present or if absThreshSS-BlocksConsolidation is present and the highest beam measurement quantity value is below or equal to absThreshSS-BlocksConsolidation:
2>	derive the downlink pathloss reference RSRP for TA validation as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215 [24];
1>	else:
2>	derive the downlink pathloss reference RSRP for TA validation as the linear average of the power values of up to nrofSS-BlocksToAverage of the highest beam measurement quantity values above absThreshSS-BlocksConsolidation, where each beam measurement quantity is described in TS 38.215 [24].


For TA validation, UE will store the RSRP of the measured pathloss reference. For example, if SSB with index 1 is selected as the pathloss reference when max(RSRP, SSB)<absThreshSS-BlocksConsolidation, UE will measure the RSRP of SSB with index 1. The RSRP of SSB with index 1 will change as UE moves. Once the change of RSRP is greater than the configured threshold, UE will regard the current TA as invalid. However, in SRS configuration validity area, UE might move to different cells in Rel-18, so it is necessary to specify the RSRP change definition, i.e., the FFS left in the agreement, which RS is the reference RS for the calculation of RSRP change. In the following discussion, the threshold configured in inactivePosSRS-RSRP-ChangeThreshold is denoted as Rth. 
We take pathloss reference_1 and pathloss reference_2 as two reference signals that UE measured and selected as RSRP change threshold for TA validation in different cells. Specifically, UE will store the RSRP of measured pathloss reference, denote as , and when UE moves, the RSRP may vary with the distance between UE and TRP, denote the instantaneous value of RSRP at time t1 as . If the difference of and  is great than the configured threshold, i.e., |-|>Rth, UE will stop transmitting SRS. To analyse the pathloss reference RSRP change details, the following cases are considered:
Case 1: UE selects ONE pathloss reference for different SRS resource sets when transmitting SRS.
[image: ]
[bookmark: _Ref566]Figure 2 Example for inactivePosSRS-RSRP-ChangeThreshold calculation when selecting one pathloss reference
As shown in Figure 2, at time t0, UE takes pathloss reference_1 as its pathloss reference and the stored RSRP of pathloss reference_1 at time t0 is . When UE moves to the coverage of another cell at time t1, and updates its pathloss reference as pathloss reference_2. Denote the RSRP of pathloss reference_2 at time t1 is , and the RSRP of pathloss reference_1 at time t1 is . For the RSRP change threshold definition, we have the following options:
· Option 1: RSRP change is based on the same pathloss reference
UE calculates the RSRP change details using the same pathloss reference, i.e., the RSRP change refers to the difference of  and . These two values refer to the RSRP of pathloss reference_1 at different times. If the difference of  and  is great than the configured threshold, i.e., |-|>Rth, UE will stop transmitting SRS. With this option, the adopted RSRP usually refers to the same pathloss reference, the RSRP change details can better reflect the movement of UE.
· Option 2: RSRP change is based on the new pathloss reference and the old pathloss reference
[bookmark: OLE_LINK2]UE calculates the RSRP change details using the updated pathloss reference, i.e., the RSRP change refers to the difference of  and . These two values refer to the RSRP of pathloss reference_1 at time t0 and pathloss reference_2 at time t1. If the difference of  and  is great than the configured threshold, i.e., |-|>Rth, UE will stop transmitting SRS. 
Case 2: UE selects different pathloss reference for different SRS resource sets when transmitting SRS.
[image: ]
[bookmark: _Ref605]Figure 3 Example for inactivePosSRS-RSRP-ChangeThreshold calculation when selecting multiple pathloss references
As shown in Figure 3, UE is configured with 2 SRS for positioning resource sets, and at time t0, the pathloss references of these two sets are pathloss reference_1 and pathloss reference_2, respectively. And UE takes pathloss reference_1 and pathloss reference_2 as its pathloss references for the two different SRS resource sets and the stored (at time t0) RSRP of pathloss reference_1 and pathloss reference_2 are  and  respectively. When UE moves to the coverage of another cell at time t1, and updates its pathloss references as pathloss reference_3 and pathloss reference_4. Denote the RSRP of pathloss reference_3 and pathloss reference_4 at time t1 are  and , and the RSRP of pathloss reference_1 and pathloss reference_2 at time t1 are are  and . For the RSRP change threshold definition, we have the following options:
· Option 1: UE calculates the RSRP change details using the same pathloss references, i.e., the RSRP change of resource set 1 refers to the difference between  and , the RSRP change of resource set 2 refers to the difference between  and . 
With this option, on one hand, UE can transmit SRS in different resource sets separately, i.e., if |-|>Rth, UE will stop transmitting SRS in resource set 1, and if |-|>Rth, UE will stop transmitting SRS in resource set 2. Similar methods can also be used when UEs are configured with more resource sets. On the other hand, UE can transmit SRS in different SRS resource sets with the same threshold validity criterion, i.e., if |-|>Rth or |-|>Rth, UE will stop transmitting SRS in both resource sets. From another perspective, UE can transmit SRS in different SRS resource sets based on the average RSRP changes. Specifically, UE can store the RSRP as the average of pathloss references for different resource sets, i.e., the stored RSRP in Figure 3 is (+)/2, denote as , and the RSRP of pathloss reference_1 and pathloss reference_2 at time t1 is (+)/2, denote as , if |- |>Rth, UE will stop transmitting SRS in both resource sets.
· Option 2: UE calculates the RSRP change details using the updated pathloss reference, i.e., the RSRP change of resource set 1 refers to the difference of  and , the RSRP change of resource set 2 refers to the difference of  and . 
With this option, on one hand, UE can transmit SRS in different resource sets separately, i.e., if |-|>Rth, UE will stop transmitting SRS in resource set 1, and if |-|>Rth, UE will stop transmitting SRS in resource set 2. On the other hand, UE can transmit SRS with the same threshold validity criterion, i.e., if |-|>Rth or |-|>Rth, UE will stop transmitting SRS in both resource sets. From another perspective, UE can transmit SRS in different SRS resource sets based on the average RSRP changes. Specifically, UE can store the RSRP as the average of pathloss reference_1 and pathloss reference_2 at time t0, i.e., the stored RSRP is (+)/2, denote as , and the RSRP of pathloss reference_3 and pathloss reference_4 at time t1 is ( +)/2, denote as , if | - |>Rth, UE will stop transmitting SRS in both resource sets.
The above analyses adopt the SSB measured by UE as pathloss reference for TA validation, alternatively, UE can adopt the pathloss RS for both SRS transmission power calculation and TA validation. Therefore, concerning which RS is the reference RS for the RSRP change threshold, we have the following observation:
[bookmark: _Ref12656]Observation 2: Concerning the reference RS selection of the RSRP change threshold for TA validation, the following options can be considered:
· For the case UE selects ONE pathloss reference for different SRS resource sets
· Option 1: RSRP change is the RSRP difference based on the same pathloss reference at different time
· Option 2: RSRP change is the RSRP difference based on the different pathloss references from the last cell and the new camp cell
· For the case UE selects different pathloss references for different SRS resource sets
· Option 1: RSRP change is the RSRP difference based on the same pathloss reference at different time
· Option 2: RSRP change is the RSRP difference based on the different pathloss references from the last cell and the new camp cell
· the RSRP change threshold validation criterion can be applied for different SRS resource sets separately
· UE can adopt the pathloss RS for both SRS transmission power calculation and for TA validation
Technically, from our perspective, UE should choose the reference from the same cell as the pathloss reference for RSRP change threshold, the reasons are as follows:
[image: ]        [image: ]
[bookmark: _Ref19416]Figure 4 (a)RSRP change example in Rel-17      (b)RSRP change example in different cells
As shown in Figure 4(a), in Rel-17, the RSRP change threshold is used to judge whether a UE moving out of the serving cell. From cell center to cell edge, i.e., at time t0 UE is in the center of a cell, and at time t1, UE is in the cell edge, the RSRP is decreased from RSRP a to RSRP b. For Rel-18, when a UE is moving to a new camping cell, as shown in Figure 4(b), the RSRP between the UE to the new camping cell will be increased, i.e. from RSRP b to RSRP c. The RSRP change (RSRP c and RSRP a) becomes smaller. With option 2 mentioned above, the RSRP change will never break the threshold. Choosing SSB(s) from the new camping cell when cell reselection occurs as the pathloss reference for the RSRP change threshold is not applicable and it is weird to compare the RSRP using different pathloss references at different time. And with option 2, UE may always regard the RSRP change is within the RSRP change threshold. Therefore, we have the following proposal:
[bookmark: _Ref931]Proposal 2: Concerning the reference RS selection of the RSRP change threshold for TA validation, RSRP change is the RSRP difference based on the same pathloss reference at different time.
SRS transmission power control related configurations 
Concerning the power control-related configurations, the following proposal was agreed in 3GPP TSG RAN WG1 #112 [2]:
	Agreement
For the power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, further study the following options:
· Option 1: Pathloss RS is absent in the configuration. 
· FFS criterion on UE determination of pathloss RS (e.g., up to UE implementation, UE selects an SSB as the pathloss RS based on DL measurements from multiple SSBs of cells within the validity area, etc.). 
· Option 2: Pathloss RS is provided in the configuration
· FFS details on configuration (e.g., pathloss RS is configured as a cell-agnostic DL RS, pathloss RS is configured as a fixed SSB within the validity area, etc.), including whether the information is configured for all or a subset of cells within the validity area 
· FFS signaling to configure the pathloss RS, e.g., via SRS activation message.
· Note: UE Power consumption needs to be taken into account 
· FFS: Whether p0 and alpha can be commonly configured across cells within the validity area. 
· FFS validity criteria of pathloss RS and UE behavior if it determines that the validity criteria of pathloss RS is not met, if any, to avoid frequent RRC connection for SRS (re)configuration.


In Rel-17, the positioning SRS transmission power is determined as follows:
	If a UE transmits SRS based on a configuration by SRS-PosResourceSet on active UL BWP  of carrier  of serving cell , the UE determines the SRS transmission power  in SRS transmission occasion  as 
[image: ] [dBm]
where, 
-	 and  are provided by p0-r16 and alpha-r16 respectively, for active UL BWP  of carrier  of serving cell , and SRS resource set  is indicated by SRS-PosResourceSetId from SRS-PosResourceSet, and
-	 is a downlink pathloss estimate in dB calculated by the UE, as described in clause 7.1.1 in case of an active DL BWP of a serving cell , using RS resource indexed  in a serving or non-serving cell for SRS resource set  [6, TS 38.214]. A configuration for RS resource index  associated with SRS resource set  is provided by pathlossReferenceRS-Pos. 


In the above formula, transmission power control-related parameters in SRS configuration comprise p0, alpha and pathlossReferenceRS-Pos. 
For the UE in RRC_CONNECTED state, UE may calculate the above parameter  using an RS resource obtained from the SSB of the serving cell that the UE uses to obtain MIB when UE is not provided with pathlossReferenceRS-Pos. But for LPHAP, UEs are expected to not enter RRC_CONNECTED state frequently. If UE is in the RRC_INACTIVE state and determines that it is not able to accurately measure , the UE will not transmit SRS in the configured SRS resource set. Moreover, the need for fields to be present for pathlossReferenceRS-Pos is Need M, which means, upon receiving a message with the field absent, the UE maintains the current value. However, if UE moves to a new cell while maintaining the previous pathlossReferenceRS-Pos configuration, UE cannot measure  accurately, the SRS resource cannot be transmitted successfully. Therefore, the pathlossReferenceRS-Pos is invalid for SRS transmission power determination for UE not in RRC_CONNECTED state when UE camps on a new cell. 
From another perspective,  and  are provided by p0-r16 and alpha-r16, for active UL BWP  of carrier  of serving cell , and SRS resource set . When UE camps on a new cell, p0 and alpha could be different from the previous serving cell. Hence, we have the following observation:
[bookmark: _Ref21665]Observation 3: Power control related parameters include pathloss reference, p0 and alpha cannot be reused in multiple cells, these configurations are regarded as invalid when UE camps on a new cell. 
In the following, we will analyse the pathloss RS determination details with the options provided in the agreement.
Pathloss RS is absent in the configuration
Regarding the UE behavior, if Pathloss RS is absent in the configuration, the following agreement was achieved in 3GPP TSG RAN WG1 #112bis-e [1]:
	Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is absent in the configuration, the UE determines the pathloss RS using a RS resource obtained from the SS/PBCH block of the camping cell that the UE uses to obtain MIB as the pathloss RS.


In this section, we will not discuss the achieved consensuses.
Pathloss RS is provided in the configuration
Regarding the pathloss RS provided in the configuration, the following agreement was achieved in 3GPP TSG RAN WG1 #112bis-e [1]:
	Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support one or multiple of the following alternatives on how to configure pathloss RS (down-selection to be made in RAN1#113 meeting):
· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;
· Reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17, i.e. when the pathloss RS cannot be accurately measured. When the validity criteria of OPLC fail, pathloss is calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.
· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-5: Reuse the configuration of pathloss RS in Rel-17. The UE only transmits SRS resources in a SRS resource set associated with pathloss RS that can be accurately measured.
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-6: Reuse the configuration of pathloss RS in Rel-17;
· A cell-agnostic DL RS can be the pathloss RS in the validity area and the cell-agnostic DL RS itself.
Note: UE power consumption should be considered


[bookmark: _Ref16796]For Alt. 2-4, if pathloss RS is provided in the configuration, a pathloss RS list can be included in the configuration, and UE can adopt or choose several reference signals from the configured pathloss RS list as its pathloss RS. Also, gNB can configure a cell list for UE, and UE can choose pathloss RS from the signals transmitted by the cell(s) in the cell list. In this way, gNB is aware of the possible pathloss RS that UE is adopting/choosing and UE can select relatively suitable pathloss RS for positioning SRS transmission. 
When UE moves to another cell’s coverage, UE should transmit SRS continuously during the positioning process. In the current specification, it is mentioned that UE will not transmit SRS if it is not able to accurately measure  as follows:
	TS 38.213 7.3.1 UE behaviour:
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. 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.


For Alt. 2-1, Alt. 2-5 and Alt. 2-6, if pathloss RS in Rel-17 is reused, it means the pathloss RS is configured by the last serving cell. The pathloss RS configuration may become invalid soon as UE may move across the validity area. When the configuration validation criteria fail, a fallback behavior is required. for example, in Alt. 2-1, UE may select pathloss RS as listed in the last agreement, UE may always take the RS with larger RSRP as its pathloss RS, which is not feasible for SRS transmission in the validity area. That is, if UE moves a new cell and the previous Pathloss RS cannot be accurately measured, UE always uses the pathloss from MIB of the new camping cell, which leads to very small transmission power, the neighbor cells other than the new camping cell may not be able to receive the SRS. That is a big issue for the positioning calculation since multiple gNB measurement should be involved. Instead, if UE is configured with a list of candidate pathloss RS or candidate cells, i.e., Alt. 2-4, the frequency/probability of validation criteria failure will be less than that of Alt. 2-1, Alt. 2-5 and Alt. 2-6, less fallback behavior is required if Alt. 2-4 is adopted. 
Specifically, for Alt.2-4, a list of candidate cells can be configured for a SRS resource set. And it’s up to UE implementation to select PL RS from the configured candidate cells. For example, the UE can select an SSB from the candidate cells as the PL RS. 
Therefore, we have the following proposal:
[bookmark: _Ref937]Proposal 3: For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support the following configuration on how to configure pathloss RS:
· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
Spatial Relation
The spatial relation between a reference RS and the target SRS is configured in SRS-SpatialRelationInfoPos. UE shall transmit the target SRS resource(s) within the SRS resource set according to the spatial relation. In the current SpatialRelationInfoPos IE, the spatial relation could be SSB/CSI-RS/SRS in the serving cell or SSB/PRS of the neighbor cell. When the UE moves to a new cell, the current spatial relation may be invalid. As shown in Figure 5, UE may receive spatial relation configuration from its serving cell before movement, and the SRS can be transmitted with the configured beam direction. If UE moves to another cell but the spatial relation remains unchanged, the transmitted SRS cannot be detected by the receiver. 
[image: ]
[bookmark: _Ref16146]Figure 5 Example for spatial relation difference in SRS transmission
Concerning the spatial relation configurations, the following proposal was agreed in 3GPP TSG RAN WG1#112bis-e [1]:
	Agreement
· For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state:
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;
· When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.
· FFS: spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met.


In the following, we will analyse the spatial relation determination details with the FFS provided in the agreement.
Spatial relation is absent in the configuration
Regarding the UE behavior, if spatial relation is absent in the configuration, the following agreement was achieved in 3GPP TSG RAN WG1 #112bis-e [1]:
	Agreement
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;


In this section, we will not discuss the achieved consensuses.
Spatial relation is provided in the configuration
Regarding the UE behavior, if spatial relation is absent in the configuration, the following agreement was achieved in 3GPP TSG RAN WG1 #112bis-e [1]:
	Agreement
· When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.


If spatial relation is provided in the configuration, a spatial relation list can be included in the configuration, and UE can adopt or choose several reference signals from the configured spatial relation list as its spatial relation. Also, gNB can configure a cell list for UE, and UE can choose spatial relation from the signals transmitted by the cell(s) in the cell list. In this way, gNB is aware of the possible spatial relation that UE is adopting/choosing and UE can select relatively suitable spatial relation for positioning SRS transmission. 
[bookmark: _Ref12685]Proposal 4: If spatial relation is provided in the configuration, the following configuration can be supported:
· gNB configures a spatial relation list or cell list for UE, UE can choose the spatial relation from the configured list.
Validity criteria of spatial relation
For the last FFS mentioned in the agreement, i.e., spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met, the validity criteria of spatial relation and UE behavior should be considered if it determines that the validity criteria of spatial relation is not met. In our opinion, gNB can configure the RSRP threshold for the spatial relation validity criteria. If the measured RSRP of the reference signals from the list is lower than the threshold, UE should regard this spatial relation as invalid. A request for spatial relation configuration update is required. In this way, the spatial relation can be updated in time. Hence, we have the following proposal:
[bookmark: _Ref12692]Proposal 5: Support gNB configuring RSRP threshold for the validity criteria of spatial relation. UE will regard the spatial relation as invalid if the validity criteria is not met.
Conclusion 
In this contribution, we have the following observations and proposals.
Observation 1: UE can reuse the TA obtained from the last serving gNB across multiple cells within the SRS configuration validity area.
Observation 2: Concerning the reference RS selection of the RSRP change threshold for TA validation, the following options can be considered:
· For the case UE selects ONE pathloss reference for different SRS resource sets
· Option 1: RSRP change is the RSRP difference based on the same pathloss reference at different time
· Option 2: RSRP change is the RSRP difference based on the different pathloss references from the last cell and the new camp cell
· For the case UE selects different pathloss references for different SRS resource sets
· Option 1: RSRP change is the RSRP difference based on the same pathloss reference at different time
· Option 2: RSRP change is the RSRP difference based on the different pathloss references from the last cell and the new camp cell
· the RSRP change threshold validation criterion can be applied for different SRS resource sets separately
· UE can adopt the pathloss RS for both SRS transmission power calculation and for TA validation
Observation 3: Power control related parameters include pathloss reference, p0 and alpha cannot be reused in multiple cells, these configurations are regarded as invalid when UE camps on a new cell. 
Proposal 1: For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
· By default, UE maintains the TA obtained from the last serving cell within the validity area.
· Additionally, UE may autonomously adjust the TA up to its implementation.
· The DL reference timing follows the DL timing of current camping cell.
Proposal 2: Concerning the reference RS selection of the RSRP change threshold for TA validation, RSRP change is the RSRP difference based on the same pathloss reference at different time.
Proposal 3: For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support the following configuration on how to configure pathloss RS:
· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
Proposal 4: If spatial relation is provided in the configuration, the following configuration can be supported:
· gNB configures a spatial relation list or cell list for UE, UE can choose the spatial relation from the configured list.
Proposal 5: Support gNB configuring RSRP threshold for the validity criteria of spatial relation. UE will regard the spatial relation as invalid if the validity criteria is not met.
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