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The WID [1] for study on expanded and improved NR positioning enhancements in Rel. 18, lists, among others, the following as objective for RAN2:

	· 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].




In RAN2#121 Meeting [2], we reached the following agreements. 

	· When configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during SRS transmission, the UE continues the SRS transmission, subject to validation for SRS transmission.
· Wait for RAN1 progress for the validation of SRS transmission with issues such as interference, timing advance and spatial relation information, etc.
·  RAN2 assume when the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request.
· LS to RAN3 to confirm this.


In this contribution, we provide our views on way forward on uplink reference signal configuration in LPHAP scenario.
Configuration for positioning SRS in LPHAP scenario

Multiple SRS-Configurations
In Rel. 17, SRS transmission in RRC_INACTIVE is supported at least for deferred MT-LR. The UE could continue transmitting SRS as long as the increase/decrease of RSRP for time alignment validation was within the threshold.
Observation 1: With Rel. 17, the UE can continue transmitting as long as the last TA is valid and TA is considered valid if the RSRP measured has not deviated by a threshold.
In RAN2#121  [2], we agreed that when configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during SRS transmission, the UE continues the SRS transmission, subject to validation for SRS transmission.
With the above agreement, the UE may continue transmitting SRS when cell reselection occurs. This relaxes the restriction that SRS configuration had to be reacquired when cell-reselection occurs, as it had been the case with Rel. 17.
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[bookmark: _Ref117683491]Figure 1: Depiction of areas where the SRS configuration provided is valid.
In Rel. 17, we considered TA to be valid if the RSRP measured has not deviated by a threshold. For LPHAP, this can be further extended to allow several values of TA to be used depending on change in RSRP values. 
Proposal 1: A UE shall be provided multiple TA values applicable within a validity area. The applicable TA shall be selected by the UE based on DL-measurement (which may be part of cell-reselection). 
We also further agreed that RAN2 assume when the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request.

In Rel. 17, we enabled the UE to receive multiple instances of AD, where each instance is applicable to a certain area in the network was specified. The same concept can be extended to the SRS where a UE can be configured with multiple instances of SRS configurations, from which one SRS configuration can be activated. The instance of SRS configuration that is activated may be determined either by
(i) Validity area, which may for example be signaled by list of cells.
(ii) Measurement, where a configuration may be selected based on outcome of measurement of a downlink reference signal.
Observation 2: By extending the concept of multiple assistance data to uplink, the UE can continue transmiting SRS beyond the initial validity area. This extends the intial validity area without having to send RRC_Reconfiguration_Request. 
This means a UE can be configured to utilize certain TA values based on DL measurements, and the DL measurements (for example those performed in order to select a camped cell) can already be used to map to a timing value.

Proposal 2:  A UE shall be provided multiple configuration instances,  a particular configuration shall be selected based on camped cell and (optionally) measurements. 
Issue 2: Contention vs. Capacity due to UE multiplex 
In Rel. 17, the SRS configuration is released when the UE moves from RRC_CONNECTED to RRC_IDLE. One possibility is to provide a UE with SRS for positioning while the UE is in RRC_IDLE mode or RRC_INACTIVE mode. Alternatively, a UE can be allowed to use the configuration provided during the RRC_CONNECTED mode to be continued to be used during RRC_INACTIVE and RRC_IDLE for LPHAP scenarios.
If we assume that a UE may transmit with the same configuration across multiple cells, then the resource configuration needs to be reserved in each of the cells. This leads to a large cost in capacity which increases with the number of size of validity area.
Alternatively, multiple UEs are configured with same (common) configuration, then we may have contention when two UEs try to transmit SRS at the same time. The two UEs may have been configured by two different gNBs within the same SRS validity area. This is similar to PRACH, where two UEs may simultaneously initiate PRACH transmissions and collide. The timing measurement can still be determined if the UEs use different sequences or different cyclic shifts.
Observation 3: Contention scenarios similar to PRACH can occur when transmission of SRS in RRC_IDLE is enabled.
Noting that for positioning measurements signal to noise ratio (SNR) requirements tend to be much lower than that for data communications, we can assume that the UEs can share same REs but be differentiated in parameters such as sequences. Therefore, the common configuration for LPHAP UEs can be broadcasted, whereas the UE-specific part can be signaled close to the transmission time or determined independently by the UE based on identifiers. This reduces the amount of signaling required, as the SIBs can be acquired by the UE around the time the UE acquires the system information for camping in a cell.
Observation 4: Two UEs may have transmission on same REs within the positioning area, and be separated along code-domain (e.g. sequences or cyclic shifts).
An important consideration for LPHAP devices is a longer battery life, which inadvertently leads to a longer period between two consecutive transmissions. Furthermore, the transmission could be triggered by deferred location request events (defined in TS23.273), such as the UE entering into a target area or motion and so on. This could lead to a situation that the UE may need to transmit in one of the configured resources in contention.  However, to reduce the number of collisions and retransmissions, a UE could be configured to monitor certain downlink resources (occasional DL-PRS), whereby the presence or absence of occasional DL-PRS could indicate whether some other UE is currently using the resource of not.
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Figure 2: Mapping the downlink PRS (a reservation resource) which a UE needs to monitor before transmitting an uplink reference signal. The occasional DL-PRS (A) tells the UE whether the UL-SRS configuration (B) is in use by other UE or not, thereby avoiding collisions.

In Rel. 17, monitoring a DL-RS for RSRP change has been specified as a criteria to continue or discontinue SRS transmission. The same mechanism can be extended further so that the network transmits a DL-PRS on certain configured resource to indicate to a UE whether the resource is being used by another UE in the network or not. The transmission of a DL-PRS serves as a kind of ‘reservation indicator’, where the UE can determine whether to transmit on a particular instance of a configured SRS resource or to use a different instance of a configured SRS resource.

Proposal 3: A SRS configuration shall be mapped to a downlink reference signal, the measurement on the DL reference signal indicates to the UE whether some other UE in the network is currently using the uplink SRS configuration or not.

Issue 3: Stopping SRS transmission in RRC_INACTIVE and RRC_IDLE
With the Rel. 17 SRS configuration, the UE has among others parameters such as resources indicating pathloss reference, resource indicating the spatial relation which are not same across the whole positioning area.  By dividing the parameters into common and complementary (UE-specific) parts, trigger could be provided to the UE by providing or removing the complementary parts.

Observation 5: The SRS configuration for resources where positioning signals can be transmitted in RRC_IDLE can be split into common and UE-specific for supporting RRC_INACTIVE positioning.
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Figure 3: Splitting the SRS configuration into common and complementary parameter (i.e. a delta configuration)

Especially for MT-LR, it becomes important that the UE in RRC_IDLE has a means to trigger positioning resources. If the configuration is split into common and UE-specific parts, then the reception of UE-specific part could be the implicit request to start transmitting the periodic SRS.
Proposal 4: The SRS configuration shall be divided into common and UE-specific for RRC_INACTIVE. The common configuration shall be coordinated among multiple cells.
Proposal 5: The UE-specific part / complementary parameter (sequences or cyclic shift) may be derived by the UE based on UE identifiers or identifier of the last visited cell or using MT-SDT.
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Figure 2: The parameters to add/release parameter can be sent over the SDT mechanism.

UE mobility causes effects like change in timing advance, which can cause interference due to deteriorating orthogonality at the TRPs. The UE can monitor mobility by performing measurement on a DL-PRS. The SRS configuration may be triggered or stopped based on RSRP measurement of an associated DL-RS. Likewise, a TA value to be used may be derived based on outcome of measurement on one or more DL-PRS resources.

The SRS configuration shall be associated with a DL-RS measurement (e.g. DL-PRS).
Proposal 6: The positioning SRS in RRC_INACTIVE mode shall be triggered to stop if the RSRP on an associated DL-RS (SSB or PRS), – reference resource, falls below a certain threshold or rises above a certain threshold configured by the network.
Different BWP configuration for positioning and communication 
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Figure 1: Separating the active BWP into portions  for data and signalling.and positioning reference signals. PUSCH, PUCCH are limited to the configured region within the BWP and SRS for positioning spans the whole BWP. 
One way to reduce power consumption is to enable lower bandwidth for transmission of UP and CP data. However, accuracy of positioning is increased by use of a higher bandwidth.  Hence, one possibility is to allow data to be restricted to a portion of a bandwidth part, and only allow SRS to be configured for the whole bandwidth part.

A UE may signal the NG-RAN node the size of portion of bandwidth part where the UE may expect to transmit or receive UP and CP data. The TBs are then scheduled within this portion only. At the instances when the UE needs to transmit SRS, then the UE transmits SRS spanning the whole bandwidth of the configured BWP.

Observation 6: Accuracy relies on a larger bandwidth for positioning reference signal but reducing the size of active BWP leads to lower power consumption.

Proposal 7: The UE may signal its capability of the size of BWP for data and BWP for positioning separately.

Proposal 8: SL-PRS allocation rules shall be defined to restrict conflict configurations between communication and positioning. In particular, the transmission of PUSCH and PUCCH shall be restricted to a portion of bandwidth part, depending on UE capability.


Conclusions
In this contribution, we have made the following observations:
Observation 1: With Rel. 17, the UE can continue transmitting as long as the last TA is valid and TA is valid if the RSRP measured has not deviated by a threshold.
Observation 2: By extending the concept of multiple assistance data to uplink, the UE can continue transmiting SRS beyond the initial validity area. This extends the intial validity area without having to send RRC_Reconfiguration_Request. 
Observation 3: Contention scenarios similar to PRACH can occur when transmission of SRS in RRC_IDLE is enabled.
Observation 4: Two UEs may have transmission on same REs within the positioning area, and be separated along code-domain (e.g. sequences or cyclic shifts).
Observation 5: The SRS configuration for resources where positioning signals can be transmitted in RRC_IDLE can be split into common and UE-specific for supporting RRC_INACTIVE positioning.
Observation 6: Accuracy relies on a larger bandwidth for positioning reference signal but reducing the size of active BWP leads to lower power consumption.

Based on the above observations, we make the following proposals:

Proposal 1: A UE shall be provided multiple TA values applicable within a validity area. The applicable TA shall be selected by the UE based on DL-measurement (which may be part of cell-reselection). 
Proposal 2:  A UE shall be provided multiple configuration instances,  a particular configuration shall be selected based on camped cell and (optionally) measurements. 
Proposal 3: A SRS configuration shall be mapped to a downlink reference signal, the measurement on the DL reference signal indicates to the UE whether some other UE in the network is currently using the uplink SRS configuration or not.
Proposal 4: The SRS configuration shall be divided into common and UE-specific for RRC_INACTIVE. The common configuration shall be coordinated among multiple cells.
Proposal 5: The UE-specific part / complementary parameter (sequences or cyclic shift) may be derived by the UE based on UE identifiers or identifier of the last visited cell or signaled by the cell (MT-SDT).
Proposal 6: The positioning SRS in RRC_INACTIVE mode shall be triggered to stop if the RSRP on an associated DL-RS (SSB or PRS), – reference resource, falls below a certain threshold or rises above a certain threshold configured by the network.
Proposal 7: The UE may signal its capability of the size of BWP for data and BWP for positioning separately.
Proposal 8:  SL-PRS allocation rules shall be defined to restrict conflict configurations between communication and positioning. In particular, the transmission of PUSCH and PUCCH shall be restricted to a portion of bandwidth part, depending on UE capability.



References

[1] 	RP-223549, "New WID on Expanded and Improved NR Positioning," 3GPP, Online, 2022-12.
[2] 	3GPP RAN WG2#121, "Chairman's Notes on Positioning and Relay Session," 3GPP, Athens, 2023-2.



image3.png
Common Complementary
Parameters | Parameter




image4.png
Add complementary parameter

Start

Stop

Periodic
SRS

Periodic
SRS

Release complementary parameter




image5.png
frequency

T

Positioning signals within the whole BWP

~ ™~
/ g ~
a

e
z & @ g 2
ke = 2 3
= o [2a] kel
= 5
o)
Configured Region within BWP &
for data and signaling S
(and positioning reference signals) ©
2 2 2 |
— bbbttt *

time




image1.png
Areal

Area 2

Cell 10

Cell 8
AT ~<
Pl A
\\
I'A
//I
Cell 9 /< Cell12
\A\ ,,,

RNA Update

Legend:
A Cell Reselection

@ RRC state transition

== RRC-CONNNECTED
=== RRC-INACTIVE




image2.png
frequency

frequency

Downlink transmission

time

Uplink transmission

time




