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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To support power efficiency enhancements, the following objectives were identified:
	· 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].



In this contribution, we provide our initial views on SRS configuration enhancements, focusing on RAN1 part.

Discussion
[bookmark: _Ref31533076]2.1 SRS in multiple cells
As clarified by the WID objective, to support SRS valid in multiple cells, details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells should be considered.

Common SRS parameters across multiple cells
In Rel-17, the following configurations of SRS positioning in RRC_INACTIVE state are conveyed in RRCRelease messages, where on top of the Rel-16 SRS positioning configurations, BWP information, TA timer and RSRP change threshold are additionally provided:
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The configuration of SRS positioning in Rel-16 contains the following parameters:
· SRS positioning resource set
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· SRS positioning resource
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Within the set of configuration parameters, it is observed that parameters including pathloss reference information, spatial relation information, and SSB related information are highly dependent on UE location, which cannot be applicable to configurations across multiple cells.
Observation 1: Pathloss reference information, spatial relation information, and SSB related information are highly dependent on UE location, which cannot be applicable to configurations across multiple cells.
Proposal 1: At least the following of SRS positioning configuration are decoupled with UE location and can be pre-configured as common parameters across multiple cells:
· Bandwidth;
· Number of resources within the resource set;
· Resource type (incl. P/SP SRS pos);
· Periodicity and slot offset;
· Starting symbol and number of symbols;
· Transmission comb (incl. comb size, comb offset, and cyclic shift);
· Sequence ID;
· Sequence hopping parameter;


Timing advance
In R16 positioning, the transmission of SRS positioning towards neighboring cell applies the TA of serving cell. To enable SRS applicable to multiple cells, one issue is whether the current TA mechanism (i.e., following the TA from the latest camping cell) should be optimized. Note that in R16/17 positioning, the SRS positioning can be processed by neighbouring cells, from this perspective, follow the legacy TA mechanism is not a particular and severe issue if the SRS positioning configuration is extended to multiple cells. On the other hand, such an issue depends on the deployment and configuration of the cell list. If the size of the positioning area containing multiple cells can be covered by the CP, the ICI would not be an issue. To be specific, considering the SCS of 30 kHz in FR1, the CP length is 2.34 us which covers 703m. By implementation, the validity area of SRS positioning can be within the range, and therefore the same TAG can be maintained within the list of cells. 
Proposal 2: For a positioning area containing multiple cells with the size that can be covered by CP, the TA from the latest camping cell can be maintained.
In addition, in Rel-17 SRS transmissions in RRC_INACITVE state, RAN2 agreed that the TA timer mechanism and RSRP-based TA validation mechanism that defined for CG-SDT are reused for SRS transmission in RRC_INACTIVE state. If the TA timer expires, or the RSRP change performed based on the DL pathloss reference signal exceeds the RSRP change threshold, it indicates that the SRS positioning configurations in RRC_INACTIVE state is invalid and the UE should re-enter the RRC_CONNECTED state to acquire updates.
To support SRS in multiple cells, not satisfying the TA validation criteria only indicates that the surrounding environment or the UE location changes, as long as UE is within the validity area, UE is not required to re-enter RRC_CONNECTED to update configurations. Hence, the TA validation criteria can be further enhanced, and details should be up to RAN2.
Proposal 3: The TA timer and TA validation mechanisms in Rel-17 SRS transmission in RRC_INACTIVE state should be re-considered. Details are up to RAN2.

Interference
Similar as the discussion on timing advance, in R16 positioning, as the SRS positioning can be received by neighbouring cells, it implies that the interference due to the SRS positioning transmission timing is not a particular and sever issue if it is extended to multiple cells. This can be resolved based on NW deployment and implementation. In addition, there may have another interference caused by SRS collision. However, in R16 positioning, the SRS positioning configuration is determined by serving gNB and such potential collision and interference still exists, and no optimization is considered in previous releases. In our views, such optimization or coordination of SRS resources in multiple cells can also be addressed based on NW implementation, and does not need to be specified.
Proposal 4: Interference can be addressed by NW deployment and implementation. No specification work is required.


Spatial relation information
In Rel-17, it was specified to reuse the validity criteria of open loop power control as the validity criteria of the spatial relation information for the configured RS, and if UE determines that the validity rule cannot be met, the SRS transmission is suspended. For a configured SRS in multiple cells, as the UE can move outside of the serving cell, the validity rule of spatial relation information is not applicable to keep such SRS valid across multiple cells. 
Note that during the study item, the following consensus was made, in which the evaluation and study was focused on FR1.
	Agreement
· Adopt the following parameters as the common evaluation parameters for the LPHAP evaluation:
· Frequency range: FR1 (baseline); FR2 (optional)
· SCS: 30kHz for FR1 (baseline); 120kHz for FR2 (optional)
· BW of the DL PRS and UL SRS pos: 100MHz;
· Single-sample measurement per position fix (baseline); 4-sample measurement per position fix (optional)
· UE mobility: up to 3km/h
· Note: It is up to each company to provide detailed power model and evaluation results on power consumption in FR2.
Conclusion
· At least when the positioning accuracy is evaluated without jointly evaluating the associated power consumption, the target horizontal positioning accuracy requirement on LPHAP of <1m can be achieved by Rel-16/17 positioning techniques with a positioning bandwidth of at least 100MHz.
· The main aspect of RAN1 evaluation is on power consumption.
· Note: This does not preclude the case that the positioning accuracy can be revisited, if found necessary at later stage.


From this perspective, corresponding discussion and enhancement on spatial relation information can be de-prioritized as it is only applied in FR2.
Observation 2: The study of LPHAP focuses on FR1 and enhancement on spatial relation information to support SRS in multiple cells is only applied in FR2.
Proposal 5: For support of SRS in multiple cells, to down-select between the following two options:
· Option 1: Enhancements on spatial relation information is de-prioritized in the normative work.
· Option 2: Enhancements on spatial relation information is included in the normative work.
In case that discussion on spatial relation information is included in the normative work, enhancements can be further discussed. One solution is not to consider such parameter when configuring SRS across multiple cells, in such cases, the UE can transmit the SRS in a beam sweeping way, or omnidirectional direction. In addition, as pre-configuration of one or more SRS configurations and activation/request procedures are included in the WID scope, solutions such as providing spatial relation information via NW activation of a SRS resource, UE requesting a SRS positioning configuration update in case that validity criteria of spatial relation information fails.

Power control
In Rel-17, it was specified to reuse the validity criteria of open loop power control in Rel-16, and if UE determines that it cannot accurately measure the pathloss RS, the SRS transmission is suspended.
To support SRS in multiple cells, the power control mechanism should be considered to keep such SRS valid within multiple cells and meanwhile avoid introducing severe UL interferences to these cells. One way is to update the fallback behavior that when the UE cannot accurately measure the pathloss RS, the UE can use the resources to obtain MIB with the largest RSRP to determine the transmit power, and not limit the resources from the old serving cell. In addition, some (pre)configured transmit power or pathloss offset can be configured with the SRS in multiple cells. Similar as the discussion on spatial relation information, solutions such as providing pathloss RS via NW activation of an SRS resource, or UE requesting an SRS positioning configuration update in case that validity criteria of power control fails can be further considered.
Proposal 6: To support SRS in multiple cell, the following enhancements on power control can be considered:
· UE fallback behavior in case that the validity criteria fails;
· NW provides pathloss RS via activation procedure;
· UE requests SRS positioning update in case that the validity criteria fails.

2.2 SRS pre-configuration, activation and/or request procedure(s)
In Rel-17 positioning, pre-configuration of measurement gaps, NW (de)activation and UE request of a pre-configured measurement gap was specified. Similar mechanism can be used for pre-configuration, activation/request of SRS for positioning resources. 
From RAN1 perspective, the condition of UE request of a pre-configured SRS for positioning should be discussed. In our views, the following can be considered:
· TA validity criteria fails;
· OPLC validity criteria fails;
· FFS: Spatial relation information validity criteria fails.
In such conditions occur, the UE can request a pre-configured SRS for positioning update without re-entering the RRC_CONNECTED state, e.g., via 2/4-step RACH procedures. Details are up to RAN2.
Proposal 7: Consider the following conditions of UE request SRS for positioning:
· TA validity criteria fails;
· OPLC validity criteria fails;
· FFS: Spatial relation information validity criteria fails.

Conclusions
In this contribution, we provide our views on LPHAP, and the following proposals are made:
Observation 1: Pathloss reference information, spatial relation information, and SSB related information are highly dependent on UE location, which cannot be applicable to configurations across multiple cells.
Observation 2: The study of LPHAP focuses on FR1 and enhancement on spatial relation information to support SRS in multiple cells is only applied in FR2.

Proposal 1: At least the following of SRS positioning configuration are decoupled with UE location and can be pre-configured as common parameters across multiple cells:
· Bandwidth;
· Number of resources within the resource set;
· Resource type (incl. P/SP SRS pos);
· Periodicity and slot offset;
· Starting symbol and number of symbols;
· Transmission comb (incl. comb size, comb offset, and cyclic shift);
· Sequence ID;
· Sequence hopping parameter;
Proposal 2: For a positioning area containing multiple cells with the size that can be covered by CP, the TA from the latest camping cell can be maintained.
Proposal 3: The TA timer and TA validation mechanisms in Rel-17 SRS transmission in RRC_INACTIVE state should be re-considered. Details are up to RAN2.
Proposal 4: Interference can be addressed by NW deployment and implementation. No specification work is required.
Proposal 5: For support of SRS in multiple cells, to down-select between the following two options:
· Option 1: Enhancements on spatial relation information is de-prioritized in the normative work.
· Option 2: Enhancements on spatial relation information is included in the normative work.
Proposal 6: To support SRS in multiple cell, the following enhancements on power control can be considered:
· UE fallback behavior in case that the validity criteria fails;
· NW provides pathloss RS via activation procedure;
· UE requests SRS positioning update in case that the validity criteria fails.
Proposal 7: Consider the following conditions of UE request SRS for positioning:
· TA validity criteria fails;
· OPLC validity criteria fails;
· FFS: Spatial relation information validity criteria fails.


References
[1] [bookmark: _Ref127173010]RP-223549, New WID on Expanded and Improved NR Positioning, Intel Corporation, CATT, Ericsson, 3GPP TSG RAN Meeting 98-e.


2/4
image1.png
SRS-POSRRC-Inactive-rl7 ::= OCTET STRING (CONTAINING SRS-PosRRC-InactiveConfig-rl7)<

SRS—-POSRRC-InactivecConfig-rl7 SEQUENCE {¢
srs—PosConfigNUL-rl7 SRS—PosConfig-rl7 OPTIONAL, ==
srs—PosConfigsUL-rl7 SRS—-PosConfig-rl7 OPTIONAL, ==
bwp-NUL-r17 BWP OPTIONAL, ==
bwp-SUL-r17 BWP OPTIONAL, ==
inactivePosSRS-TimeAlignmentTimer-rl7  TimeAlignmentTimer OPTIONAL, ==
inactivePosSRS-RSRP-changeThreshold-rl7 RSRP-ChangeThreshold-rl7 OPTIONAL ==

e

RSRP-ChangeThreshold-r17
SRS-PosConfig-rl7 ::= SEQUENCE {¢
srs-PosResourcesSetToReleaseList-rl7 SEQUENCE (SIZE(1l..maxNrofSRS-PosResourceSets-rlé)) OF SRS-PosResourceSetId-rlé OPTIONAL,
srs-PosResourceSetToAddModList-r17 SEQUENCE (SIZE(1l..maxNrofSRS-PosResourceSets-rl6)) OF SRS-PosResourceSet-rl6 OPTIONAL, —
srs-PosResourceToReleaseList-rl7 SEQUENCE (SIZE (1..maxNrofSRS-PosResources-rl6)) OF SRS-PosResourceId-rlé OPTIONAL, ——
srs-PosResourceToAddModList-r17 SEQUENCE (SIZE (1..maxNrofSRS-PosResources-rle)) OF SRS-PosResource-rlé OPTIONAL ——

ENUMERATED {dB4, dB6, dBS, dBl0, dBl4, dB18, dB22, dB26, dB30, dB34, spare6, spare5, spared, spare3, spare2, spa





image2.png
SRS-PosResourceSet-rlé
srs-PosResourceSetId-rl6
srs-PosResourceIdList-rl6

resourceType-rl6
aperiodic-rl6

aperiodicSRS-ResourceTriggerList-rle

1e
semi-persistent-rl6

1e
periodic-rl6

1o

alpha-rl6

pO-r16

pathlossReferenceRS-Fos-r16
ssb-IndexServing-rl6
ssb-Neell-rl6
dl-eRS-r16

SEQUENCE {¢
SRS-PosResourceSetId-rl6, <
SEQUENCE (SIZE(1..maxNrofSRS-ResourcesBerSet)) OF SRS-PosResourceId-rlGe

OPTIONAL, —- Cond S
CHOTCE {¢
SEQUENCE {¢
SEQUENCE (SIZE (1..maxNrofSRS-TriggerStates-1))¢
OF INTEGER (1..maxNrofSRS-TriggerStates-1) oPTIONAL,
SEQUENCE {¢
SEQUENCE {¢
Alpha oPTIONAL,
INTEGER (-202..24) OPTIONAL,
cHoICE (¢

SSB-Index, <
SSB-InfoNcell-rl6, <
DL-ERS-Info-rlG

OPTIONAL,




image3.png
SRS-PosResource-T16

SEQUENCE {

srs-PosResourceId-rl6 SRS-PosResourceld-ris,
transmissionComb-r16 CHOICE {
n2-ri6 SEQUENCE {
combOffset-n2-r16 INTEGER (0..1),
cyclicShift-n2-r16 INTEGER (0..7)
By
né-rie SEQUENCE {
combOffset-nd-r16 INTEGER (0..3),
cyclicShift-nd-ri6 INTEGER (0..11)
By
ne-rie SEQUENCE {
combOffset-ns-r16 INTEGER (0..7),
cyclicShift-ng-ri6 INTEGER (0..5)
By
By
resourceMapping-r16 SEQUENCE {
startPosition-rie INTEGER (0..13),
nrofSymbols-rie ENUMERATED {n1, n2, n4, n8, ni2}
By
freqDomainshifc-r16 INTEGER (0..268)
£reglopping-r16 SEQUENCE {
c-SRS-rl6 INTEGER (0..63),
By
groupOrsSequenceHopping-r16 ENUMERATED { neither, groupHopping, sequenceHopping 3,
resourceType-ri6 CHOICE {
aperiodic-ri SEQUENCE {
slotoffset-rl6 INTEGER (1..32) OPTIONAL, - Need

By
semi-persistent-ris SEQUENCE {
periodicityAndOffsec-sp-ri6 SRS-PeriodicityAndOffsec-ri6,

By
periodic-ris SEQUENCE {
periodicityAndOffset-p-ri6 SRS-PeriodicityAndOffsec-ri6,

By
sequencela-ri6 INTEGER (0..65535),
spatialRelationInfoPos-rl6 SRS-SpatialRelationInfoPos-ris OPTIONAL, - Need





image4.png
SRS-SpatialRelationInfoPos-rl6

CHOICE {:
servingRs-ris SEQUENCE {
servingCellld ServCellIndex
referencesignal-ris CHOICE {
ssb-IndexServing-r16 5SB-Index,
cs1-RS-IndexServing-rl6 NZP-CSI-RS-ResourceId,
srs-SpatialRelation-ris SEQUENCE {
resourceselection-r16 CHOICE {

srs-Resourceld-rl6
srs-PosResourceId-rl6

By

uplinkWE-r16

By
ssb-Neell-r16
d1-PRS-r16

SRS-Resourceld,
SRS-PosResourceId-rl6

BWE-Td:

SSB-InfoNcell-ris,
DL-PRS-Info-r16:

OPTIONAL,





