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1. Introduction
[bookmark: _Hlk30969022]In R16, the positioning functionality was introduced to NR system. In R17, further enhancement for positioning was studied and specified to improve the accuracy, latency, UE power consumption and so on. In RAN#93e meeting, a new SI was approved for the expanded and improved NR positioning [1]. In addition to further enhancement on the traditional dimensions for NR positioning, the main focus of this SI is to expand the NR positioning technology to more scenarios and to new types of UE. To be specific, the R18 positioning SI focuses on three aspects:
· Slidelink positioning 
· Improved accuracy, integrity and power efficiency for NR positioning
· Positioning support for RedCap UE
The detailed objectives for the low power high accuracy positioning (LPHAP) is defined as below [1]:
	· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state


According to the above study objective, RAN1 have evaluated the positioning performance and battery life under low power and high accuracy scenario and requirements. In RAN#98e, the following working items in the WID [6] is captured based on the evaluations and recommendations during SI phase. 
	· 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 will discuss the LPHAP enhancement from RAN1’s perspective, i.e. SRS for positioning pre-configuration issues and solutions. 
2. Enhancement on pre-configuration of SRS for positioning
In RAN1#110bis-e, the following agreement on SRS (re)configuration across multiple cells was made to echo the corresponding progress in RAN2. This target was also captured in the WID [6].
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.



As depicted in Figure 1, a UE in RRC_INACTIVE state within the validity region may randomly move from one cell to another cell. All the related configurations for transmitting SRS for positioning among these cells are pre-configured to the UE. Within each cell, the UE should apply the corresponding configuration to transmit SRS for positioning. One key issue in our mind is that for UE in RRC_INACTIVE state, when and how to adopt the proper configuration (cell-specific or TRP-specific) for positioning SRS. A few of methods can be considered
· UE automatically switch SRS for positioning configuration from cell to cell by referring to DL measurement (e.g. PL-RS measurement, SSB/CSI-RS for mobility if configured)
· NW may indicate the configuration switch for positioning SRS, by referring to UL measurement (i.e. SRS for positioning)
Hence, we think this mechanism should be studied and discussed in RAN1
Proposal 1: On SRS for positioning pre-configured among multiple cells, study mechanisms for UE in RRC_INACTIVE to switch to one proper configuration.


Figure 1 [bookmark: _Ref110956393][bookmark: _Ref126068349]: the validity region including a few of cells pre-configured to UE
In our view, the following aspects should be carefully considered and specified, if necessary. 
2.1. UL interference
When UE is configured with SRS for positioning for multiple cells and moves from cell to cell, it is possible to maintain orthogonality of different SRS resources for positioning at NW side with careful planning. For instance, UE #1 may use the fully/partially overlapped time/frequency resources from UE #2. But if the cyclic shifts of SRS sequences between different SRS resources can be kept as orthogonal, it is possible for NW to eliminate the mutual interference between SRS resources for positioning. This requires careful SRS resource planning within the validity regions for all LPHAP UEs. Otherwise, there could be inevitable UL interference seen at NW side. 
Observation 1: With careful planning of SRS for positioning within the validity area, UL interference might be eliminated.
2.2. Timing advance misalignment
When UE moves from cell to cell in an uncontrollable pattern, the TA values cannot be predicted and thus pre-configured. As in legacy, for LPHAP UE, there is no RACH procedure to obtain new TA value for additional cells. Therefore, the same TAG should be applied across multiple cells. 
If each cell among these multiple cells is deployed in a small range, e.g. indoor scenario, then the timing gap for different LPHAP UEs could be maintained with a CP of symbols. But if that’s not the case, the timing misalignment of SRS for positioning received at NW will break the orthogonality. As a consequence, the UL interference cannot be completely eliminated, thus it should be carefully evaluated and treated in physically layer. 
Observation 2: If UL coverage of each cell within the validity region is small enough, the receiving timing gap between two positioning SRS resources could be kept with a CP. Otherwise, the orthogonality of different SRS for positioning may be broken, thereby introducing undesired UL interference at NW side.
In RAN1#112, the following agreements on TA issues were achieved. The validity-area specific TA timer and RSRP threshold for TA validation are both supported. The remaining question is how to select RS as reference RS for RSRP change threshold. In our understanding, the reference RS should be cell-specific for DL measurement, rather than validity-area specific. It could be pre-configured to UE for each cell in the validity area. 
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

Proposal 2: For the reference RS for TA validation, it should be pre-configured in a cell-specific manner. 
To determine the TA for UEs in RRC_INACTIVE, three options are listed for study in the following agreement. In Option 1, a single TA is obtained from UE’s last serving cell. This approach may only be applicable for the cases when all TAs for multiple cells are within a small range, i.e. single TA would not reach beyond any CP of the cells in the validity region. For option 2, it’s up to UE to adjust its TA according to the DL measurement of SSBs from both serving cell and camping cell. It seems a reasonable choice, since no additional signaling would be triggered when the purpose is to save power. As for Option 3, a burden for UE to store multiple TAs for multiple cells and UE may have to send PRACH and receive RAR to obtain it from cells. It seems not a power saving friendly scheme. 
Agreement
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

With above being said, we have following preference.
Proposal 3: For TA adjustment, support Option 2, i.e. UE autonomously adjusting its TA according to the DL measurements of SSBs from both serving cell and camping cell. 
2.3. Spatial relation update
Next, we discuss the scenario at FR2 where SRS for positioning could be configured/activated with SRS-SpatialRelationInfoPos.
Assume spatial relation (i.e. UL Tx beam) of SRS for positioning is pre-configured, it is necessary to switch the UL Tx beam according to DL and/or UL measurement. But the key issue is when and how to dynamically select proper UL Tx beam when UE moves across cells. For LPHAP UEs in RRC_IDLE or RRC_INACTIVE state, the beam reporting and beam indication can be assumed as suspended until transiting to RRC_CONNECTED.
In RAN1#112, the following agreement was made. Two main options are provided depending on whether spatial relation information is absent or present. 
Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, further study the following options: 
· Option 1: Spatial relation information is absent in the configuration
· FFS: different approaches for down selection at least include the following:
· 1a: UE transmits SRS for positioning resources using different spatial domain transmission filter
· 1b: UE transmits SRS for positioning resource(s) using a fixed spatial domain transmission filter
· FFS criterion on UE determination of the fixed spatial domain transmission filter (e.g., up to UE implementation, based on a selected SSB of the camping cell, based on the configured path-loss RS such as SSB, etc.)
· Option 2: Spatial relation information is provided in the configuration
· FFS details on the configuration and corresponding UE behavior, including whether the information is configured for all or subset of cells
· FFS signaling to configure the spatial relation information, e.g., via SRS activation message.
· Note: UE power consumption needs to be taken into account
· FFS validity criteria of spatial relation for the configured RS and UE behavior if it determines that the validity criteria of spatial relation for the configured RS is not met, if any, to avoid frequent RRC connection for SRS (re)configuration.


In Option 1 when spatial relation is not present, UE transmits SRS for positioning with either different Tx beam (Option 1a) or fixed Tx beam (Option 1b). Both sub options are similar to legacy approach in NR. It could be up to UE to decide which Tx beam to apply for SRS for positioning when spatial relation information is absent. It seems unnecessary to link the DL RS measurement to UL Tx beam selection for this case. 
Proposal 4: On Option 1 (if supported) when spatial relation information is absent, it should be up to UE to transmit SRS for positioning with either different or fixed Tx beam(s).
However, assuming beam correspondence and DL RS (e.g. PL-RS if configured) measurement available at UE side, it seems feasible to allow UE to find out proper UL Tx beam by itself. Apparently, the spatial relation selection can be confined within a set of UL Tx beams pre-configured by NW, so that NW can manage to receive SRS for positioning with corresponding Rx beam. 
Proposal 5: On Option 2 (if supported) when spatial relation information is present, it could be up to UE to select UL Tx beam for SRS for positioning via measurement of DL RS.
Another approach to switch UL Tx beam(s) of SRS for positioning is the indication from NW to UE, since NW has the chance to measure and monitor it from different sites. NW is then able to determine which spatial relation (associated with a configuration) should be activated and which one should be deactivated. Considering the RRC_INACTIVE state, the signaling from NW to UE can be the so-called as SRS activation message. In our understanding, it could be the paging message via paging DCI and scheduled PDSCH. Specifically, NW pages the UE to switch SRS for positioning configuration, but no need to re-entering into RRC_CONNECTED. 
Proposal 6: On Option 2 (if supported) when spatial relation information is present, it could be up to NW to indicate UL Tx beam for SRS for positioning via measurement of positioning SRS.
2.4. UL power control
Along with the switch of UL Tx beam, the corresponding power control parameters, e.g. at least PL-RS, for positioning SRS should be switched accordingly. Note that these power control parameters are configured per positioning SRS resource set and spatial relation (at FR2 only) is configured/activated within positioning SRS resource. Hence, if the positioning SRS resource set is switched by referring to DL/UL measurement, then both UL PC parameter set and UL Tx beam(s) could be switched together. 
In RAN1#112, the following agreement was achieved. Two main options are listed depending on whether PL RS is absent or present in the configuration. 
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 Option 1 when PL RS is absent, it is up to UE to select the PL RS per each cell within the validity region. From this sense, the SSBs from camping cell(s) can be reused as PL RS. Moreover, this selected SSB can also be used as RS for DL timing reference. 
Proposal 7: On Option 1 (if supported) when PL RS is absent, it could up to UE to select the SSBs from either serving cell or camping cell(s) as PL RS.
In Option 2 when PL RS is present, a cell-agnostic DL RS may not be always applicable to serve as PL RS. Since UE trajectory can be somehow random from cell to cell, one pre-configured PL RS may be out of UE’s measurement. Hence, it seems necessary to pre-configure a few of resources as PL RS, possibly per each cell within the validity region. Then similar to the mechanism of spatial relation information selection, it is up to UE to select which PL RS among the configured ones should be used for pathloss estimation. 
Proposal 8: On Option 2 (if supported) when PL RS is present, it could up to UE to select which PL RS should be applied for pathloss estimation.
Moreover, the other UL PC parameter, e.g. P0 and alpha, can be configured commonly among these cells. Specifically, P0 stands for the targeted received power and alpha is the path loss compensation factor. Both parameters are not necessarily cell-specific. To simply UE’s power control, we suggest to configure it as simple as possible. 
Proposal 9: P0 and alpha could be commonly configured across cells within the validity area.
3. Conclusions
In this contribution, we discussed different aspects of low power high accuracy positioning. Based on the discussion, we had the following proposals and observations
Proposal 1: On SRS for positioning pre-configured among multiple cells, study mechanisms for UE in RRC_INACTIVE to switch to one proper configuration.
Proposal 2: For the reference RS for TA validation, it should be pre-configured in a cell-specific manner. 
Proposal 3: For TA adjustment, support Option 2, i.e. UE autonomously adjusting its TA according to the DL measurements of SSBs from both serving cell and camping cell. 
Proposal 4: On Option 1 (if supported) when spatial relation information is absent, it should be up to UE to transmit SRS for positioning with either different or fixed Tx beam(s).
Proposal 5: On Option 2 (if supported) when spatial relation information is present, it could be up to UE to select UL Tx beam for SRS for positioning via measurement of DL RS.
Proposal 6: On Option 2 (if supported) when spatial relation information is present, it could be up to NW to indicate UL Tx beam for SRS for positioning via measurement of positioning SRS.
Proposal 7: On Option 1 (if supported) when PL RS is absent, it could up to UE to select the SSBs from either serving cell or camping cell(s) as PL RS.
Proposal 8: On Option 2 (if supported) when PL RS is present, it could up to UE to select which PL RS should be applied for pathloss estimation.
Proposal 9: P0 and alpha could be commonly configured across cells within the validity area.

Observation 1:  With careful planning of SRS for positioning within the validity area, UL interference might be eliminated.
Observation 2: [bookmark: _GoBack]If UL coverage of each cell within the validity region is small enough, the receiving timing gap between two positioning SRS resources could be kept with a CP. Otherwise, the orthogonality of different SRS for positioning may be broken, thereby introducing undesired UL interference at NW side.
4. Reference
[1] RP-213588, Revised SID on Study on expanded and improved NR positioning
[2] TS 22.104, Service requirements for cyber-physical control application in vertical domains
[3] TS 22.261, Service requirements for the 5G system
[4] TR 38.857, Study on NR Positioning Enhancements
[5] TR 38.840, Study on User Equipment (UE) power saving in NR
[6] [bookmark: _Ref125964307]RP-223549, New WID on Expanded and Improved NR Positioning
image1.emf
TRP 2

TRP 3

TRP 1

Validity region including 

Cell #1 through Cell #3

UE

Cell #1

Cell #2

Cell #3

Cell #4

Cell #5


Microsoft_Visio_Drawing.vsdx
TRP 2

TRP 3







TRP 1




Validity region including Cell #1 through Cell #3
UE


Cell #1
Cell #2
Cell #3
Cell #4
Cell #5



