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1 Introduction
In the study phase of low power high accuracy positioning (LPHAP), RAN1 concluded that the existing Rel-17 positioning for UEs in RRC_INACTIVE state cannot satisfy the target battery life required by LPHAP use case 6 in the majority of the evaluation scenarios that were examined, and enhancements to improve the battery life were evaluated and discussed. In RAN#98, a work item [1] including an objective on LPHAP was agreed, and more precisely, the following objective is targeted:  
· 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].

This contribution discusses the aspects related to the objective for LPHAP, from RAN1 perspective.
2 Pos-SRS Configuration in Multiple Cells 
1 
2 
Unified TCI State for Pos-SRS 
In order to support Pos-SRS in multiple cells, a TCI state or spatial relation information for Pos-SRS including a source RS from both serving cell and non-serving cell is needed. The Rel-17 unified TCI state framework has been enhanced to include an SSB of a non-serving cell as a source RS as illustrated in Figure 1(a), this allows beam indication using a beam of a non-serving. It would seem natural to use this framework for beam indication of a Pos-SRS transmitted towards a non-serving cell. However, the current Rel-17 unified TCI state framework (see Figure 1 for an illustration), doesn’t apply to positioning reference signals. First, positioning related reference signals (including both DL PRS and Pos-SRS) are not applicable as target reference signals for a unified TCI state. Second, a positioning related reference signal cannot be configured as a source RS for a unified TCI state. Hence, enhancement to the current unified TCI state is needed for LPHAP, which is relatively straight forward: First, the unified TCI state can be applied to a Pos-SRS, and second the unified TCI state should include two additional types of RS as the source RS in the QCL Info: DL PRS and Pos-SRS. With these enhancements, the Pos-SRS can have a source RS associated with a non-serving cell, wherein the source RS can be directly associated to the non-serving cell (e.g., by a non-serving cell SS/PBCH block), or indirectly associated to the non-serving cell (e.g., by a CSI-RS).  


(a) Source RS as a SSB.                           (b) Source RS as a CSI-RS.
[bookmark: _Ref126670723]Figure 1 Illustration of QCL Info in a TCI state.
Proposal 1: Enhance the unified TCI state framework to support positioning SRS:
· Include DL PRS as a source RS type;
· Include positioning SRS as a source RS type;
· The UL or joint TCI state can apply to the positioning SRS, wherein the source RS can be associated directly or indirectly to a non-serving cell.
Time advance for Pos-SRS in Multiple Cells 
For Pos-SRS in multiple cells, another aspect to consider is the time advance (TA) applied to the Pos-SRS transmission in multiple cells. Cells can be non-co-located, hence a different TA can be required when transmitting to each cell. Actually, a similar issue was discussed in Rel-18 MIMO, wherein two TAs for uplink transmissions to different TRPs were considered, and the agreed framework can be reused for Pos-SRS in multiple cells, to save the discussion effort. For example, similar to Rel-18 MIMO 2-TA framework, the initial TA acquisition of a non-serving cell can use the CFRA PDCCH order and/or be based on UE initiated RA procedure, and a UE needs to maintain multiple TAs wherein each TA corresponds to a cell or a cell group (e.g., either serving cell or non-serving cell). Furthermore, if the unified TCI framework is enhanced for Pos-SRS, the TA can be further associated with or included in the unified TCI state, and the UE can determine the corresponding TA to apply for the Pos-SRS transmission based on the associated unified TCI state. 
Proposal 2: Enhance the Rel-18 MIMO 2-TA framework to support positioning SRS in multiple cells:
· Initial TA acquisition of a non-serving cell can use the CFRA PDCCH order and/or be based on UE initiated RA procedure;
· The UE maintains multiple TAs, wherein each TA corresponds to a cell or a cell group;
· The UE determines the corresponding TA to apply for the Pos-SRS transmission based on the associated unified TCI state.
3 Enhancement for Pos-SRS Request
In the legacy procedure, a UE in RRC_INACTIVE needs to transit to RRC_CONNECTED in order to update the Pos-SRS configuration, which typically requires a long delay and large power consumption. To save UE’s power in RRC_INACTIVE, mechanism to support Pos-SRS configuration update without entering RRC_CONNECTED shall be investigated, and such Pos-SRS configuration update can be supported based on two options: UE initiated Pos-SRS configuration update request and gNB indicated Pos-SRS configuration update. For the UE initiated Pos-SRS configuration update request, the UE can request the preferred configuration ID or Pos-SRS parameters using an UL transmission in the RRC_INACTIVE, wherein the UL transmission can be Msg1, Msg3, or MsgA, for instance. For the gNB indicated Pos-SRS configuration update, the gNB can indicate updating Pos-SRS configuration using a DL transmission in the RRC_INACTIVE, wherein the DL transmission can be Msg2, Msg4, MsgB, paging, or system information, for instance. 
Proposal 3: Support UE initiated Pos-SRS configuration update request and gNB indicated Pos-SRS configuration update without entering RRC_CONNECTED.
4 Enhancement for Pos-SRS Activation and Deactivation
In the study phase, minimizing the time domain gap between paging occasion and positioning related signal is observed to be beneficial in power saving, and activation/deactivation of positioning related signal based on paging or PEI is observed with further power saving gain since the UE can wake up and perform both paging related and positioning related operations at the same time (see Figure 2 for an illustration). In [2], quantitative analysis of the power saving gain from paging and PEI based Pos-SRS activation and deactivation was performed, and it was observed that for low SNR scenario, PEI triggered activation/deactivation of Pos-SRS can achieve 20.51% to 20.61% gain on enlarging the battery life, and hence, shall be supported for LPHAP. We also want to note that the same mechanism can be applied to DL PRS activation/deactivation without much specification impact, while achieving 29.11% to 29.36% gain on enlarging the battery life, for DL+UL based positioning. 


[bookmark: _Ref115160489]Figure 2 Illustration of PEI based Pos-SRS activation/deactivation in low SNR.
Proposal 4: Support paging and PEI based activation/deactivation of positioning SRS.
5 PRS Based Positioning Measurement in RRC_IDLE 
In current specifications, a UE in RRC_IDLE can be provided with PRS configurations by system information, e.g., using SIBpos, which implies the PRS based positioning measurement is feasible at least from the configuration perspective. However, the PRS based measurement metrics are not defined yet for RRC_IDLE, but only applicable to RRC_INACTIVE and RRC_CONNECTED. Hence, in order to support PRS based measurement in RRC_IDLE, the corresponding metrics need be generalized and applied to RRC_IDLE as well. 
Proposal 5: Support PRS related measurement metrics for RRC_IDLE, e.g., DL PRS-RSRP, DL PRS-RSRPP.
Meanwhile, in order to save UE’s power and enlarge the battery life, it’s beneficial to support at least one measurement window for PRS based positioning measurement, such that all the positioning related measurement can be performed within the measurement window and the UE can be exempt from positioning based measurement outside the window. The configuration of the PRS based positioning measurement window can be further considered to be associated with a SMTC and/or PO, such that the UE can combine the operation of SS/PBCH block based RRM measurement and/or paging operation in conjunction with the PRS based positioning measurement. Similar to SMTC, further investigation can be performed on the need on supporting multiple positioning based measurement windows, in order to accommodate different use cases of the measurement. Moreover, we also want to note that the benefit of supporting the positioning based measurement window(s) can be applicable to RRC_INACTIVE as well. 
Proposal 6: Support PRS based positioning measurement window(s) for RRC_IDLE.
6 Conclusion 
The proposals from this contribution are summarized as follow: 
Proposal 1: Enhance the unified TCI state framework to support positioning SRS:
· Include DL PRS as a source RS type;
· Include positioning SRS as a source RS type;
· The UL or joint TCI state can apply to the positioning SRS, wherein the source RS can be associated directly or indirectly to a non-serving cell.
Proposal 2: Enhance the Rel-18 MIMO 2-TA framework to support positioning SRS in multiple cells:
· Initial TA acquisition of a non-serving cell can use the CFRA PDCCH order and/or be based on UE initiated RA procedure;
· The UE maintains multiple TAs, wherein each TA corresponds to a cell or a cell group;
· The UE determines the corresponding TA to apply for the Pos-SRS transmission based on the associated unified TCI state.
Proposal 3: Support UE initiated Pos-SRS configuration update request and gNB indicated Pos-SRS configuration update without entering RRC_CONNECTED.
Proposal 4: Support paging and PEI based activation/deactivation of positioning SRS.
Proposal 5: Support PRS related measurement metrics for RRC_IDLE, e.g., DL PRS-RSRP, DL PRS-RSRPP.
Proposal 6: Support PRS based positioning measurement window(s) for RRC_IDLE.
Reference
[1] RP-223549, New WID on Expanded and Improved NR Positioning, Intel Corporation, CATT, Ericsson.
[2] R1-2212053, Discussion on LPHAP, Samsung. 
image2.emf
DRX

2 2 0.50.5 2 18 2 2 16

SSB paging SRS

micro sleep light sleep

PEI


Microsoft_Visio_Drawing1.vsdx

DRX



2
2
0.5
0.5



2
18
2
2



16
SSB
paging



SRS

micro sleep

light sleep
PEI




image1.emf
TCI-StateID

QCL Info1

QCL Info2 (opt)

Serv Cell ID (opt)

BWP ID (opt)

SSB

PCI Index

RS

QCL-Type 

(C/D/C+D)

TCI-StateID

QCL Info1

QCL Info2 (opt)

Serv Cell ID (opt)

BWP ID (opt)

NZP CSI-RS ID

QCL-Type 

(A/B/C/D)

TCI State

QCL Info

TCI State

QCL Info


Microsoft_Visio_Drawing.vsdx

TCI-StateID
QCL Info1
QCL Info2 (opt)

Serv Cell ID (opt)
BWP ID (opt)

SSB
PCI Index
RS
QCL-Type 
(C/D/C+D)

TCI-StateID
QCL Info1
QCL Info2 (opt)

Serv Cell ID (opt)
BWP ID (opt)
NZP CSI-RS ID
QCL-Type 
(A/B/C/D)
TCI State
QCL Info
TCI State
QCL Info



