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 This contribution is reflecting our views on the topics suitable for inclusion in the upcoming work item following the conclusion of the Rel-18 study on expanded and improved positioning [1] and based on the draft WID in [4].  

 Sidelink positioning 
Recommendations from the study item
The conclusions of the study item for SL positioning were as follow (see [TR38.859, 7.2]:
	Sidelink positioning is recommended for normative work, including:
- Sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios may be supported.
- How to enable the procedures/signaling for supporting SL positioning in in-coverage, partial coverage and out-of-coverage scenarios will be further discussed in normative work.
- Protocols between UE and UE
- RAN2 will enable the support of SL-PRS configuration in normative work based on the progress in RAN1.
- RAN2 will design protocol and procedures for SL positioning between UEs (SLPP) in normative work.
- Protocols between LMF and UE
- RAN2 will discuss the details of functionalities of LMF for supporting SL positioning in normative work.
- RAN2 will discuss the protocol details to support sidelink positioning procedures between UE and LMF in normative work.
For the solutions for sidelink positioning,
- The following 2 operation scenarios are recommended for normative work:
- Operation Scenario 1: PC5-only-based positioning.
- Operation Scenario 2: Combination of Uu- and PC5-based positioning.
- RTT-type solution(s) using SL, SL-AoA, and SL-TDOA are recommended for normative work.
- Both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of
the specification support for single-sided RTT, if any, for the introduction of double-sided RTT
- For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation is recommended for normative work.
- For the support of the above methods the following measurements are recommended for normative work:
- SL-PRS based Rx-Tx measurement
- SL-PRS based RSTD measurement
- SL-PRS based RSRP measurement
- SL-PRS based RSRPP measurement
- SL-PRS based RTOA measurement
- SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement.
- A new sidelink reference signal (SL-PRS) is recommended for normative work.
- Such a reference signal should use a comb-based frequency domain structure and a pseudorandom based
sequence where the existing sequence of DL-PRS should be used as a starting point.
- SCI can be used for reserving/indicating one or more SL-PRS resources.
- Both a resource allocation Scheme 1 and Scheme 2 is recommended for normative work, where Scheme 1 corresponds to a network-centric operation SL-PRS resource allocation and Scheme 2 corresponds to UE autonomous SL-PRS resource allocation.
- For resource allocation mechanism for SL-PRS in Scheme 2, a sensing-based resource allocation, or a random resource selection, or both, should be introduced, where the legacy designs for UE autonomous resource allocation are used as a starting point.
- With regards to the SL-PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication are recommended for normative work.
- For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
- With regards to the power control for SL-PRS at least Open Loop Power Control (OLPC) is recommended for normative work.
- Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission are recommended for normative work.



Observations
We propose to capture the content of the conclusions from TR 38.859 for SL positioning in the WID, including support for PRS in shared and dedicated resource pools, PC5-only and hybrid PC-5+Uu positioning support, and support of SL positioning in all coverage scenarios. For PRS resource pools, the SI recommended to specify both dedicated and shared resource pools, with backward compatibility for shared resource pools:
	From TR 38.859, section 7.1:

With regards to the SL-PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication are recommended for normative work.




We see shared resource pools as equally important as dedicated pools to provide operators with the necessary flexibility to deploy SL positioning. 
[bookmark: _Toc121156310]TR 38.859 recommends the use of both shared and dedicated resource pools for SL PRS resource allocation.
[bookmark: _Toc121156311]Both shared and dedicated pools are required to provide deployment flexibility and efficient resource utilization to operators.
[bookmark: _Toc121156326]Include dedicated and shared resource pools for SL PRS in the WI scope for rel18 positioning.  
[bookmark: _Toc121156327]SL Positioning should be supported for both PC5 and hybrid PC5+Uu measurements and reports, in all coverage scenarios.

For this release, we prefer to focus the normative work on FR1. The TR conclusion does not recommend the support of FR2, but states that up to 100MHz of bandwidth for SL PRS was recommended to be supported in FR1. 
	From TR 38.859, section 7.1:

From RAN1’s perspective, it is recommended that SL-PRS bandwidths of up to 100 MHz are supported by the
specifications in FR1 spectrum.



[bookmark: _Toc121156312]TR 38.859 does not recommend to specify SL PRS in FR2
[bookmark: _Toc121156328]Do not include specific support for FR2 for SL PRS in Rel-18.
[bookmark: _Toc121156329]Do not include specific support for FR2-2 for SL PRS in Rel-18.	

Regarding what positioning method should be supported, the TR conclusion includes all legacy RAT based positioning methods except AOD. The draft WID in [4] proposes to discuss whether to include SL-TDOA methods. If prioritization is necessary, we see RTT type and AoA solutions as a higher priority than SL-TDOA methods. SL TDOA methods have a lower accuracy potential and a sensitivity to synch errors which means they may not be well suited for the target use cases with higher accuracy. 
[bookmark: _Toc121156330]For positioning methods supported by sidelink positioning, prioritize RTT and AoA solutions. SL-TDOA can be down-prioritized if necessary to maintain a manageable scope. 
Integrity for RAT dependent positioning techniques
Recommendations from the study item
The following was captured in TR 38.859 conclusions section 7.3:
	Both UE-based and LMF-based integrity for RAT-Dependent Positioning Techniques are recommended for normative work.




Observations
The workload to specify RAT dependent integrity is very low especially when RAN1 has already specified the necessary integrated related measurements.RAN1 may be involved via LSs, but no explicit RAN1 agenda item is needed.  The only work needed is from RAN2 and RAN3 to specify signaling. Besides RAN2 has also agreed to reuse the GNSS Integrity Principle.
[bookmark: _Toc121156313]Workload to specify RAT dependent integrity is very low. Only work needed is from RAN2 and RAN3 to specify signaling of Integrity related measurements.
[bookmark: _Toc121156314]RAN1 feedback can be provided via LS exchange, without the need of an explicit integrity agenda in RAN1.
[bookmark: _Hlk120715062][bookmark: _Toc121156331]RAT dependent integrity is pursued for WI. The WID formulation as below is agreed.
· [bookmark: _Toc121156332]Specify the signaling to support RAT Dependent Integrity [RAN2, RAN3]

Carrier phase measurements for positioning
Recommendations from the study item
The study on carrier phase measurements for improved positioning accuracy concluded without any recommendation for normative work.
There are no agreements on requirements or target accuracy. Consequently, specifying carrier phase-based positioning would mean to specify a feature without a clear use case.
Observations
In presence of very modest error sources (e.g. ARP and PRU location error of just one or a few centimeters, PCO, etc.) we note that companies report CPP accuracy levels which are comparable or even worse than what can be achieved with Rel. 17 positioning methods. Moreover, in the technical report it is observed that:
· 8 out of 8 sources show that the ARP errors have significant impact on NR carrier phase positioning accuracy.
· 2 out of 4 sources show that when UE/TRP antenna PCO model of Example 2 is used, the impact of the PCO errors can be significant.
The trend is clear for the @80% accuracy level but visible already at the @50% accuracy level.
Within the documented positioning use cases in 3GPP, we note that there are no use cases for centimeter accuracy that require the accuracy for a small proportion of target users, such as 50%. Use cases described in SA documents all captured requirements for at least 80 percent of users, if not higher. 

[bookmark: _Toc121156315]The accuracy levels reported for carrier phase-based positioning are generally not better than what can be achieved with Rel. 17 positioning methods when modest error sources are considered.
[bookmark: _Toc121156316]There is no clearly identified use case for centimeter-level accuracy for percentiles below 80% of UEs. 

We note that the topic has been thoroughly studied and debated. In accordance with the SI results we propose to leave carrier phase-based positioning out of the WID.
[bookmark: _Toc121156333]Carrier phase measurements for positioning shall not be included in the WID.

LPHAP 
Recommendations from the study item
LPHAP is recommended for normative work, including:
-    Enhancements on SRS configuration
-    SRS positioning validity area for UL positioning in RRC_INACTIVE is recommended for normative work from R2’s perspective if feasible from R1’s perspective.
-    SRS configuration request is recommended for normative work from RAN2 perspective.
-    Pre-configuration of multiple SRS configurations (e.g., for multiple SRS positioning validity areas) is feasible from RAN2 perspective and recommended for normative work.
-    Alignment between DRX and PRS is recommended to normative work.
-    DL positioning in RRC_IDLE is recommended to normative work from R2’s perspective if power saving benefits are confirmed by R1.
-    Skipping paging reception in RRC_INACTIVE is recommended for normative work from R2’s perspective for achieving LPHAP requirements, if feasible and beneficial from RAN1 perspective. 

Observations for LPHAP
Scoping of LPHAP for WI
All RAN working groups (RAN1, RAN2, RAN3 and RAN4) would be impacted for introducing LPHAP. The recommendation for LPHAP can be split into 4 areas:
a) UL-SRS Validity Area
b) Skipping Paging
c) DRX and PRS alignment
d) DL Positioning in RRC_IDLE

[bookmark: _Toc121156317]The scope of LPHAP’s recommendation is very wide and may greatly impact the workload. Prioritization is necessary to stay within the budgeted Tus. 

UL-SRS Validity Area
Considering that there are number of options available for this item, certain down selection should be done. From the experience of Rel-17 UL SRS Inactive mode procedure took lot of discussion and RAN2 spent lot of time discussing the stage2 details. For UL SRS mobility optimizations (i.e UL-SRS configuration to be valid across multiple cells) multiple solutions have been formulated. We should also observe that this feature may not necessarily save UE power (e.g., for preconfigured UL SRS configuration; we notice that UE will have to report to NW if it switched to a different config; UE will have to at least kick off UL reporting using SDT) on the other hand can cause increase in interference if resources are not coordinated across multiple cells. For IIOT any solution which is promoted should be scalable as there can be a large number of small devices which would require positioning and hence the solution should be scalable. 
[bookmark: _Toc121156318]To realize UL-SRS Validity area feature, other mechanism such as: minimize Interference, UL-SRS Resource pool, resource blocking/reservation and coordination across multiple cells would be required which impacts scaling. On the other hand, IIOT requires solution which can be scaled.
[bookmark: _Toc121156319]Preconfigured UL-SRS would require additional processing from UE to report which preconfigured SRS is being used which may consume additional power; even when considered SDT.

[bookmark: _Toc121156334]Enhancements on SRS configuration (SRS positioning validity area for UL/ SRS configuration request/ Pre-configuration of multiple SRS configurations) is not pursued for the WI.

Skipping Paging
This item is to introduce MICO mode support in RRC Inactive state, butthis is very generic discussion which is not positioning focused. Furthermore, MICO means UE is not connected and hence there would be no NGAP association for that UE and the UE cannot be in RRC_INACTIVE simultaneously.
Considering the WI load for positioning would be high, and the fact that this proposal reaches beyond positioning, we think this should not be pursued in positioning session.
Observation: Skipping Paging should not be mixed with MICO
[bookmark: _Toc121156335]Skipping paging (i.e Introducing MICO state for RRC Inactive mode) is not discussed in Positioning WI.

DRX and PRS alignment 
Aligning DRX and PRS would guarantee that UE would have PRS available for positioning measurement even after a deep sleep. This does not require a lot of specification work.
[bookmark: _Toc121156336]DRX and PRS alignment is pursued for WI.
RRC Idle mode positioning
Performing positioning measurement in idle mode save UE power. This does not require a lot of specification work.
[bookmark: _Toc121156337]Idle mode positioning is pursued for WI.

Conclusion for LPHAP
If all the items are considered, effort would be quite large.  Multiple solutions are captured in the conclusions for UL SRS enhancements. RAN2 would have to spend lot of time in down selecting as which part of the solutions to specify. Further skipping Paging discussion is beyond positioning.
Hence the WID for LPHAP should focus on PRS and DRX alignment and to support RSTD measurements in RRC_IDLE mode; i.e as below.

· Specify alignment between DRX and PRS [RAN2].
· [bookmark: _Hlk120562767]Specify RSTD measurements in RRC_IDLE mode and necessary configurations to support DL RRC_IDLE mode positioning [RAN1, RAN4, RAN2]
· 
[bookmark: _Toc121156338]The WID for LPHAP includes
· [bookmark: _Toc121156339]Specify alignment between DRX and PRS [RAN2].
· [bookmark: _Toc121156340][bookmark: _Hlk120562881]Specify RSTD measurements in RRC_IDLE mode and necessary configurations to support DL RRC_IDLE mode positioning [RAN1, RAN4, RAN2]

Positioning support for Redcap UEs  
Recommendations from the study item
The following was captured in TR38.859’s conclusions [1]
	From RAN1’s perspective, for positioning of RedCap UEs, support of PRS frequency hopping and SRS frequency hopping is recommended for normative work. 
· During the normative work, the complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs. 



Observations
During the study item phase companies presented their views and analysis, based on which the following observations can be established.

[bookmark: _Toc121156320]Bandwidth wider than 20MHz is needed to meet the positioning accuracy requirement by RedCap UEs.
[bookmark: _Toc121156321]PRS frequency hopping and SRS frequency hopping are needed to extend the PRS reception bandwidth and SRS transmission bandwidth for UL TDOA, DL-TDoA and multi-RTT methods to meet positioning accuracy requirements.
In Rel.16/17 positioning Rx/Tx hopping for positioning measurement is not defined. Since RedCap UEs are limited by their capability to support 20MHz bandwidth, during the Rel. 18 WI the overall framework for Rx/Tx frequency hopping for positioning measurements shall be concluded. In addition, the core and performance requirements for RedCap UEs also needs to be specified. In this regard, the following are proposed to be considered within the scope of the Rel. 18 WID.  In terms of workload, we see RAN1 as the leading group with support from RAN2 for signaling and RAN4 for requirements. 

During the discussion, both PRS Tx hopping and Rx hopping were proposed. In our view, PRS Rx hopping may be prioritized since it allows coexistence between RedCap and non-RedCap UEs. 
[bookmark: _Toc121156341]Specify positioning procedures and signaling for UL/DL frequency hopping [RAN1, RAN2].
· [bookmark: _Toc121156342]For DL frequency hopping, if prioritization is needed, prioritize DL PRS Rx hopping. 

[bookmark: _Toc121156343]Specify positioning core and performance requirements for RedCap UEs. The requirements shall also include positioning measurement accuracy for Tx or Rx hopping [RAN4].

3GPP LPP already supports Bluetooth positioning as a RAT dependent positioning method. The current version was introduced in Rel 13 based on Bluetooth 4.2. Reduced capability devices can be considered to support Bluetooth Low Energy and the Bluetooth 5.1 [2] AoA/AoD positioning can provide an accuracy that falls within the requirements of 3m [3]. The Bluetooth specification work is already completed and maturely tested by now. Therefore, it should be very limited work to support Bluetooth AoA/AoD positioning as an enhancement to the existing Bluetooth positioning in LPP.
[bookmark: _Toc121156322]Bluetooth 5.1 features AoA/AoD positioning with a capability of meeting the RedCap positioning requirements of 3m.
[bookmark: _Toc121156323]The work load for introducing support for Bluetooth 5.1 AoA/AoD seems very limited given that Bluetooth SIG already has completed the specification work that can leverage the needed enhancements to LPP.

[bookmark: _Toc121156344]Specify LPP Bluetooth enhancements to support Bluetooth 5.1 AoA/AoD [RAN2] 
  
 
 PRS/SRS bandwidth aggregation for intra-band carrier 
Recommendations from the study item
Following are the conclusions from the RAN4 evaluation of bandwidth aggregation for positioning measurments.

RF conclusions 
RF aspects of PRS/SRS bandwidth aggregation for intra-band contiguous carriers is studied by RAN4. Based on the study, PRS/SRS bandwidth aggregation for intra-band contiguous carriers is concluded as feasible for single chain Tx/Rx architectures at both the UE and gNB. The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna.
 
RRM conclusions
PRS/SRS bandwidth aggregation across Positioning Frequency Layers (PFLs) for positioning measurements is concluded as feasible from RRM perspective.
For PRS bandwidth aggregation following are concluded:
· A common numerology is required across all intra-band contiguous PFLs to be aggregated.
· PRS resources to be aggregated from different PFLs can have different bandwidths (i.e., different number of PRS RBs).
· PRS resources to be aggregated from different PFLs are transmitted in the same slot and in the same symbols
· PRS resources to be aggregated from different PFLs are transmitted by the same TRP and associated with a common Antenna Reference Point (ARP).
For SRS bandwidth aggregation following are concluded:
· A common numerology is required across all intra-band contiguous carriers to be aggregated.
· SRS resources to be aggregated from different carriers can have different bandwidths (i.e., different number of SRS RBs).
· SRS resources to be aggregated from different carriers are transmitted in the same slot and in the same symbols.
In addition, RAN4 also concluded on the following general aspects of bandwidth aggregation for positioning measurements:
· FFT/IFFT size is up to UE implementation. PRS/SRS bandwidth aggregation should allow UE implementation flexibility i.e., single FFT/IFFT or multiple FFTs/IFFTs (i.e. FFT/IFFT per carrier) implementations.
· PRS/SRS bandwidth aggregation may be supported in RRC_CONNECTED and RRC_INACTIVE subject to UE capability.

Observations
Based on the observations above bandwidth aggregation for positioning measurement shall be pursued during the WI phase. During the WI, the details of the positioning procedures to allow bandwidth aggregation for positioning measurement shall be concluded.

[bookmark: _Toc121156324]PRS/SRS resource aggregation for positioning measurement is feasible from both RF and RRM perspectives.
[bookmark: _Toc121156325]Depending on the UE capability, PRS/SRS resource aggregation for positioning measurement may be supported in RRC_CONNECTED and RRC_INACTIVE states.

[bookmark: _Toc121156345]Specify details of positioning procedures for bandwidth aggregation for positioning measurements limited to DL-TDoA, UL TDOA and multi-RTT methods [RAN1, RAN2].
[bookmark: _Toc121156346]Define core and performance requirements for positioning measurement based on aggregated bandwidth limited to RSTD and UE Rx-Tx measurements [RAN4]. 

 Conclusion
In the previous sections we made the following observations: 
Observation 1	TR 38.859 recommends the use of both shared and dedicated resource pools for SL PRS resource allocation.
Observation 2	Both shared and dedicated pools are required to provide deployment flexibility and efficient resource utilization to operators.
Observation 3	TR 38.859 does not recommend to specify SL PRS in FR2
Observation 4	Workload to specify RAT dependent integrity is very low. Only work needed is from RAN2 and RAN3 to specify signaling of Integrity related measurements.
Observation 5	RAN1 feedback can be provided via LS exchange, without the need of an explicit integrity agenda in RAN1.
Observation 6	The accuracy levels reported for carrier phase-based positioning are generally not better than what can be achieved with Rel. 17 positioning methods when modest error sources are considered.
Observation 7	There is no clearly identified use case for centimeter-level accuracy for percentiles below 80% of UEs.
Observation 8	The scope of LPHAP’s recommendation is very wide and may greatly impact the workload. Prioritization is necessary to stay within the budgeted Tus.
Observation 9	To realize UL-SRS Validity area feature, other mechanism such as: minimize Interference, UL-SRS Resource pool, resource blocking/reservation and coordination across multiple cells would be required which impacts scaling. On the other hand, IIOT requires solution which can be scaled.
Observation 10	Preconfigured UL-SRS would require additional processing from UE to report which preconfigured SRS is being used which may consume additional power; even when considered SDT.
Observation 11	Bandwidth wider than 20MHz is needed to meet the positioning accuracy requirement by RedCap UEs.
Observation 12	PRS frequency hopping and SRS frequency hopping are needed to extend the PRS reception bandwidth and SRS transmission bandwidth for UL TDOA, DL-TDoA and multi-RTT methods to meet positioning accuracy requirements.
Observation 13	Bluetooth 5.1 features AoA/AoD positioning with a capability of meeting the RedCap positioning requirements of 3m.
Observation 14	The work load for introducing support for Bluetooth 5.1 AoA/AoD seems very limited given that Bluetooth SIG already has completed the specification work that can leverage the needed enhancements to LPP.
Observation 15	PRS/SRS resource aggregation for positioning measurement is feasible from both RF and RRM perspectives.
Observation 16	Depending on the UE capability, PRS/SRS resource aggregation for positioning measurement may be supported in RRC_CONNECTED and RRC_INACTIVE states.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	Include dedicated and shared resource pools for SL PRS in the WI scope for rel18 positioning.
Proposal 2	SL Positioning should be supported for both PC5 and hybrid PC5+Uu measurements and reports, in all coverage scenarios.
Proposal 3	Do not include specific support for FR2 for SL PRS in Rel-18.
Proposal 4	Do not include specific support for FR2-2 for SL PRS in Rel-18.
Proposal 5	For positioning methods supported by sidelink positioning, prioritize RTT and AoA solutions. SL-TDOA can be down-prioritized if necessary to maintain a manageable scope.
Proposal 6	RAT dependent integrity is pursued for WI. The WID formulation as below is agreed.
-	Specify the signaling to support RAT Dependent Integrity [RAN2, RAN3]
Proposal 7	Carrier phase measurements for positioning shall not be included in the WID.
Proposal 8	Enhancements on SRS configuration (SRS positioning validity area for UL/ SRS configuration request/ Pre-configuration of multiple SRS configurations) is not pursued for the WI.
Proposal 9	Skipping paging (i.e Introducing MICO state for RRC Inactive mode) is not discussed in Positioning WI.
Proposal 10	DRX and PRS alignment is pursued for WI.
Proposal 11	Idle mode positioning is pursued for WI.
Proposal 12	The WID for LPHAP includes
-	Specify alignment between DRX and PRS [RAN2].
-	Specify RSTD measurements in RRC_IDLE mode and necessary configurations to support DL RRC_IDLE mode positioning [RAN1, RAN4, RAN2]
Proposal 13	Specify positioning procedures and signaling for UL/DL frequency hopping [RAN1, RAN2].
o	For DL frequency hopping, if prioritization is needed, prioritize DL PRS Rx hopping.
Proposal 14	Specify positioning core and performance requirements for RedCap UEs. The requirements shall also include positioning measurement accuracy for Tx or Rx hopping [RAN4].
Proposal 15	Specify LPP Bluetooth enhancements to support Bluetooth 5.1 AoA/AoD [RAN2]
Proposal 16	Specify details of positioning procedures for bandwidth aggregation for positioning measurements limited to DL-TDoA, UL TDOA and multi-RTT methods [RAN1, RAN2].
Proposal 17	Define core and performance requirements for positioning measurement based on aggregated bandwidth limited to RSTD and UE Rx-Tx measurements [RAN4].
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