
3GPP TSG RAN #98-e		RP-223020
Electronic Meeting, December 12-16, 2022

Source:	OPPO
Title:	Discussion on the scope of expanded and improved NR positioning
Agenda Item:	9.2.6
Document for:	Discussion
[bookmark: Source][bookmark: DocumentFor]
1. Introduction
The study item of expanded and improved NR positioning [1] has been completed in the last WG meetings, recommendations for normative work were made by the RAN1/RAN2, and it is supposed to be converted into a WI in this RAN plenary. In this paper we provide our views on the scope of normative works of expanded and improved NR positioning according to the explicit recommendations given by RAN1/RAN2.
2. Discussion
2.1 SL positioning
During the SI phase, potential solutions for SL positioning were studied in RAN1, and positioning architecture and signaling procedures were studied in RAN2. Recommendations for normative work from both working groups are captured in TR 38.859[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.


In the SI phase RAN1 also identified the performance requirements for the use cases of SL positioning and evaluated the bandwidth needed to meet the requirements.  From RAN1’s perspective, it is recommended that SL PRS bandwidths of up to 100 MHz are supported by the specifications in FR1 bands [2]. However, the available spectrum on licensed/ITS band for SL is very limited. To better support the use cases of SL positioning, as elaborated in our companion contribution [3], it is necessary to support unlicensed spectrum for SL positioning in future release. If there are sufficient interests, a study objective can be included in the R18 WI to expedite the progress of SL positioning over unlicensed spectrum. 
Furthermore, as the maximum bandwidth defined by RAN4 on the licensed band for SL operation is also 40MHz [4], it seems necessary for RAN4 to define up to 100MHz bandwidth on the licensed band and/or ITS band for SL operation in Rel-18 NR positioning WI.
SL positioning over LTE PC5 interface was discussed in RAN2. In our view, that is an enhancement to LTE system and thus normative work of Rel-18 NR positioning should not include that.
In general, we propose the following objectives for the normative work of SL positioning in Rel-18:
· Specify SL PRS, SL channel(s), slot structure, and physical layer procedures for support of SL positioning, applicable to SL-TDOA, SL-RTT and SL-AoA positioning methods [RAN1];
· Specify resource allocation scheme for SL PRS and associated channel(s), including network centric resource allocation (Scheme 1) and UE autonomous resource allocation (Scheme 2) [RAN1, RAN2];
· Specify resource pool for SL PRS transmission, including both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication [RAN1, RAN2];
· Define measurements and reports based on SL PRS applicable to SL positioning [RAN1, RAN2]; 
· Define procedures/signaling for supporting SL positioning in in-coverage, partial coverage and out-of-coverage scenarios, including the possibility of unicast and broadcast [RAN2];
· Define protocols between UE and UE, and between UE and LMF[RAN2]; 
· Define up to 100MHz bandwidth on the licensed band and/or ITS band for SL operation [RAN4];
· [Study SL positioning over unlicensed spectrum] [RAN1].
Proposal 1: Including the objectives for SL positioning above in the WID of expanded and improved NR positioning.
2.2 Low power high accuracy positioning (LPHAP)
In the study phase of low power and high accuracy positioning, it is observed that legacy mechanism of power saving for positioning cannot reach the battery limit. The following agreements to satisfy the requirements of 6 to 12 months battery life have been achieved in RAN1. 
	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.

Agreement
· For the conclusion section of the TR: 
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the enhancements on SRS for positioning in order to avoid frequent RRC connection for SRS (re)configuration is recommended for normative work. 
· For the potential specification impact section of the TR:
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, the details of solutions for enhancements on SRS for positioning to avoid frequent RRC connection for SRS (re)configuration can be further discussed during normative work, which may include but are not limited to one or combinations of the following:
· SRS for positioning configurations in multiple cells. 
· 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.
· SRS for positioning activation/request procedure(s)

Agreement
For the conclusion section of the TR:
· Enhancements on simplified DL PRS configuration with 1-symbol PRS can be studied further and if needed, specified during normative phase. 


In our view, one of the key enhancements could be the positioning SRS (re)configuration within a validity area for UEs in RRC_INACTIVE. Since such positioning SRS is configured beforehand, the interference of SRS for positioning may not be neglectable when the SRS (re)configuration is not carefully planned. In addition, different TRP may require different UL TA for SRS transmission due to different DL timing references. Without UL timing alignment, the UL reception gap could be larger than 1 CP, therefore undesirable interference might be observed by TRPs. Moreover, since UE may roam among multiple cells, the spatial relation for FR2 and UL power control parameter sets for both frequency ranges should be updated according to which cell the UE selects to access to. Otherwise, SRS for positioning could be transmitted by UE in a misaligned manner. 

From our assessment, above issues should be addressed in the upcoming working item phase. Hence, we propose the following objectives for LPHAP in WI phase. 
· Specify the activation/request/update procedure of positioning SRS (re)configuration for a validate region when UEs are in RRC_INACTIVE state (RAN1, RAN2).
· Specify the mechanisms on spatial relation and UL power control parameter sets updating or indication
Proposal 2: Including the above objectives for NR LPHAP in the WID of expanded and improved NR positioning.
2.3 Positioning for RedCap UE
The evaluation during the study phase of positioning for RedCap UE showed that existing positioning procedures and measurements cannot satisfy the positioning accuracy requirement for with RedCap UEs (up to 20MHz). The frequency hopping of DL PRS and UL SRS to provide extended bandwidth 100MHz were investigated and evaluated. RAN1 concluded to further study and specify that in WI phase. Agreements on this aspect are captured as below. 
	Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS

Agreement
Study the potential enhancement of the UL SRS for positioning to enable Tx frequency hopping, including but not limited to partial overlapping between hops, hopping bandwidth, time gap between frequency hopping.

Agreement
Study the potential enhancement of the DL PRS to enable Tx or Rx frequency hopping, including but not limited to impact on processing capability, hopping bandwidth in the positioning frequency layer, time gap between frequency hopping, measurement period, partial overlapping between hops.



From our understanding, the following objective should be considered in WI phase. We would like to make sure that for RedCap UEs, the bandwidth of each frequency hopping of positioning RS should be limited up to 20MHz, which is the inherent constraint of RedCap UEs.
· Specify the frequency hopping of DL PRS and UL SRS for RedCap UE with up to 100MHz
· Note: each frequency hopping should not occupy more than 20MHz 
Proposal 3: Including the above objectives for NR positioning for RedCap UEs in the WID of expanded and improved NR positioning.

3. Conclusion
In this contribution we give our views on the scope of expanded and improved NR positioning, we have following proposals:
Proposal 1: Including the objectives for SL positioning above in the WID of expanded and improved NR positioning.
Proposal 2: Including the above objectives for NR LPHAP in the WID of expanded and improved NR positioning.
Proposal 3: Including the above objectives for NR positioning for RedCap UEs in the WID of expanded and improved NR positioning.
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