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1. Introduction
Following are the objectives for WI on Expanded and Improved NR Positioning [1].

	The objective of this work item is to specify solutions to introduce sidelink ranging/positioning, to introduce integrity for RAT-dependent positioning methods, to enable LPHAP use-case 6 defined in TS 22.104, to improve positioning accuracy, and to introduce support of positioning for RedCap UEs.  

The specific objectives of this work item are:

· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:

· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].

· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.

· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 

· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].

· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: 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.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 

· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].

· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 

· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).

· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 

· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].
· Specify the error modelling parameters, signalling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods [RAN2, RAN3].
· 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].

· 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].
· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)

· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].

· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.

· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].
· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].

· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].

· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).

· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].

· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].

· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.

· Specify measurements that are limited to a single carrier/PFL. 

· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].
· Define extensions of signalling, protocol, and procedure for NR positioning enhancement, as needed for the above objectives [RAN3].


In this contribution, we present our views on the UE feature list based on the current progress of Rel-18 positioning.
2. Discussion on NR positioning enhancements UE features 
2.1. UE features for sidelink positioning
2.1.1 UE features for SL positioning reference signal
Firstly, SL-PRS transmission and reception are introduced in SL positioning, which is a new signal compared to Rel-16/Rel-17 NR sidelink. Therefore, a UE capability of supporting transmission SL-PRS should be defined. In addition, similar to NR sidelink, a UE may not have the capability of reception SL-PRS, which is beneficial for the cost of UE. So, a UE feature of supporting reception of SL-PRS can be introduced.

For the feature related to SL positioning reference signal, the comb-based and TDMed-based multiplexing in a slot are introduced for SL-PRS in the dedicated resource pool, and TDMed based multiplexing is not supported for SL-PRS for SL-PRS in the shared resource pool. 
	Agreement 

TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.

· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.

· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any

· FFS: which resource allocation schemes are applicable

· FFS: whether or not this is a separate UE capability

Agreement 

· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.

· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.

· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 

· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.

· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs

Agreement

TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.


Correspondingly, the UE feature indicating the support of TDMed multiplexing and/or comb-based multiplexing of SL-PRS from different UEs in a slot should be introduced. Whether that should be mandatory or optional configured can be FFS. 
· For SL positioning reference signal, support the following UE features
· Whether to support the transmission of SL-PRS

· Whether to support the reception of SL-PRS

· Whether to support TDMed multiplexing of SL-PRS from different UEs in a slot. 
· Whether to support comb-based multiplexing of SL-PRS from different UEs in a slot. 

· Other detailed UE features can wait for the progress in AI 9.5.1
Besides, the open loop power control based for SL-PRS has been supported for SL-PRS, and in NR sidelink, it should indicate whether the UE supports the use of P0 parameters (i.e. dl-P0-PSSCH-PSCCH-r17, sl-P0-PSSCH-PSCCH-r17, dl-P0-PSBCH-r17, dl-P0-PSFCH-r17) for sidelink open loop power control. These power control parameters are based on PSSCH and/or PSCCH. In SL positioning, the power control may be based on the measurement of SL-PRS. Therefore, the UE feature indicating whether the UE supports power control based on SL PRS, e.g., the use of power control parameters for SL-PRS may need to be introduced.
· The UE feature indicating whether the UE supports power control based on SL PRS (e.g., the use of power control parameter(s) for SL-PRS) should be introduced. 
2.1.2 UE features for Measurement and reporting for sidelink positioning
For SL measurement, the basic UE features of SL PRS processing capability should be introduced referring to FG 13-1, the common SL PRS Processing Capability is provided as follows. In addition, considering the support of shared and dedicated resource pool, separate SL PRS processing capabilities for a shared and dedicated resource pool will be introduced.

	Common SL PRS Processing Capability
	1. Maximum SL PRS bandwidth in MHz, which is supported and reported by UE.

a)
FR1 bands: {5, 10, 20, 40}

b)
FR2 bands: {50, 100}
2. SL PRS buffering capability: Type 1 or Type 2
a) Type 1 – sub-slot/symbol level buffering

b) Type 2 – slot level buffering

3. Duration of SL PRS symbols N in units of ms a UE can process every T ms assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE.

a) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms

b) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

4. Max number of SL PRS resources that UE can recept and process in a slot under it

a. FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz

b. FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz


	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.


	Optional with capability signaling


In addition, the support of measurement type (e.g. Rx-Tx, RSTD, RSRP etc), and the support of simultaneous processing for different measurement types needs to be introduced as part of UE features. We provide two examples as following.
	SL-PRS based Rx-Tx measurement
	1. The support type of SL-PRS based Rx-Tx measurement (e.g.,single sided, double sided)

2. Max number of SL-PRS based Rx–Tx time difference measurements corresponding to a single UE 
	
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	the support of simultaneous processing
	1. Support of simultaneous processing for SL-PRS based Rx-Tx measurement and SL-PRS based  AoA measurements 

2. …. 
	
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling


Therefore, we propose

· Regarding UE feature group of SL Positioning measurement and reporting, support the following:

· SL PRS Processing Capability and FG 13-1 can be as starting point

· The support of measurement type (e.g. Rx-Tx, RSTD, RSRP etc.)

· The support of simultaneous processing for different measurement types (e.g., timing&AoA&RSRP)
· Other detailed UE features can wait for the progress in AI 9.5.1

2.1.3 UE features for SL-PRS resource allocation 

Firstly, the resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS should be supported as part of UE features.
Then, it has been agreed that support scheme 1 based and scheme 2 based resource allocation for SL-PRS. For scheme 2 based resource allocation, sensing based and random selection resource allocation have been supported. Therefore, the UE capability of indicating whether transmitting scheme 1 and scheme 2 are supported should be introduced. And for scheme 2 resource allocation, the UE capability of supporting random resource selection for SL-PRS should be further introduced.
Considering the inter-UE coordination and congestion control procedure have not been fulfilled, it can be further determined to wait for the process of detailed design.
· Regarding the resource allocation for SL-PRS, support the following UE features
· Resource allocation for shared resource pool and/or dedicated resource pool
· Scheme 1 based resource allocation scheduled by Uu.

· Scheme 2 based resource allocation.

· Scheme 2 based resource allocation with random resource selection.

· UE capabilities for inter-UE coordination and congestion control can be further introduced wait for the process of detailed design. 

· Other detailed UE features can wait for the progress in AI 9.5.1
2.2. UE features for carrier phase positioning

For carrier phase positioning, the basis UE feature is the support of carrier phase measurement and report. The example UE feature is provided as follows.
	Carrier phase measurement and report together with TDOA positioning
	1. NR DL reference carrier phase difference per pair of TRPs. Values = {1, 2, 3, 4}

2. Support of carrier phase difference reporting for first path 

3. Support of additional path carrier phase difference reporting for K additional path. K={2, 4, 6 , 8}


	13-3 and 13-6
	No
	N/A
	
	
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.


	Optional with capability signaling

	Carrier phase measurement and report together with Multi-RTT positioning
	1. DL reference carrier phase (DL RSCP) per TRP. Value={1, 2, 3, 4}

2. Support of carrier phase reporting for first path 

3. Support of additional path carrier phase reporting for K additional path. K={2, 4, 6 , 8}


	13-4 and 13-11
	No
	N/A
	
	Per CC
	No
	Yes
	N/A
	Need for location server to know if the feature is supported.


	Optional with capability signaling


Therefore, we propose

· Regarding UE feature group of carrier phase positioning together with TDOA positioning, support the following:

· The number of carrier phase difference measurements per pair of TRPs

· The support of carrier phase difference reporting for first path

· The Support of additional path carrier phase difference reporting for K additional path

· Regarding UE feature group of carrier phase positioning together with Multi-RTT positioning, support the following:

· The number of carrier phase per TRP

· The support of carrier phase reporting for first path

· The support of additional path carrier phase reporting for K additional path
In addition, considering the following agreement, the support of the measurement within indicated time window needs to be introduced to enable simultaneous measurements on the same DL PRS by a target UE and a PRU.
	Agreement
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:

· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on [indicated] DL PRS resources occurring within indicated time window(s).

· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.


Therefore, we propose

· Regarding UE feature group of carrier phase positioning, support the following:

· Support of performing PRS measurement within MG within indicated time window

2.3. UE features for LPHAP

Firstly, according to the WID, it can be seen that ‘specify DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state’. Therefore, from RAN1 perspective, the capability of DL PRS measurements for a UE in RRC_IDLE should be supported, and all the UE features and corresponding components of RRC_INACTIVE can be reused.
In addition, for another objective of ‘SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration’, the following agreement was made in RAN1#112bis-e.
	Working assumption
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, support the following options:

· Option 1: Pathloss RS is absent in the configuration. 

· Option 2: Pathloss RS is provided in the configuration.

Working assumption
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support that spatial relation information can be absent or present in the configuration.
Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state:
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;
· When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.

· FFS: spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met.
Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is absent in the configuration, the UE determines the pathloss RS using a RS resource obtained from the SS/PBCH block of the camping cell that the UE uses to obtain MIB as the pathloss RS.

Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support one or multiple of the following alternatives on how to configure pathloss RS (down-selection to be made in RAN1#113 meeting):

· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;

· Reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17, i.e. when the pathloss RS cannot be accurately measured. When the validity criteria of OPLC fail, pathloss is calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.

· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;

· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.

· Alt. 2-5: Reuse the configuration of pathloss RS in Rel-17. The UE only transmits SRS resources in a SRS resource set associated with pathloss RS that can be accurately measured.

· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.

· Alt. 2-6: Reuse the configuration of pathloss RS in Rel-17;

· A cell-agnostic DL RS can be the pathloss RS in the validity area and the cell-agnostic DL RS itself.

· Note: UE power consumption should be considered


Based on above agreements, we have not found a direct conclusion about UE capability, and further RAN1 and RAN2 progress is required.
· For LPHAP, support the UE feature of DL PRS measurements for a UE in RRC_IDLE
· All the FGs and corresponding components of RRC_INACTIVE can be reused
· Regarding other UE features, wait for further RAN1 and RAN2 progress.
2.4. UE features for Bandwidth aggregation
2.4.1 UE feature group for DL PRS bandwidth aggregation

For DL PRS bandwidth aggregation, the basis UE feature (i.e., PRS processing capability) in RRC connected and inactivated state should be introduced. And we provide the example as follows
	Common DL PRS Processing Capability for DL bandwidth aggregation in RRC connected and inactivated state
	1. The maximum number of supported aggregated PFLs(value:2,3) in a  set of contiguous PFLs
2. Maximum aggregated DL PRS bandwidth in MHz, which is supported and reported by UE.

a)
FR1 bands: {5, 10, 20, 40, 50, 80, 100, 160, 200M}

b)
FR2 bands: {50, 100, 200, 400, 600, 800}

3. DL PRS buffering capability: Type 1 or Type 2

a) Type 1 – sub-slot/symbol level buffering

b) Type 2 – slot level buffering

4. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum aggregated DL PRS bandwidth in MHz, which is supported and reported by UE.

a) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms

b) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

5. Max number of aggregated DL PRS resources that UE can process in a slot under it

a. FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz

b. FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: The above parameters are reported assuming a configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30%.


	13-1
	No
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported.

Notes for component 3:

a.UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz supported by UE

b.UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value

c.UE DL PRS processing capability is defined for a single positioning frequency layer. UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time)

d.UE DL PRS processing capability is agnostic to DL PRS comb factor configuration

e.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Note: if the UE does not indicate this capability for a band or band combination, the UE does not support this positioning method in this band or band combination.
	Optional with capability signaling


Therefore, we propose

· Regarding UE feature group of DL PRS bandwidth aggregation, support the following:

· DL PRS Processing Capability for DL PRS bandwidth aggregation and FG 13-1 can be as a starting point

· The applicable state: RRC connected and/or inactive state

· The support of maximum number of supported aggregated PFLs

· The support of the larger than 100M for FR1 or 400M for FR2 

2.4.2 UE feature group for UL SRS bandwidth aggregation
For UL SRS bandwidth aggregation, the basis feature is the support of simultaneous positioning SRS for UL bandwidth aggregation within a band across multiple carries.

	simultaneous positioning SRS for UL bandwidth aggregation within a band across multiple carries.
	1. The maximum number of supported aggregated carriers(value:2,3) in a  set of contiguous carriers

2. Maximum aggregated UL SRS bandwidth in MHz, which is supported and reported by UE.

a)
FR1 bands: { 80, 100, 160, 200M}

b)
FR2 bands: {50, 100, 200, 400, 600, 800}

3. The support of periodic/semi-persistent/aperiodic UL SRS for UL bandwidth aggregation
Note: The support of simultaneous positioning SRS for UL bandwidth aggregation means the condition can be supported (e.g., the same PAPR across carriers., phase continuity across carriers
	13-8
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling


· Regarding UE feature group of UL SRS bandwidth aggregation, support the following:

· simultaneous positioning SRS for UL bandwidth aggregation within a band across multiple carries
· The applicable state: RRC connected and/or inactive state

· The support of maximum number of supported aggregated carriers
· The support of the larger than 100M for FR1 or 400M for FR2 

· The support of SRS type for UL bandwidth aggregation
2.5. UE features for RedCap positioning
2.5.1 Switching time for frequency hopping
Based on RAN4 LS [2], for RedCap positioning frequency hopping, the switching time between hops can be the following. 

	· For RedCap UE UL SRS Tx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point

· SRS Tx frequency hopping range can be up to 100MHz.

· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed.

· For UL SRS Tx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point

· SRS Tx frequency hopping range can be up to 400MHz

· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed

· For RedCap UE DL PRS Rx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point

· PRS Rx frequency hopping range can be up to 100MHz

· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed
· For DL PRS Rx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point

· PRS Rx frequency hopping range can be up to 400MHz

· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed


Switching time can be UE capability for DL Rx and UL Tx frequency hopping. However, from UE perspective, current values of switching time may be too challenging. For example, in FR1, with the SCS of 30kHz, the UE needs to complete the switching within 4 symbols at most; while with the SCS of 15kHz, the UE has to complete the switching within 2 symbols. Considering low power and low complexity features of RedCap UEs, large switching time should be introduced up to UE capability, such as 210us, 500us for FR1, 210us for FR2.
· For RedCap positioning, support the switching time between hops as a UE capability

· The following values of the switching time should be additionally supported.

· 210us, 500us for FR1

· 210 us for FR2
2.5.2 DL PRS Rx frequency hopping
Regarding DL PRS Rx frequency hopping reporting, the following agreement was made in RAN1#112 and RAN1#112bis-e.
	Agreement(RAN1#112)
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap

· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG

· FFS: the use of a single or multiple instances of a MGs

· FFS: the use of PPW
Agreement(RAN1#112)
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource

· FFS: whether there is specification update needed for RAN1

· FFS: remaining details 
Agreement(RAN1#112bis)
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:

· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning

· One [or more] measurements where each measurement is associated with one received hop

· FFS: indication of how many received hops / which received hops where used in the measurement report.

· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


Correspondingly, for DL PRS Rx hopping reporting, the following UE capabilities should be introduced.

· Rx frequency hopping using a measurement gap
· Rx frequency hopping within a DL PRS resource

· Single measurement based on receiving multiple hops
· One [or more] measurements with each based on one received hop
For other capabilities for DL PRS Rx hopping, it may be necessary to wait further for corresponding progress. For example, for MG-based Rx hopping operations, the details of PRS Rx hopping is dependent on RAN4 requirement, and it is still not clear which capabilities are needed, and how these capabilities work. In our view, the UE capability of detailed Rx hopping can also be determined by RAN4 together with other Rx hopping details.
· For PRS Rx frequency positioning, support following UE features 
· Rx frequency hopping using a measurement gap
· Rx frequency hopping within a DL PRS resource
· Single measurement based on receiving multiple hops
· One [or more] measurements with each based on one received hop
· The UE features of other detailed Rx hopping can be determined by RAN4 together with other Rx hopping details.
2.5.3 SRS for positioning frequency hopping
Regarding SRS for positioning hopping, the following agreement was made in RAN1#112 and RAN1#112bis-e.
	Agreement (RAN1#112)
For RedCap UEs, support SRS for positioning frequency hopping by 

· Using a configuration separate from the existing BWP configuration

· FFS: hopping is configured within a SRS resource or across SRS resources
Agreement (RAN1#112bis)
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.

Agreement (RAN1#112bis)
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 

· FFS: whether the overlapping hops may or may not be adjacent in the time domain

· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.
Agreement (RAN1#112bis)
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:

· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.

· FFS details of an UL time window

· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning

· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 

· FFS: details on the collision rules


Correspondingly, for SRS for positioning hopping, the following UE capabilities should be introduced.

· Separate configuration from existing BWP configuration
· Configuration within one SRS for positioning resource

· Overlapping bandwidth
· For SRS for positioning frequency positioning, support following UE features. 

· Separate configuration from existing BWP configuration
· Configuration within one SRS for positioning resource
· Overlapping bandwidth
· The other UE features can further wait for the progress of detailed frequency hopping design.
· Proposal Summary
In this contribution, we provide our views for Rel-18 positioning UE features. Following are the proposals:

· For SL positioning reference signal, support the following UE features

· Whether to support the transmission of SL-PRS

· Whether to support the reception of SL-PRS

· Whether to support TDMed multiplexing of SL-PRS from different UEs in a slot. 

· Whether to support comb-based multiplexing of SL-PRS from different UEs in a slot. 

· Other detailed UE features can wait for the progress in AI 9.5.1
· The UE feature indicating whether the UE supports power control based on SL PRS (e.g., the use of power control parameter(s) for SL-PRS) should be introduced. 
· Regarding UE feature group of SL Positioning measurement and reporting, support the following:

· SL PRS Processing Capability and FG 13-1 can be as starting point

· The support of measurement type (e.g. Rx-Tx, RSTD, RSRP etc.)

· The support of simultaneous processing for different measurement types (e.g., timing&AoA&RSRP)

· Other detailed UE features can wait for the progress in AI 9.5.1
· Regarding the resource allocation for SL-PRS, support the following UE features

· Resource allocation for shared resource pool and/or dedicated resource pool

· Scheme 1 based resource allocation scheduled by Uu.

· Scheme 2 based resource allocation.

· Scheme 2 based resource allocation with random resource selection.

· UE capabilities for inter-UE coordination and congestion control can be further introduced wait for the process of detailed design. 

· Other detailed UE features can wait for the progress in AI 9.5.1
· Regarding UE feature group of carrier phase positioning together with TDOA positioning, support the following:

· The number of carrier phase difference measurements per pair of TRPs

· The support of carrier phase difference reporting for first path

· The Support of additional path carrier phase difference reporting for K additional path

· Regarding UE feature group of carrier phase positioning together with Multi-RTT positioning, support the following:

· The number of carrier phase per TRP

· The support of carrier phase reporting for first path

· The support of additional path carrier phase reporting for K additional path
· For LPHAP, support the UE feature of DL PRS measurements for a UE in RRC_IDLE
· All the FGs and corresponding components of RRC_INACTIVE can be reused
· Regarding other UE features, wait for further RAN1 and RAN2 progress.
· Regarding UE feature group of DL PRS bandwidth aggregation, support the following:

· DL PRS Processing Capability for DL PRS bandwidth aggregation and FG 13-1 can be as a starting point

· The applicable state: RRC connected and/or inactive state

· The support of maximum number of supported aggregated PFLs

· The support of the larger than 100M for FR1 or 400M for FR2 

· Regarding UE feature group of UL SRS bandwidth aggregation, support the following:

· simultaneous positioning SRS for UL bandwidth aggregation within a band across multiple carries

· The applicable state: RRC connected and/or inactive state

· The support of maximum number of supported aggregated carriers

· The support of the larger than 100M for FR1 or 400M for FR2 

· The support of SRS type for UL bandwidth aggregation
· For RedCap positioning, support the switching time between hops as a UE capability

· The following values of the switching time should be additionally supported.

· 210us, 500us for FR1

· 210 us for FR2
· For PRS Rx frequency positioning, support following UE features 

· Rx frequency hopping using a measurement gap
· Rx frequency hopping within a DL PRS resource
· Single measurement based on receiving multiple hops
· One [or more] measurements with each based on one received hop

· The UE features of other detailed Rx hopping can be determined by RAN4 together with other Rx hopping details.
· For SRS for positioning frequency positioning, support following UE features 

· Separate configuration from existing BWP configuration
· Configuration within one SRS for positioning resource
· Overlapping bandwidth
· The other UE features can further wait for the progress of detailed frequency hopping design.
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