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1. Introduction
A new WID on positioning was approved in RAN#98-e [1] and it has the following objectives related to RedCap positioning, carrier phase positioning and bandwidth aggregation, with R1 as the leading group for discussion:

	· 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].



We discuss each topic and present the enhancements needed in RAN2.
2. Discussion
2.1	RedCap positioning
RAN1 made considerable progress on frequency hopping for DL PRS and UL SRS. We present RAN1 agreements in the following sections and discuss the RAN2 impact.

2.1.1	Potential enhancements in RAN2 to support frequency hopping
RAN1 made the following agreements in RAN1-112 meeting [3]:

	DL-PRS Rx frequency hopping agreements:

Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.

Agreement
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
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
SRS Tx frequency hopping agreements:

Agreement
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




RAN1 made the following agreements in RAN1-112bis-e meeting [4]:

	Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.

Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.

Agreement
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
Agreement
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
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




[bookmark: _GoBack]For DL PRS Rx hopping, RAN1 is still evaluating if there is specification impact. For SRS Tx frequency hopping, RAN1 agreed that SRS is configured within one SRS for positioning resource. This impacts at least TS 38.331 RRC Spec as SRS resource configuration for positioning needs to be implemented. However, RAN1 needs to provide more information on the parameters (e.g., frequency offset, time offset and number of hops)

Considering RAN1 still needs to finalize the details on DL PRS and UL SRS frequency hopping, we suggest that RAN2 wait for the progress in RAN1.

Proposal 1: RAN2 wait for RAN1 progress on PRS and SRS frequency hopping before specifying the enhancements in RAN2.

2.1.2	Awareness of RedCap UE capability at the LMF
During the SI phase, RAN2 made the following agreements in RAN2-119bis-e [2]:

	· Information on RedCap UE capability from the UE to the LMF (e.g., restricted bandwidth capability) can be discussed in WI phase.
· RAN2 wait for RAN1 conclusion on the signalling design for assistance data for frequency hopping.



In the current specification, the capabilities in an LPP context refer to supporting of different positioning methods defined for LPP, different aspects of a particular positioning method (e.g. different types of assistance data for A-GNSS) and common features not specific to only positioning method (e.g. ability to handle multiple LPP transactions). Even though LMF is the controlling entity for the positioning procedures, it’s not clear why it should know the RedCap UE capability either to recommend PRS/SRS configuration or to determine the positioning method. The gNB knows the RedCap UE type and it can determine SRS configuration. For PRS configuration, RAN1 agreed to use only Rx frequency hopping (i.e., wideband PRS transmission). Hence, there is no need for LMF to know the RedCap UE capability for the PRS configuration.
 
Proposal 2: For either SRS or PRS configuration, LMF does not need to know the RedCap UE capability. 
2.2	Carrier Phase Positioning
RAN1 made the following agreements in RAN1-112 meeting [3]:
	Agreement
NR DL reference signal carrier phase (RSCP) (of i-th path) is defined as the phase of the channel response at the i-th path delay derived from the resource elements (REs) that carry the DL PRS signals configured for the measurement. A RSCP is associated with a specific RF frequency.
· FFS: the reference point of the RSCP
· FFS: whether/how the measurement timing is defined
· Note: the i-th path is used for the sake of definition, whether only the first path or additional paths will be supported is subject to further discussion
· Note: Whether to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase measurement for NR CPP

Agreement
For NR DL reference signal carrier phase difference (RSCPD) measurement for NR CPP, the RSCPD is defined as the difference of RSCPs measured from the DL PRS signals from target TRP and reference TRP.
· FFS: whether/how to define per path RSCPD
· Note: Whether/how to capture the above definition into TS 38.215 depends on whether RAN1 decides to introduce DL carrier phase difference measurement for NR CPP




RAN1 made the following agreements in RAN1-112bis-e meeting [4]:
	Agreement
Introduce DL reference carrier phase (DL RSCP) and NR DL reference carrier phase difference (DL RSCPD) as DL carrier phase measurements.
· Note: It is up to RAN4 to decide whether and how to define the requirements for DL RSCP and/or DL RSCPD. No LS needed to RAN4 for this note.
· DL RSCP can be reported together with UE Rx – Tx time difference measurement
· DL RSCPD can be reported together with RSTD measurement
· FFS: details on how to eliminate unknown initial Rx phase with RSCP/RSCPD reporting can be further discussed
· Note: Whether to support standalone DL RSCP and/or DL RSCPD reporting, or DL RSCP/DL RSCPD reporting with other new types of measurements (if agreed), can be further discussed.



According to RAN1 agreements, DL RSCP and DL RSCPD are introduced for DL carrier phase positioning. The RSCP can be reported with UE Rx-Tx time difference measurement and RSCPD can be reported with RSTD measurements. LPP should be enhanced to support the reporting of the new carrier measurements. Since RAN1 are still discussing the details, it is proposed to wait for more RAN1 progress.

[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Proposal 3: Enhance LPP to support the reporting of DL RSCP and DL RSCPD for DL CPP. Wait for RAN1 to discuss the details. 

2.3	Bandwidth Aggregation
2.3.1 Aggregation of PRS resources
[bookmark: OLE_LINK316][bookmark: OLE_LINK317]RAN1 made considerable progress in RAN1#112bis-e [4]. However, there are still some pending issues for the PRS bandwidth aggregation, as shown below:

	Agreement
For PRS bandwidth aggregation across PFLs, select one of the following options in RAN1#113
· Option 2: Per TRP basis and per PRS resource set basis.
· For each TRP, support new signaling to indicate which PRS resource sets across PFLs are linked.
· It is assumed that the PRS resources across the linked PRS resource sets are linked if the conditions are satisfied. For the non-linked PRS resource sets, no aggregation is assumed even if the conditions are satisfied.
· Option 3: Per TRP basis and per PRS resource basis. 
· For each TRP, support new signaling to indicate which PRS resource(s) across PFLs are linked.
· For the non-linked PRS resources, no aggregation is assumed even if the conditions are satisfied.



For downlink positioning, all configuration information is transmitted by the LMF to the UE through LPP signaling. The following figure shows the structure of the PRS configuration information：

[image: ]
    Figure 2.3.1 The structure of PRS configuration from LMF to UE

As shown in Figure 2.3.1, PRS resources are configured based on the hierarchical relationship among PFL (Positioning Frequency Layer), TRPs, Resource sets, and Resources. And, the maximum number of Positioning frequency layers can be configured is 4.

The remaining issue is how to link the PRS from different PFLs. For Option 3, per resource basis linkage introduces additional signaling overhead and complexity while the benefit from the flexibility compared to Option 2 is not clear. For Option 2, per resource set basis linkage makes the configuration simpler with signaling overhead reduction and lower implementation complexity. Therefore, we support Option 2. And a simple way is directly adding the indicator in the PRS configuration information. For example, the configuration information can be enhanced to indicate the PRS resource set-3 belonging to the PFL-2 is associated with the PRS resource set-1 belonging to the PFL-1 in the Figure 2.3.1. After receiving the configuration, the UE would know that the PRS resource set-3 and PRS resource set-1 can be aggregated.

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Proposal 4: For PRS bandwidth aggregation across PFLs, support per TRP basis and per PRS resource set basis linkage. Wait for RAN1 progress to specify the new signaling. 

2.3.2 Aggregation of SRS resources
RAN1 made considerable progress in RAN1#112bis-e [4]. However, there are still some pending issues for the SRS bandwidth aggregation, as shown below: 

	Agreement
For SRS bandwidth aggregation across two or three carriers, select one of the following options in RAN1#113 meeting
· Option 2: Per SRS resource set basis. 
· Support new signaling to indicate which SRS resource sets across carriers are linked. 
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied.  
· Option 3: Per SRS resource basis. 
· Support new signaling to indicate which SRS resources across carriers are linked. 
· For the non-linked SRS resources, no aggregation is assumed even if the conditions are satisfied




A difference between the SRS configuration process and the PRS configuration process lies in that the SRS is completely configured by the serving gNB, and the configuration information of the SRS is included in the configuration information of the BWP, as shown in the following figure：
[image: ]
                    Figure 2.3.2 The structure of SRS configuration from gNB to UE

As shown in Figure 2.3.2, the current SRS resources are configured in a BWP of a cell. For the positioning method based on uplink SRS bandwidth aggregation, the current configuration procedure does not need to be changed, but how to instruct the UE to send SRS resources in multiple UL carriers with the same port at the same time needs to be considered. 
Similar to PRS BW aggregation, per resource set basis reduces the signaling overhead and implementation complexity. Therefore, we support Option 2.

[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Proposal 5: For SRS bandwidth aggregation across two or three carrier, support per SRS resource set basis linkage. Wait for RAN1 progress to specify the signaling.

3.	Conclusion
In this contribution, we discussed RedCap positioning, carrier phase positioning and bandwidth aggregation and proposed the following:
Proposal 1: RAN2 wait for RAN1 progress on PRS and SRS frequency hopping before specifying the enhancements in RAN2.

Proposal 2: For either SRS or PRS configuration, LMF does not need to know the RedCap UE capability.

Proposal 3: Enhance LPP to support the reporting of DL RSCP and DL RSCPD for DL CPP. Wait for RAN1 to discuss the details.

Proposal 4: For PRS bandwidth aggregation across PFLs, support per TRP basis and per PRS resource set basis linkage. Wait for RAN1 progress to specify the new signaling.

Proposal 5: For SRS bandwidth aggregation across two or three carrier, support per SRS resource set basis linkage. Wait for RAN1 progress to specify the signaling.
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