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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
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.



The TR 38.859 [3] captured the following related to RedCap positioning:
	[bookmark: _Toc120887918]6.5.3	Potential specification impact for positioning for RedCap UEs
From RAN1's perspective, the following have been identified for potential specification impact to support NR positioning for RedCap UEs:
-	Maximum tolerable phase error, timing gap, and timing error between hops.
-	Considerations for IIoT, commercial, Public Safety and V2X scenarios, and UE capabilities.
-	Details on the Tx or Rx hopping pattern(s), including frequency overlapping between hops, if supported.



In the following subsections, we address the highlighted objectives.
2.1.1	Potential enhancements in RAN2 to support frequency hopping
During the SI phase in RAN1, two possible solutions for DL-PRS frequency hopping were proposed:
1) Wide-band DL-PRS transmission (legacy scheme): The TRP transmits a “wide-band” PRS while the RedCap UE performs the reception in a frequency hopping way. 
2) DL-PRS frequency hopping transmission (PRS Tx hopping): The TRP sends a set of “narrow-band” PRS beyond maximum RedCap UE bandwidth via frequency hopping, and RedCap UE performs the reception correspondingly.
However, there was no agreement in RAN1 on the solution for DL-PRS frequency hopping.

For SRS frequency hopping, companies in RAN1 are of the opinion that RedCap UE should send a set of “narrow-band” SRS in a frequency hopping way, and the total occupied bandwidth may exceed the maximum RedCap UE bandwidth. From higher layer’s perspective, a straightforward method to achieve frequency hopping based SRS transmission is with BWP switching. The current BWP switching delays range from 1ms to 10ms [4] depending on the BWP switching mechanism. Assuming 5 hops for the frequency hopping, the total BWP switching delay will be higher and may have a negative impact on positioning accuracy. So, some enhancements are needed to enable “short” switching time between adjacent hops. 

Considering the fact that RAN1 is still discussing and needs to agree on the details of PRS and SRS frequency hopping, RAN2 can wait for RAN1’s progress for the time being.

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

2.1.2	Awareness of RedCap UE capability at the LMF
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 needs to conclude how PRS frequency hopping can be achieved. If wideband PRS transmission is used, then there is no need for LMF to know the RedCap UE capability.
 
Proposal 2: For SRS configuration, LMF does not need to know the RedCap UE capability. For PRS configuration, RAN2 wait for RAN1 conclusion on PRS frequency hopping details.

2.2	Carrier Phase Positioning
Based on the TR 38.859 [3], the existing DL PRS and UL SRS for positioning can be re-used as the reference signals for CPP and different CPP measurements would be studied. The existing positioning procedures could be mostly re-used, but signaling enhancements may be needed to support the newly introduced measurements. For example, for DL positioning, the LPP may be enhanced to report the carrier phase or the difference of the carrier phase measurements from the DL PRS signal(s) of the TRPs and possibly the multipath information to the LMF. RAN2 can wait for RAN1 progress to specify the measurements that should be introduced. 

[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Proposal 3: Signaling enhancements are needed to support the new measurements introduced by CPP method. Wait for RAN1 progress to specify the measurements. 

Based on the TR 38.859, the use of positioning reference unit (PRU) to facilitate NR phase positioning would be studied. PRU has been discussed in Rel-17. In NR CPP, it was proposed and discussed in R1 that PRU can be utilized to overcome the gNB carrier phase synchronization error resulted by the random initial phase using double differential technique. 

For UE-based CPP, the target UE could obtain the carrier phase measurements of PRU to perform double differential carrier phase positioning. In this case, the enhancement of assistance data is necessary so that the carrier phase measurements of the PRU can be transferred to the target UE from the LMF. 

Proposal 4: The enhancement of assistance data for inter-TRP phase synchronization is necessary for UE-based carrier phase positioning. 
2.3	Bandwidth Aggregation
2.3.1 Aggregation of PRS resources
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：
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    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.

From the perspective of RAN2, the preceding configuration architecture does not need to be modified for PRS bandwidth aggregation-based positioning. The network only needs to notify the UE of the following additional information:
1) [bookmark: OLE_LINK65][bookmark: OLE_LINK66]When does the UE perform PRS bandwidth aggregation-based measurement?
2) Which PFLs should the UE measure at the same time?
From the perspective of signaling, 
· For the first problem, a new field can be added to the Location Measurement Request to indicate that PRS bandwidth aggregation-based measurement is required for the UE. 
· For the second problem, 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.
However, the above issues should be discussed in RAN1 first, RAN2 can further specify the signaling content after the conclusion of RAN1 is reached.

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Proposal 5: Signaling enhancements are needed to support the new measurements introduced by PRS bandwidth aggregation-based measurement. Wait for RAN1 progress to specify the measurements. 

2.3.2 Aggregation of SRS resources
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. A simple solution is to add indication information to SRS resource set configuration information of a cell, to indicate the association to the SRS resource set configuration of another carrier. After receiving the configuration, the UE would know those SRS resources need to transmitted with the same port at the same time.

Actually, RAN1 will also discusses this problem, and RAN2 may define specific signalling content after RAN1 has a conclusion.

[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Proposal 6: Maintain the per-BWP/CC SRS configuration, and signaling enhancements are needed to support the new measurements introduced by SRS bandwidth aggregation. Wait for RAN1 progress to specify the measurements. 

2.3.3 Decouple the positioning BW aggregation with communication CA
Based on the current description of the existing signalling architecture, to support PRS/SRS bandwidth aggregation, the UE first needs to support carrier aggregation. Carrier aggregation is a concept introduced in data communication. It aims to transmit and receive data on multiple carriers at the same time to greatly increase the communication data rate. On the other hand, the bandwidth aggregation in positioning is used to improve positioning accuracy by using larger reference signal bandwidth. 

However, considering actual application scenarios, some scenarios do not require a very high communication data rate, but may require very high positioning precision, such as AGV navigation, autopilot, etc. In addition, the UE generally does not perform communication when performing a positioning operation. Therefore, positioning and communication are independent processes from the perspective of requirements and services, and thus carrier aggregation used for communication and bandwidth aggregation used for positioning should be decoupled so that both UE/NW could design the baseband/RF tailored to the communication and positioning individually. For example, a UE may not support carrier aggregation, but may support bandwidth aggregation of positioning reference signals to reduce the cost of baseband processing and L1/L2 buffering. There is no need to bundle carrier aggregation and positioning bandwidth aggregation.

For DL-PRS, the configuration of DL-PRS is not based on the serving Cell/BWP configuration. So, the PRS bandwidth aggregation and communication carrier aggregation are already decoupled from the view of configuration.

For UL-SRS, because the SRS is configured in the BWP of the serving cell, the SRS bandwidth aggregation depends on the communication carrier aggregation. The decoupling of the SRS bandwidth aggregation and communication carrier aggregation means that a separate UE capability for SRS carrier/BW aggregation should be defined independent from UE communication CA capabilities, e.g. bandwidth class.

Proposal 7: Support decoupling the positioning SRS bandwidth aggregation with communication carrier aggregation and 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 studying the enhancements required in RAN2.

Proposal 2: For SRS configuration, LMF does not need to know the RedCap UE capability. For PRS configuration, RAN2 wait for RAN1 conclusion on PRS frequency hopping details.
Proposal 3: Signaling enhancements are needed to support the new measurements introduced by CPP method. Wait for RAN1 progress to specify the measurements.

Proposal 4: The enhancement of assistance data for inter-TRP phase synchronization is necessary for UE-based carrier phase positioning.

Proposal 5: Signaling enhancements are needed to support the new measurements introduced by PRS bandwidth aggregation-based measurement. Wait for RAN1 progress to specify the measurements.

Proposal 6: Maintain the per-BWP/CC SRS configuration, and signaling enhancements are needed to support the new measurements introduced by SRS bandwidth aggregation. Wait for RAN1 progress to specify the measurements.

Proposal 7: Support decoupling the positioning PRS/SRS bandwidth aggregation with communication carrier aggregation and wait for RAN1 progress to specify the signaling.
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