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1. [bookmark: _Ref73829754]Introduction
[bookmark: Proposal_Pattern_Length]At RAN#98, RAN plenary agreed the new WI on expanded and improved NR positioning [1] with following objectives led by RAN1:
	· 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].
· 


In addition, RAN1 will discuss PRU under carrier phase positioning agenda. 
In this contribution, we continue the discussion on  how to specify these objectives. 
Discussion
2.1 Support of positioning for UEs with Reduced Capabilities (RedCap UEs)
The objective is 
	· 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].


During SI phase, RAN1 identified following potential impact:
	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.



From RAN2 perspective, the main work should be to capture RAN1 parameters and capabilities which can be done once there is reasonable progress in RAN1. RAN1 made lots of agreements in RAN1#112. However it is still not stable enough for RAN2 to start the work since the details of parameters, capabilities, procedures are all FFS. Therefore RAN2 should postpone the discussion on positioning for RedCap UE until there is reasonable progress in RAN1.
Proposal 1: Potential RAN2 impact is to capture RAN1 parameters and feature lists. Postpone the discussion on positioning for RedCap UE until there is reasonable progress in RAN1.
2.2 Bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers 
The objective is 
	· 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).




As captured in the TR [2], 
	From the perspective of Radio Resource Management (RRM), the following are assumed for PRS bandwidth aggregation:
-	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).
From RRM perspective, the following are assumed for SRS bandwidth aggregation:
-	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.



It is unclear whether the bandwidth aggregation is similar to CA, i.e. based 3 intra-band contiguous carriers (3 cells). That is:
· For PRS, 3 cells (intra-band contiguous carriers ) send the PRS in the aggregated bandwidth;
· For SRS, UE sends the SRS in 3 cells  (intra-band contiguous carriers ) at the same time. 
Based on RAN1 agreements below, looks like the answer is yes.
	Agreement
For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. 
Agreement
For SRS bandwidth aggregation across two or three carriers, support enhancement of SRS configuration to indicate the SRS resources from which two or three carriers are linked 




If yes, it will have significant impact on RAN2 work, e.g. RAN2 needs to consider:
· Do we need to introduce new assistance data structure to support PRS/SRS in aggregated bandwidth?
· The relationship with CA, should CA be the pre-condition for aggregated bandwidth? If yes, how to trigger the UE in intra-band contiguous carriers CA case? Or the LMF only use this feature when UE has been configured with intra-band contiguous carriers CA?
Based on RAN1 agreements, they are also discussing the relationship with CA, see
	
Agreement
Study the relationship between UL communication CA and SRS bandwidth aggregation, including
· Whether to support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation for UE capabilities
· Whether to support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA, i.e., SRS outside BWP and across carriers




From RAN2 perspective, the main work should be to capture RAN1 parameters, capabilities which can be done once there is reasonable progress in RAN1. RAN1 made lots of agreements in RAN1#112. However it is still not stable enough for RAN2 to start the work since the details of parameters, capabilities, procedures are all FFS. Therefore . RAN2 should postpone the discussion on positioning for Bandwidth aggregation until there is reasonable progress in RAN1.

Proposal 2: Potential RAN2 impact is to capture RAN1 parameters and feature lists. Postpone the discussion on positioning for Bandwidth aggregation until there is reasonable progress in RAN1..  

2.3 Support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning 
The objective is: 
	· 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. 




Based on the objective, if existing DL PRS and UL SRS are reused, RAN2 does not need to introduce new assistance information. However, Carrier phase measurement is a new positioning method, the impact to RAN2 should be to introduce a new positioning methods, similar to other UE based/assisted RAT dependent positioning methods, .e.g. DL TDOA and corresponding new measurements for it. 
RAN1 made lots of agreements in RAN1#112. However it is still not stable enough for RAN2 to start the work since the procedure details, measurement details are all FFS. Therefore it is difficult for RAN2 to start the discussion before knowing the details and it would be good to avoid duplicated discussion. Therefore we propose:
Proposal 3: Potential RAN2 impact is to capture RAN1 parameters, feature lists and may introduce new RAT dependent positioning method and corresponding measurements, procedure. Postpone the discussion on Carrier phase positioning until there is reasonable progress in RAN1.
 Regarding the support of PRU, SA2 asked questions in [3], e.g. 
· Whether additional enhancement would be needed to support the simultaneous measurements for the target UE and PRU. 
· what location information can be provided by PRU, and whether RAN1 and RAN2 see benefit to allow PRU to provide its location information together with the location measurements reports.
RAN1 has discussed these two issues, and concluded:
	Conclusion
Current RAN1 specifications do not support a mechanism to ensure simultaneous measurements/transmissions (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU.

Conclusion
A PRU can report its location and associated uncertainty as is the case for other UEs. It is not necessary to always include the PRU location information with the PRU measurements in the same report. The PRU location information and measurements should be decoupled, where decoupled means that the PRU location information is determined independently of the reported measurements, even if the PRU location information and the PRU measurements would be included in the same report.



RAN1 also agreed that they will continue the discussion on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. The conclusion can be found in RAN1 LS [4]. 
To avoid duplicated discussion, RAN2 can just wait for the further progress in RAN1 and SA2 on PRU, and does not need to reply SA2/RAN1 LSs [3] [4].
Proposal 4: Postpone the discussion on PRU until there is reasonable progress in RAN1 and SA2.

1. Conclusion
Based on the discussion, we have following proposals:
Proposal 1: Potential RAN2 impact is to capture RAN1 parameters and feature lists. Postpone the discussion on positioning for RedCap UE until there is reasonable progress in RAN1.
Proposal 2: Potential RAN2 impact is to capture RAN1 parameters and feature lists. Postpone the discussion on positioning for Bandwidth aggregation until there is reasonable progress in RAN1..  
Proposal 3: Potential RAN2 impact is to capture RAN1 parameters, feature lists and may introduce new RAT dependent positioning method and corresponding measurements, procedure. Postpone the discussion on Carrier phase positioning until there is reasonable progress in RAN1.
Proposal 4: Postpone the discussion on PRU until there is reasonable progress in RAN1 and SA2.
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