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[bookmark: _Toc54552966][bookmark: _Toc54553088][bookmark: _Hlk62117352][bookmark: _Toc48211472]During RAN#98e, there was an intensive debate about whether or not to incorporate NR carrier phase positioning and NR bandwidth aggregation positioning into Rel-18 [2]. The consensus was overwhelmingly in favour of including both of them. Due to the concern about the Rel-18 workload from some companies, the RAN chair advised that both NR carrier phase positioning and NR bandwidth aggregation positioning should focus on the fundamental aspects [3]. The final proposed WI objective of NR carrier phase positioning in the R18-Positioning after the NWM discussion essentially adhered to the RAN chair's guidance:

	Proposed NR CPP objective in RP-223532 [4]:
· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based. UE-assisted positioning, and NG-RAN node assisted [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 and procedures  [RAN4].


 
In the last GTW session of RAN#98e, a few companies suggested additional restrictions on the RAN4 RRM measurement requirements in order to decrease their workload. As a result of these concerns, the agreed-upon work item objective for NR carrier phase positioning in the R18-Positioning was altered to:

	Approved NR CPP objective in RP-223549 [1]:
· 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]. 



The work item description makes it clear that “RRM measurements without measurement gaps” are part of the RAN4 core requirements. However, it is unclear whether “RRM measurements with measurement gaps” are included as part of the RAN4 core requirements. This contribution aims to address the issue and propose a clarification.

Discussion
Whether to restrict RRM measurements to "with measurement gaps" or "without measurement gaps" was actually not included in the NWM email discussion during RAN#98e [3]. Instead, the matter was raised and debated during the final GTW session. The primary rationale for proposing to restrict RRM measurements in this manner, in CATT's understanding, was to alleviate the RAN4 workload. However, during RAN#98e, there was insufficient time for companies to assess the potential effects of the restriction on the NR CPP feature, and there was no clear understanding of the extent to which the workload reduction could be accomplished by imposing such constraints.

[bookmark: _GoBack]According to the WID, both with and without measurement gaps, NR carrier phase measurements must be supported in RAN1/RAN2/RAN3 specifications. However, RAN4 only defines core RRM requirements for carrier phase measurements limited to "without measurement gaps." This implies that certain fundamental aspects of NR carrier phase positioning will be introduced in Rel-18 without corresponding RRM requirements. This will make it challenging for vendors to implement the feature and for users/operators to assess and test it. Such a situation would be detrimental to the success of NR CPP, and it must be avoided.

Observation 1: For NR carrier phase positioning, it is essential to enable carrier phase measurements for both scenarios with and without measurement gaps. Restricting core RRM requirements for carrier phase measurements to only one of these scenarios should be avoided.


In RAN1#112, RAN1 made the following agreements on the definition of the NR carrier phase measurements and the reporting of the NR carrier phase measurements [5]:

	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.
Agreement
NR UL 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 UL SRS signal for positioning purpose configured for the measurement. A UL RSCP is associated with a specific RF frequency.
Agreement
For NR carrier phase positioning, at least support the following approach: enable a UE/TRP to report carrier phase measurements together with the legacy positioning measurements to LMF.




The above RAN1 agreements show that DL/UL carrier phases refer to the phase of the channel response obtained from resource elements (REs) carrying the DL PRS/UL SRS signals intended for carrier phase measurement. Typically, UE/gNB can obtain NR DL and UL carrier phase measurements together with legacy positioning measurements by processing the same DL PRS and UL SRS. The carrier phase measurements can then be piggybacked with legacy positioning measurement report and reported to the LMF. Existing physical and higher layer procedures can be easily expanded to accommodate NR DL and UL carrier phase measurements for both with and without measurement gaps, without significantly affecting the RAN1/RAN2/RAN3/RAN4 specifications. Interestingly, during the SI phase, no company raised concerns about the potential impact on existing physical and higher layer procedures for supporting DL and UL carrier phase measurements [6]. Additionally, similar to all positioning measurements, the accuracy requirements for carrier phase measurements should be the same, regardless of whether the measurements are acquired with or without measurement gaps. Hence, we don't perceive any significant reduction in RAN4 workload by limiting RRM requirements for carrier phase measurements to either with or without measurement gaps.

Observation 2: No significant reduction in RAN4 workload is expected by limiting RRM requirements for carrier phase measurements to either with or without measurement gaps.

Based on the above discussion, we suggest the following changes to the WID:

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 with and without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4]. 

Summary
In this contribution, we discussed the RAN4 core RRM requirements on carrier phase measurements. Base on the discussion, we have the following observations and proposal. 

Observation 1: For NR carrier phase positioning, it is essential to enable carrier phase measurements for both scenarios - with and without measurement gaps. Restricting core RRM requirements for carrier phase measurements to only one of these scenarios should be avoided.

Observation 2: No significant reduction in RAN4 workload is expected by limiting RRM requirements for carrier phase measurements to either with or without measurement gaps.

Proposal: Adopt the following changes to the WID:

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 with and without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4]. 
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