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1	Introduction
RAN4 continues to make good progress on specifying OTA test methods and requirements for NR devices and key features.  Rel-19 OTA work overall should continue along the following two tracks:
-	Continue to specify requirements according to already defined test methods for more bands
-	Define new test methodologies for key new features

This contribution provies and overview of Apple priorities for OTA enhancements in Rel-19 and also provides some feedback to the proposals seen from other companies during the RAN #102 meeting.
2	Discussion
2.1	Overview of Apple priorities for OTA enhancements
2.1.1	2Tx radiated power
One major enhancement of the TRP test procedure is the 2Tx radiated power new metric and test procedure.  With the requirements delayed until Rel-19 and test method discussion ongoing in Rel-18 (based on the agreement reached during RAN #102), the continuation of this effort in Rel-19 is a key priority.  Rel-19 efforts should conclude the 2Tx radiated power test metric discussion (if not yet concluded during Rel-18), perform lab alignment activities, and develop performance requirements for 2Tx radiated power.

[bookmark: _Toc158363936][bookmark: _Toc158363972][bookmark: _Toc158364815][bookmark: _Toc160390602]Observation 1:	Rel-19 efforts should conclude the 2Tx radiated power test metric discussion (if not yet concluded during Rel-18), perform lab alignment activities, and develop performance requirements for 2Tx radiated power.
2.1.2	MSD measurement
As an input to the Rel-19 RF enhancement package, Apple has proposed a more effective and efficient MSD/SIR measurement and reporting scheme based on real carrier configurations as part of Rel-19 RAN4 objectives [1].  An important aspect in the real-time MSD/SIR measurement is that it is an Over-The-Air (OTA) based measurement as opposed to the conductive based MSD measurement where MSD is often underestimated due to that the true antenna isolation was not reflected or emulated in conductive test environment.  As a result, the real-time MSD measurement shall possess better MSD fidelity than the conductive measurement.  

[bookmark: _Toc158363937][bookmark: _Toc158363973][bookmark: _Toc158364816][bookmark: _Toc160390603]Observation 2:	Rel-19 efforts should develop an OTA based MSD measurement which shall possess better MSD fidelity than the conductive measurement.
2.1.3	XR TRP/TRS
With the introduction of the new XR wearable device type [2][3], the radiated performance test procedure and associated requirements need to be developed by RAN4 [4].  Potential enhancements to TRP/TRS test method include the following:
-	Whether head phantoms currently used for handset OTA in the talk mode (which mostly comprises SAM phantoms for which MU determination is known) could be reused or if new head phantom requirements need to be introduced. For new head phantoms, specific MU updates will need to be incorporated into preliminary MU budget.
-	Specify DUT positioning guidelines
-	Adapt the TRP/TRS test metric to the head-worn scenario
-	If TRP/TRS is adapted as metric, specify UE configuration aspects for TRP/TRS testing including but not limited to default power levels, any specific antenna configuration for measurement etc.
-	Define the test procedure
-	Develop the preliminary measurement uncertainty budget

[bookmark: _Toc158363938][bookmark: _Toc158363974][bookmark: _Toc158364817][bookmark: _Toc160390604]Observation 3:	Rel-19 efforts should develop test methodology for XR wearable devices.

The development of OTA performance requirements for XR wearable devices is anticipated to follow the OTA requirement development framework established for NR handset UEs in Rel-17 and Rel-18.  This framework consists of the following high-level objectives:
-	Identify volunteer test labs and a set of lab alignment devices
-	Perform a lab alignment campaign by measuring the alignment devices in each lab according to the specified test procedure
-	Quantify each lab’s alignment outcome based on whether the deviation of results measured in the lab is within an a bound derived from the preliminary measurement uncertainty budget
-	In a contribution-driven manner, only aligned labs select a pool of commercially available devices, measure their radiated performance, and submit an anonymized set of results to RAN4
-	RAN4 aggregates the measured data and specifies the OTA requirement based on the data

From a practical perspective, we observe that in order to specify an OTA requirement based on measured data, a statistically significant sample size of DUTs is necessary.  It seems unlikely that enough different XR wearable device models will become commercially available during 2024-2025, and we anticipate that the performance part of the OTA work related to XR wearable devices will need to be postponed to a later release.
2.1.3	LTE TRP/TRS
It is our understanding that GCF has been discussing operator requests for pass/fail limits for LTE devices.  We believe that it is in the interest of the 3GPP community to remain the go-to forum for OTA requirements to external organizations.  Based on the potential GCF request, 3GPP should be prepared to develop TRP/TRS requirements for LTE devices as a consideration of the market realities.  As part of the work, RAN4 should discuss whether OTA requirements for LTE bands could be defined based on offset methods from existing NR limits.

[bookmark: _Toc158363939][bookmark: _Toc158363975][bookmark: _Toc158364818][bookmark: _Toc160390605]Observation 4:	If requested by GCF, Rel-19 efforts should develop OTA requirements for LTE devices; as part of the work, RAN4 should discuss whether OTA requirements for LTE bands could be defined based on offset methods from existing NR limits.
2.2	Views of other OTA enhancement proposals
Table 1 below summarizes the various OTA proposals seen in RAN #102 [5]:

Table 1: Summary of OTA proposals seen during RAN #102
	Topic
	High-level overview

	TRP/TRS
	Study potential test metrics method to support NR NTN and IoT NTN device measurements
Enhanced radiated output power test method to support multi-Tx, e.g., 2Tx 
Testing time reduction solutions for FR1 OTA 
MU assessment of test methods 
TRP TRS requirements for operator demanded bands 
FFS: Test method to support XR device measurement, new head phantom may be needed. 2Rx relaxation for 4Rx bands for XR UE.
FFS: Test method to support NR NTN and IoT NTN device measurements (further clarify the UE type whether it is smartphone or other devices)
FFS: CA MSD test method enhancement for more UL/DL combination, e.g. 2DL/2UL, with MSD issue being considered, e.g., MSD reporting enhancement.
FFS: Study UE antenna correlation for multiple antennas
FFS: TRP TRS requirements for operator demanded CA band combinations depending on operators’ demand. 

	MIMO OTA
	MIMO OTA Test method under dynamic channel model (study phase is needed for dynamic environment)
Further clarification on dynamic channel model is needed 
MU assessment for test methods 
FR1 MIMO OTA requirements for operator demanded bands 
FFS: MIMO OTA Test method to support testing using phantoms, e.g. hand phantom
FFS: Multiple TRP test scenarios for FR1 MIMO OTA
FFS: FR2 MIMO OTA requirements for operator demanded bands 

	FR2 OTA
	Testability issue for STxMP for non-handheld UE
FFS: RC (Reverberation Chamber) Method
FFS: Testability issue of FR1+FR2 DC/CA RRM test cases
FFS: Study dynamic OTA testing



The proposal to develop the NTN OTA methodology (for NR NTN and IOT NTN) is well aligned with industry priorities, although it might be too early to develop requirements during Rel-19 due to the lack of a sufficient number of commercially available UEs. Smartphones can be one of the UE types under the scope for NR NTN.

[bookmark: _Toc158363940][bookmark: _Toc158363976][bookmark: _Toc158364819][bookmark: _Toc160390606]Observation 5:	OTA testing methodology should be developed for NTN devices in Rel-19, although it might be too early to consider performance requirements.

Our understanding regarding the proposed antenna correlation studies is that they are dependent on propagation model assumptions (such as the isotropic model) and don’t represent field performance well.  These aspects were reviewed as part of the LTE MIMO OTA studies by 3GPP (please refer to TRs 37.976 and 37.977).  Thus, the rationale for this study is not clear to us.

[bookmark: _Toc158363941][bookmark: _Toc158363977][bookmark: _Toc158364820][bookmark: _Toc160390607]Observation 6:	The rationale for the proposed antenna correlation studies is not clear, and such work should not be further considered by 3GPP.

Although it is true that other certification bodies, such as CTIA, already have specified test cases for CA TRP and TIS, 3GPP should not blindly use this precendent without understanding the rationale for introducing such test conditions.  It has been the experience that testing for CA TRP TRS brings with it increased test system complexity. Developing test methods that can be scaled to accommodate a wide range of CA scenarios and device types is extremely challenging. The overall test system enhancements needed for effective OTA testing of NR FR1 CA can be significant, impacting the overall cost and accessibility of testing. In addition, the challenges in accurately measuring signal quality parameters over multiple OTA carriers can be complex. It is useful to keep in mind that even if RAN4 introduces just a test procedure without pass/fail limits, the implication will always remain that either in a future release with 3GPP or in some external certification forum (such as GCF), pass/fail limits can easily be added to the procedure.  Thus, the rationale for CA TRP and TIS should encompass the consideration of such potential requirements.

Considering the uplink first, CA TRP requirements could potentially be specified for intra-band CA and inter-band CA.  In the intra-band CA case, where the total output power is shared across the aggregated CCs, the PSD scales down with increasing BW.  Such a test would no longer correspond to the core rationale for the TRP, which is to define a minimum performance metric on the antenna subsystem to ensure the UE can operate under certain coverage assumptions made by the operator.  From the perspective of uplink coverage, intra-band UL CA is a best-effort feature and can be activated by the operator when propagation conditions allow for the related degradation in PSD.  The potential value of a minimum requirement on TRP in this scenario is difficult to see, since it is not clear how the network behavior would change with respect to different UEs exhibiting different intra-band UL CA TRP performance.

In the case of inter-band UL CA, we know from the HPUE discussions in RAN4 that the assumed UE architecture is a two-PA device with separate Tx paths per CC.  This has allowed RAN4 to specify the HigherPowerLimitCADC feature in Rel-17, for example, allowing the UE to fully utilize its available PA capability for inter-band UL CA operation.  Considering the UE architecture assumptions related to these inter-band UL CA band combinations, a reasonable assumption on radiated performance of such UEs is that the minimum performance can be adequately characterized by TRP per band.

[bookmark: _Toc158363942][bookmark: _Toc158363978][bookmark: _Toc158364821][bookmark: _Toc160390608]Observation 7:	The rationale for CA TRP/TRS requirements is not clear.  RAN4 should focus OTA CA efforts on the MSD enhancements and associated test procedures instead.

Considering that MIMO OTA dynamic channel model test procedures are already specified by CTIA, we are interested in aligning these with 3GPP.  As already discussed during the RAN4 discussions, there does not seem to be a compelling rationale to introduce phantoms for MIMO OTA.  Additionally, there are concerns about the structural stability of hand phantoms.

[bookmark: _Toc158363943][bookmark: _Toc158363979][bookmark: _Toc158364822][bookmark: _Toc160390609]Observation 8:	If 3GPP pursues MIMO OTA dynamic channel model test procedures, then this effort should be well aligned with existing procedures already specified by CTIA.  This can ensure harmonization in the certification ecosystem.

With the feasibility of mTRP MIMO OTA not fully clear, further discussion about the proposed scenarios is recommended.

[bookmark: _Toc158363944][bookmark: _Toc158363980][bookmark: _Toc158364823][bookmark: _Toc160390610]Observation 9:	The feasibility of multi-TRP MIMO OTA is not yet clear, and further discussion about the proposed scenarios is recommended.

With FR2 RF enhancements for handheld UEs receiving lower priority overall in the discussions during RAN #102, it seems that OTA enhancements related to FR2 handheld UEs, which tend to be linked directly to market priorities, are superfluous in Rel-19.  Thus, we recommend focusing the FR2 OTA efforts on non-handheld UE form factors only.

[bookmark: _Toc158363945][bookmark: _Toc158363981][bookmark: _Toc158364824][bookmark: _Toc160390611]Observation 10:	OTA enhancements related to FR2 handheld UEs, which tend to be linked directly to market priorities, are superfluous in Rel-19.  Thus, we recommend focusing the FR2 OTA efforts on non-handheld UE form factors only.
3	Recommended Rel-19 OTA work scope
3.1	FR1 TRP/TRS
Figure 1 below summarizes the current status of TRP/TRS methodology and requirements in RAN4 and also identifies Apple’s priorities and proposals for Rel-19 work.
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	NOTE 1: Rel-17 TRP/TRS conclusions shown in green; Rel-18 TRP/TRS conclusions and objectives are shown in orange; Proposed Rel-19 objectives shown in red; Tentative Rel-19 objectives (depends on GCF request) shown in grey
NOTE 2: DUT size 56 ≤ w ≤ 72 mm has been de-prioritized from RAN4 OTA requirement development, and RAN4 focuses efforts on DUT size 72 < w ≤ 92 mm
NOTE 3: LTE test methodology is specified in TS 37.144 (MU and TT in TS 37.544)


Figure 1: Scope of RAN4 OTA activities
Proposed test methodology enhancement: 
-	If not yet concluded in Rel-18, conclude the 2Tx radiated power test metric
-	Develop the preliminary MU for 2Tx radiated power
-	Develop test methodology for TRS and 1Tx TRP for XR wearable and applicable phantom(s) definition
-	Develop the preliminary MU for XR wearable test methodology
-	Develop an OTA based measurement which shall possess better MSD fidelity than the conductive measurement
-	Develop the test metric and test methodology for NTN UEs
-	Develop the preliminary MU for for NTN UE test methodology 

Proposed performance objectives: 
-	TRS and 1Tx TRP
-	Handset bands n5, n7; consider one more out of {n3, n8, n77 n79} based on operator request
-	RedCap requirements for bands n41, n78
-	2Tx radiated power
-	Handset bands n41, n78
-	Requirements for MSD reporting enhancement
-	Applicable band combination(s) TBD
-	LTE (depends on GCF request)
-	Study and specify OTA requirements for LTE bands could based on offset(s) from existing NR limits

3.2	MIMO OTA
The MIMO OTA proposals discussed in RAN#102 adopting dynamic channel model enables the opportunity to introduce the following methodology enhancements:
· Develop a novel dynamic channel model, that may be consolidated with other SDOs
· Redefine FR1 channel model validation based on dynamic channel model
· Develop a novel FoM based on the new FR1 dynamic channel model
· Study the possibility to introduce Signal to Interference Ratio (SIR) control into 3GPP MIMO OTA
· Redefine uncertainty contributions related to FR1 dynamic channel model
· Redefine Measurement Uncertainty (MU) budget estimation based on FR1 dynamic channel model implementation
 
On performance objectives, the following action items can be considered:
· Redefine the need of developing test cases including hand phantoms, considering hand phantom availability based on devices overall dimensions, form factors, user cases (hand phantom grid definition) and frequency of operation.
· Redefine FR1 frequency band priorities based on operator’s consultation
· Conclude performance requirement definitions for FR1 UL MIMO 
· Redefine FR2 MIMO OTA performance requirement definitions and prioritize bands of operation based on operator’s feedback


3.3	FR2 OTA
With FR2 RF enhancements for handheld UEs receiving lower priority overall in the discussions during RAN #102, it seems that OTA enhancements related to FR2, which are always linked directly to market priorities, are superfluous in Rel-19.  Thus, we recommend focusing the FR2 OTA efforts on non-handheld UE form factors only.

4	Conclusions

Observation 1:	Rel-19 efforts should conclude the 2Tx radiated power test metric discussion (if not yet concluded during Rel-18), perform lab alignment activities, and develop performance requirements for 2Tx radiated power.
Observation 2:	Rel-19 efforts should develop an OTA based MSD measurement which shall possess better MSD fidelity than the conductive measurement.
Observation 3:	Rel-19 efforts should develop test methodology for XR wearable devices.
Observation 4:	If requested by GCF, Rel-19 efforts should develop OTA requirements for LTE devices; as part of the work, RAN4 should discuss whether OTA requirements for LTE bands could be defined based on offset methods from existing NR limits.
Observation 5:	OTA testing methodology should be developed for NTN devices in Rel-19, although it might be too early to consider performance requirements.
Observation 6:	The rationale for the proposed antenna correlation studies is not clear, and such work should not be further considered by 3GPP.
Observation 7:	The rationale for CA TRP/TRS requirements is not clear.  RAN4 should focus OTA CA efforts on the MSD enhancements and associated test procedures instead.
Observation 8:	If 3GPP pursues MIMO OTA dynamic channel model test procedures, then this effort should be well aligned with existing procedures already specified by CTIA.  This can ensure harmonization in the certification ecosystem.
Observation 9:	The feasibility of multi-TRP MIMO OTA is not yet clear, and further discussion about the proposed scenarios is recommended.
Observation 10:	OTA enhancements related to FR2 handheld UEs, which tend to be linked directly to market priorities, are superfluous in Rel-19.  Thus, we recommend focusing the FR2 OTA efforts on non-handheld UE form factors only.
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