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1	Introduction 
Following the conclusion of the Rel-17 RAN4-led work item on the Introduction of UE TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies for FR1 (NR SA and EN-DC) [1], [2], 3GPP approved a new Rel-18 work item on the Enhancement of UE TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies [3] with the following work objectives:
	4.1	Objective of Core part WI 
The following objectives are considered in this WI:
(1) Enhancements of TRP TRS test methodology 
· Specify necessary enhancement of the anechoic-chamber based test methodology (i.e. reference test methodology) to support (test methodology defined in TR 38.834 is the baseline):
· UE with NR 2Tx configuration
· Case 1: TxD (i.e., TxD capability supported)
· Case 2: single layer UL-MIMO (i.e., codebook-based capability supported)
· Study proper configuration from UE implementation and test system feasibility perspective
· Define test case applicability for case 1 and case 2
· RedCap devices (focused on wearable device only)
· Wrist-worn device as 1st priority
· Considering UEs with antenna configurations of 1 Tx, 1 Rx, 2 Rx
· Forearm phantom should be specified
· Consider the coordination with CTIA on this aspect
· Other phantoms are not precluded
· UE with DL/UL carrier aggregation configuration (2nd priority)
· Independent measurements of each CC can be the baseline approach
· Limited to Inter-band CA with up to 2DL/2UL cases
· Study and, if feasible, specify reverb-chamber based test methodology to support SA and EN-DC TRP TRS testing:
· Define test methodology for UE type with 1Tx and 2Tx configuration
· Test scenarios support: at least browsing mode, talk mode, and wrist-worn mode
· Perform harmonization activity with reference test method
· Define harmonization framework and pass/fail criteria 
· Perform harmonization test campaign according to the framework
· Note: the harmonization between anechoic chamber and Reverb-chamber based method can be applied independently for the conditions between 1Tx and 2Tx, among browsing mode, talk mode, and wrist-worn mode.
· If reverb-chamber based test methodology is found harmonized with the reference test method, then further discuss applicability of reverb-chamber based test methodology for requirements conformance testing
· Develop the Measurement Uncertainty (MU) assessment of the above newly defined test methodologies and test configurations [RAN5]:
· Measurement Uncertainty (MU) aspects will be handled by RAN5 and the conclusions can be captured in a separate section of the TR 
· Browsing mode, talk mode, and wrist-worn mode should be considered
· Study and specify the testing time reduction methodology for TRP and TRS testing
During the course of this work item, ongoing communication with 3GPP RAN WG5, CTIA OTA Working Group, CCSA TC9 WG1, GCF, GSMA TSG-AP, ETSI MSG TFES, and PTCRB shall be maintained to ensure industry coordination on this topic






	4.2	Objective of Performance part WI
Specify the performance part framework (general for both 1Tx and 2Tx requirements work):
· Lab alignment outcome and performance campaign framework in Rel-17 should be baseline with the following considerations:
· Decide whether lab alignment is needed for new test bands, new test scenarios and EN-DC configuration
· Handheld UE type is the first priority
· Consider UE size 1 and size 2 
· UE size 1 is the first priority
· Consider both browsing mode and talk mode
· Further prioritization not precluded
· Consider Power class 2 and 1.5 for 2Tx requirements, Power class 3 and 2 for 1Tx requirements
· Requirement applicability of TxD and single-layer UL MIMO of the same UE shall be specified
· Consider further prioritization of test cases 
· Taking following as a starting point to further discuss which information needed including for information disclosure:
· [Number of models tested by the labs]
·  Number of vendors that produced the models
·  percentage of tested devices per vendor
·  Percentage of models per production year
· [Power Class of the devices]
· Note 1: Size 1 (wide, width >72mm and ≤92mm), Size 2 (narrow, width ≥56mm and ≤72mm);
· Note 2: Browsing mode (hand phantom only), Talk mode (head and hand phantom);

(1) Specify TRP TRS requirements and recommended tolerance for UE with NR 2Tx for handheld UE based on enhanced reference test method and defined performance part framework 
· Specify the requirements and test tolerance for UE with SA mode
· Band n41, n77 and n78, as the first priority 
· FDD bands are not precluded 
· SA with 1 CC is the first priority

(2) Specify TRP TRS requirements and recommended tolerance for UE with NR 1Tx (SA and EN-DC) based on reference test method and defined performance part framework
· Specify the requirements and recommended tolerance for UE 
· SA: n3, n5, n7, n8, and n28 with PC3, n1, n77 and n79 with PC2 and PC3
· For talk mode requirements, n41 and n78 with PC2 should also be additionally considered
· Further prioritization on band list not precluded
· EN-DC: NR SA bands related EN-DC band combinations are the first priority, only NR carrier requirement will be specified
· Rel-17 band combination conclusions in TS 38.161 should be the basis
· For each newly added NR band to the scope, at least one example band combination shall be defined


In the contribution we share our initial views on the prioritization of the performance requirement scope for Rel-18 TRP/TRS.
2	Discussion
2.1	Rel18 FR1 TRP TRS enhancements Work Plan
Considering the very large scope of the performance part of the TRP/TRS work item, it is useful to continue discussion and conclude on some key aspects about the prioritization of the performance tasks.  We can structure this into three main categories:  what lab alignment needs should be addressed in the work item, prioritization of test cases, and prioritization of bands/configurations. This framework definition around higher priority items already confirmed in the work plan [4] is critical to ensure timely start and smooth execution of the Rel18 lab alignment activity.
Considering lab alignment procedures, we anticipate the Rel-18 work item will define requirements for the talk mode (beside head and hand phantom) test case.  Since the Rel-17 lab alignment campaign only measured the browsing mode (hand phantom) test case, the talk mode alignment results are necessary.
[bookmark: _Toc13820865][bookmark: _Toc13820963][bookmark: _Toc13823287][bookmark: _Toc13823509][bookmark: _Toc13823765][bookmark: _Toc104497258][bookmark: _Toc104497392][bookmark: _Toc104544780][bookmark: _Toc104553124][bookmark: _Toc115293555][bookmark: _Toc115293993][bookmark: _Toc115304582][bookmark: _Toc115423284][bookmark: _Toc127466223][bookmark: _Toc127532619][bookmark: _Toc127532677][bookmark: _Toc127532733][bookmark: _Toc127532773][bookmark: _Toc127533022]Observation 1:	Talk mode (beside head and hand phantom) test case should be included in Rel-18 TRP/TRS lab alignment procedures.
With band n28 in scope of performance requirement work, the frequency range over which labs need to be aligned increases from 2496 – 3800 MHz (bands n41 and n78) down to 703 MHz.  Additionally, the band is the first FDD band to be considered for NR OTA work, and lab alignment verification for this band is necessary.
[bookmark: _Toc115304583][bookmark: _Toc115423285][bookmark: _Toc127466224][bookmark: _Toc127532620][bookmark: _Toc127532678][bookmark: _Toc127532734][bookmark: _Toc127532774][bookmark: _Toc127533023]Observation 2:	Lab alignment for band n28 should be included in Rel-18 TRP/TRS lab alignment procedures.
Considering the remaining two high bands, n77 and n79, we observe that n77 overlaps with n78, for which lab alignment procedures were already concluded in Rel-17.  Band n79, however, increases the upper limit of the overall frequency span so far considered for OTA work to 5000 MHz.
[bookmark: _Toc115304584][bookmark: _Toc115423286][bookmark: _Toc127466225][bookmark: _Toc127532621][bookmark: _Toc127532679][bookmark: _Toc127532735][bookmark: _Toc127532775][bookmark: _Toc127533024]Observation 3:	Lab alignment for band n77 is not necessary, as alignment with band n78 should be applicable, while alignment for band n79 can be excluded and deprioritized in Rel-18 TRP/TRS lab alignment procedures.
Finally, the newly developed test methodology for devices capable of UL MIMO certainly merits lab alignment procedures in the Rel-18 work plan. However, assuming that the volunteer labs would be ready to test 2Tx on the lab alignment devices immediately after the meeting (RAN4#107) where this test methodology will be finalized is unreasonable. At the same time, the 1Tx lab alignment on agreed bands/parameters should be allowed to proceed. Hence it would be suitable to adopt a phased approach for lab alignment
[bookmark: _Toc115304585][bookmark: _Toc115423287][bookmark: _Toc127466226][bookmark: _Toc127532622][bookmark: _Toc127532680][bookmark: _Toc127532736][bookmark: _Toc127532776][bookmark: _Toc127533025]Observation 4:	Lab alignment for 2Tx test cases, such as UL MIMO, should be included in Rel-18 TRP/TRS lab alignment procedures pending completion of definition of NR 2Tx test methodology. However, this can be part of a second phase due to dependency on volunteer lab readiness of the new 2Tx test methodology in mind.
In terms of test cases, the Rel-18 TRP/TRS work item aims to define requirements for 1 Tx UEs, according to procedures already defined in Rel-17 (we can refer to this work as performance requirement continuation from Rel-17) and for 2 Tx UEs (e.g. UL MIMO capable UEs), according to procedures which will be developed as part of the Rel-18 TRP/TRS core work item objectives.  We consider both objectives the highest priority from the performance perspective.
[bookmark: _Toc115304586][bookmark: _Toc115423288][bookmark: _Toc127466227][bookmark: _Toc127532623][bookmark: _Toc127532681][bookmark: _Toc127532737][bookmark: _Toc127532777][bookmark: _Toc127533026]Observation 5:	It is recommended to prioritize browsing and talk mode test cases for 1 Tx and browsing mode test cases for 2 Tx with UL MIMO in the Rel-18 TRP/TRS performance work item (talk mode test cases for 2 Tx could be 2nd priority).
Arriving at the list of bands mentioned in the Rel-18 WID, we generally note that this list is too large for the work item to accommodate in a single release.  Recalling that RAN4 was able to conclude only two bands in Rel-17, realistic scope in terms of band coverage needs to be selected.
[bookmark: _Toc115304587][bookmark: _Toc115423289][bookmark: _Toc127466228][bookmark: _Toc127532624][bookmark: _Toc127532682][bookmark: _Toc127532738][bookmark: _Toc127532778][bookmark: _Toc127533027]Observation 6:	For browsing mode 1 Tx test cases, it is recommended to consider n28 and n77, pending any specific operator requests.
[bookmark: _Toc115304588][bookmark: _Toc115423290][bookmark: _Toc127466229][bookmark: _Toc127532625][bookmark: _Toc127532683][bookmark: _Toc127532739][bookmark: _Toc127532779][bookmark: _Toc127533028][bookmark: _Toc115304589][bookmark: _Toc115423291]Observation 7:	For talk mode 1 Tx test cases, it is recommended to consider n41 and n78 as the first priority (to match the Rel-17 outcomes with browsing mode) .
[bookmark: _Toc127466230][bookmark: _Toc127532626][bookmark: _Toc127532684][bookmark: _Toc127532740][bookmark: _Toc127532780][bookmark: _Toc127533029]Observation 8:	For 2 Tx with UL MIMO, it is recommended to consider bands n41 and n78 to start with since these were the primary bands of interest for 1Tx scenarios as well so it would help to complete definition of requirements for these bands first.
[bookmark: _Toc115304590][bookmark: _Toc115423292][bookmark: _Toc127466231][bookmark: _Toc127532627][bookmark: _Toc127532685][bookmark: _Toc127532741][bookmark: _Toc127532781][bookmark: _Toc127533030]Observation 9:	Following the Rel-17 arrangement, it is recommended to focus the performance requirement development on devices operating in stand-alone mode, and all test cases which feature other bands not mentioned in Observations 6 – 8, as well as requirements for devices in NSA mode, to be treated as the third priority.
[bookmark: _Toc115423293][bookmark: _Toc127466232][bookmark: _Toc127532628][bookmark: _Toc127532686][bookmark: _Toc127532742][bookmark: _Toc127532782][bookmark: _Toc127533031]Observation 10:	The lab alignment and subsequent performance campaign for each of the items in Observation 2, Observation 3, Observation 1 and Observation 4 (in that order) be planned sequentially and staggered by up to one meeting cycle gap if possible.
Observation 11: 		The Work Plan highlights Size 1 (width >72mm and ≤92mm) and SA with 1CC as priority 
[bookmark: _Toc13823832][bookmark: _Toc104497268][bookmark: _Toc104497395][bookmark: _Toc104503293][bookmark: _Toc104504642][bookmark: _Toc104504667][bookmark: _Toc104537672][bookmark: _Toc104544782][bookmark: _Toc104553127][bookmark: _Toc115293558][bookmark: _Toc115293994][bookmark: _Toc115304591][bookmark: _Toc115423294][bookmark: _Toc127532690][bookmark: _Toc127532746][bookmark: _Toc127532786][bookmark: _Toc127533035]Proposal 1:	It is proposed to incorporate the approach in Table 1 into the work plan [4] for the lab alignment and performance part framework of the Rel-18 TRP/TRS work item





[bookmark: _Toc127532691]Table 1 – Proposed Lab Alignment Framework as per priority items
	Test Configuration
	Bands of Interests
	3GPP Lab Alignment Needed?
	Lab Alignment

	Size1, SA with 1CC is priority
	
	
	

	Phase 1 
	 
	 
	Start post RAN4#107 and conclude data collection by RAN4#108

	1Tx 
	 
	 
	 

	Head and Hand (Talk Mode)
	n41, n78
	Yes
	 

	Hand Only (Browsing Mode)
	n28
	Yes
	 

	 
	n77 
	No (Observation 3)
	 

	 
	 
	 
	 

	Phase 2
	 
	 
	Start post RAN4#108 and conclude RAN4#109

	2Tx Hand Only (Browsing Mode)
Pending RAN4 test methodology
	n41, n78
	Yes
	 

	
	 
	 
	 

	Phase 3 
	 
	 
	 

	EN-DC
	Further discuss these 2nd priority items and potential removal of requirements definition task for these items from Rel-18 WID due to significant existing scope and pending company feedback
	 
	 

	CA
	
	 
	 

	Size 2 (narrow, width ≥56mm and ≤72mm)
	
	
	



[bookmark: _Toc127532692]Based on the Rel18 WP for NR FR1 TRP TRS [4], the following timeline on top of Figure 1 had been provided. Based on proposal 1, this timeline can be further elaborated (below) for lab alignment and prioritization.
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[bookmark: _Toc127532787][bookmark: _Toc127533036]Proposal 2: Update the Rel18 TRP TRS Work Plan [4] with details on lab alignment framework and focus.
[bookmark: _Toc127532697][bookmark: _Toc127532750][bookmark: _Toc127532788]--------------------------------------------------------------------------------------------------------------------------
1) RAN4 #107 F2F (May 2023)
· Core part 
· Anechoic chamber test methodology
· Make progress on AC test methodology to support RedCap and DL/UL CA
· Reverberation chamber test methodology
· Further discuss Reverberation chamber test methodology for other test cases
· Collect harmonization measurement results
· Measurement Uncertainty (MU) assessment
· RAN5 conclude MU for AC and RC for 1Tx configurations 
·  Text Proposals on Measurement uncertainty should be finalized and sent to RAN4
· RAN5 make progress on MU work for other test cases
· Testing time reduction
· Make progress on Testing time reduction solutions
· Performance part 
· Performance part framework 
· Discuss performance framework on FR1 TRP TRS requirement
· Conclude framework for Rel-18 lab alignment activity (using reference method)  
· Collect list of volunteer labs for lab alignment activity
· Start Rel-18 lab alignment activity for 1Tx Talk Mode (SA bands n41, n78), Browsing Mode (SA bands n28) for Size 1 devices.
· Define further prioritization of test cases
· Discuss UE information disclosure for performance measurement campaign
· NR 2Tx requirement 
· Collect views on 2Tx requirement discussion
· NR 1Tx requirements 
· Collect views on 1Tx requirement discussion

2) RAN4 #108 F2F (Aug 2023)
· Core part 
· Anechoic chamber test methodology
· Conclude on AC test methodology to support RedCap
· Further discuss test method for DL/UL CA
· Reverberation chamber test methodology
· Further discuss Reverberation chamber test methodology for other test cases
· Finalize the collection of harmonization measurement results
· Discuss harmonization outcome
· Discuss applicability of RC test method 
· Measurement Uncertainty (MU) assessment
· RAN5 conclude MU work for Anechoic chamber and Reverberation chamber for 2Tx
· Make progress on MU for other test cases
· Testing time reduction
· Make progress on Testing time reduction solutions
· Performance part started
· Performance part framework 
· Discuss performance framework on FR1 TRP TRS requirement
· Collect Rel-18 lab alignment measurement results for 1Tx Talk Mode (SA bands n41, n78), Browsing Mode (SA bands n28) for Size 1 devices.
· Start Rel-18 lab alignment activity for 2Tx Talk Mode and browsing mode (SA bands n41, n78) for Size 1 devices.
· Define further prioritization of test cases
· Discuss UE information disclosure for performance measurement campaign
· NR 2Tx requirement 
· Collect initial views on 2Tx requirement discussion
· NR 1Tx requirements 
· Collect initial views on 1Tx requirement discussion
[bookmark: _Toc127532698][bookmark: _Toc127532751][bookmark: _Toc127532789]----------------------------------------------------------------------------------------------
It is also useful to consider the overall progress of OTA requirement specification in 3GPP.  With the accomplishments from Rel-17, it can be helpful to consider how much RAN4 is likely to conclude in the Rel-18 timeframe.  Figure 2 below illustrates the Rel-17 conclusions (green boxes), Rel-18 objectives (unfilled boxes; grey text indicates second priority), and objectives which are so far missing in Rel-18 work scope.
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Figure 2: Dashboard view of OTA requirement progress
[bookmark: _Toc127466233][bookmark: _Toc127532629][bookmark: _Toc127532687][bookmark: _Toc127532743][bookmark: _Toc127532783][bookmark: _Toc127533032]Observation 12:	Rel-18 scope is clearly too large, when compared to what 3GPP achieved in Rel-17.
[bookmark: _Toc127466234][bookmark: _Toc127532630][bookmark: _Toc127532688][bookmark: _Toc127532744][bookmark: _Toc127532784][bookmark: _Toc127533033]Observation 13:	RedCap devices are not likely to be available in 2023 for a performance campaign in the Rel-18 WI.
From the OEM's perspective of designing devices, we also observe that the Rel-17 conclusions and the current Rel-18 work scope has left a gap in the TRP/TRS requirement definitions for bands n41 and n77 by not addressing the browsing and talk mode 1Tx PC3 TRP.
[bookmark: _Toc127466235][bookmark: _Toc127532631][bookmark: _Toc127532689][bookmark: _Toc127532745][bookmark: _Toc127532785][bookmark: _Toc127533034]Observation 14:	For bands n41 and n78, browding and talk mode 1Tx PC3 TRP requirements were not defined in Rel-17 and are missing from the Rel-18 work plan
Furthermore, since band n28 was already in the Rel-17 work plan, but performance work on this band was postponed from the Rel-17 efforts, the development of TRP/TRS requirements should be prioritized for this band in Rel-18.  Additionally, band n77 requirements should be prioritized in Rel-18 work.
[bookmark: _Toc127532699][bookmark: _Toc127532752][bookmark: _Toc127532790][bookmark: _Toc127533037]Proposal 3: Rebalance the Rel-18 work based on the following (see purple outlines in the figure):
- Remove 2nd priority item (CA TRP/TRS and 56 ≤ w ≤ 72mm device size)
- Complete full coverage of band n28, n41, n77, and n78 requirements
- Define n41, n78 1Tx PC3 TRP requirements (currently missing in the WID)
- Continue to develop the test methodology for RedCap and 2Tx radiated power

Conclusions
In the contribution we share our initial views on the prioritization of the performance requirement scope for Rel-18 TRP/TRS.  The following observations and proposals are presented:
Observation 1:	Talk mode (beside head and hand phantom) test case should be included in Rel-18 TRP/TRS lab alignment procedures.
Observation 2:	Lab alignment for band n28 should be included in Rel-18 TRP/TRS lab alignment procedures.
Observation 3:	Lab alignment for band n77 is not necessary, as alignment with band n78 should be applicable, while alignment for band n79 can be excluded and deprioritized in Rel-18 TRP/TRS lab alignment procedures.
Observation 4:	Lab alignment for 2Tx test cases, such as UL MIMO, should be included in Rel-18 TRP/TRS lab alignment procedures pending completion of definition of NR 2Tx test methodology. However, this can be part of a second phase due to dependency on volunteer lab readiness of the new 2Tx test methodology in mind.
Observation 5:	It is recommended to prioritize browsing and talk mode test cases for 1 Tx and browsing mode test cases for 2 Tx with UL MIMO in the Rel-18 TRP/TRS performance work item (talk mode test cases for 2 Tx could be 2nd priority).
Observation 6:	For browsing mode 1 Tx test cases, it is recommended to consider n28 and n77, pending any specific operator requests.
Observation 7:	For talk mode 1 Tx test cases, it is recommended to consider n41 and n78 as the first priority (to match the Rel-17 outcomes with browsing mode) .
Observation 8:	For 2 Tx with UL MIMO, it is recommended to consider bands n41 and n78 to start with since these were the primary bands of interest for 1Tx scenarios as well so it would help to complete definition of requirements for these bands first.
Observation 9:	Following the Rel-17 arrangement, it is recommended to focus the performance requirement development on devices operating in stand-alone mode, and all test cases which feature other bands not mentioned in Observations 6 – 8, as well as requirements for devices in NSA mode, to be treated as the third priority.
Observation 10:	The lab alignment and subsequent performance campaign for each of the items in Observation 2, Observation 3, Observation 1 and Observation 4 (in that order) be planned sequentially and staggered by up to one meeting cycle gap if possible.
Observation 12:	Rel-18 scope is clearly too large, when compared to what 3GPP achieved in Rel-17.
Observation 13:	RedCap devices are not likely to be available in 2023 for a performance campaign in the Rel-18 WI.
Observation 14:	For bands n41 and n78, browding and talk mode 1Tx PC3 TRP requirements were not defined in Rel-17 and are missing from the Rel-18 work plan

Proposal 1:	It is proposed to incorporate the approach in Table 1 into the work plan [4] for the lab alignment and performance part framework of the Rel-18 TRP/TRS work item
Proposal 2: Update the Rel18 TRP TRS Work Plan [4] with details on lab alignment framework and focus.
Proposal 3: Rebalance the Rel-18 work based on the following (see purple outlines in the figure): - Remove 2nd priority item (CA TRP/TRS and 56 ≤ w ≤ 72mm device size) - Complete full coverage of band n28, n41, n77, and n78 requirements - Define n41, n78 1Tx PC3 TRP requirements (currently missing in the WID) - Continue to develop the test methodology for RedCap and 2Tx radiated power
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