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1
Introduction
In the last RAN4 meeting, good progress has been made on AC test methodology. In this paper, we share our further views on enhancement of AC system.   

2
Discussion

2.1 2Tx test method 
2.1.1 TPMI-based test method 
As agreed in the WF [1], for single-layer UL MIMO OTA testing, some key aspects should be resolved: test parameters, proper TPMI index, applicability of the test method, potential MU impact (RAN5 responsibility). 
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For the modulation configuration of uplink signal, similar to single Tx TRP testing, the configuration should be aligned with RF MOP test case which has no MPR. Based on the configurations in TS 38.521-1 Table 6.2D.1.4.1-2 [2], DFT-s-OFDM QPSK should be adopted.  
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Proposal 1: Selecting the same UL modulation parameter as 1Tx of each band in TR 38.834 Table 4.3.3-1 for single-layer UL MIMO TRP testing, i.e., DFT-s-OFDM QPSK.

In the WF, there is an open issue about how to handle a UE support one full power PA. We think we need to consider this point from two perspectives.

In TS 38.101-1 [3] clause 6.2D.1, the statement on the requirement applicability is:
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So, in our understanding, if the UE is equipped with 26dBm PA, even it supports single-layer UL MIMO and TxD, then the PC2 requirement can also apply to single PA case.

Proposal 2: From minimum requirement perspective, in TS 38.161, if a UE support one full power PA, then UE is preferred to be tested with single antenna configuration, i.e., 1Tx with TAS OFF, to meet the PC2 TRP OTA requirement. 
However, from test method development perspective, it is valuable to study TRP test method with 2Tx even for UE support 23+26 or 26+26 architecture in RAN4, to provide a unified guidance to the industry.
Proposal 3: From test method development perspective, in TR 38.870, RAN4 should study 2Tx TRP test method for UE supporting 23+26 or 26+26 configuration.

Regarding the detailed TPMI index for different UE capability, it is reasonable to configure different TPMI index if needed, but single TPMI index is preferred during the entire TRP testing without dynamic adaption. In addition, if TPMI index is configured, the TRP and TRS testing for each band should be performed as a pair under the same configuration. 
2.1.2 TxD test method 

Agreed in the last RAN4 meeting [1], 
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An LS is prepared in [4] to seek more information on TxD testing. 

On the other hand, the UE capability for TxD OTA testing should be discussed in RAN4. In TS 38.101-1 [3], there is no limitation on TxD power class, which could be PC3, PC2, and PC1.5. 
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However, from UE implementation perspective, all UEs can achieve PC3 with single PA, thus it seems unreasonable to test TxD for PC3 smartphone. 
For PC2 UE, there are two different architectures widely adopted in commercial smartphones, i.e., 23dBm PA +23dBm PA, and 23dBm PA +26dBm PA. For the UE supporting Tx Diversity capability and also support single PA (antenna) to reach Power Class 2, RAN4 should decide the test applicability of these UE. 
Proposal 4: For a PC2 UE supporting Tx Diversity capability also has a full power PA, the TRP requirements should be tested under 1Tx case.
2.2 RedCap test method

In WF, it is agreed that new measurement parameters should be defined for RedCap UE TRP/TRS testing.
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In Rel-17, when RAN4 discussed the common test parameters of each FR1 band for smartphone UEs, agreed in [5]; 
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It is quite straight forward to align with Rel-17 conclusion that mid channel bandwidth for RedCap UE defined in TS 38.508-1 Table 4.3.1.0A-1 should be the default channel bandwidth. 
Proposal 5: Selecting one channel bandwidth per band for RedCap TRP and TRS tests. Default channel bandwidth is mid channel bandwidth defined in TS 38.508-1 Table 4.3.1.0A-1 RedCap UE Mid Test Channel bandwidth.
However, in Rel-17, requested by operators that some exceptions for band n28/n41/n77/n78/n79 by adopting large channel bandwidth were agreed [6]. 
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So, RAN4 needs to make decision that whether large channel bandwidth should be adopted for RedCap UE at the following bands n28/n41/n77/n78/n79.
Proposal 6: RAN4 should decide whether high channel bandwidth should be adopted for RedCap at n28/n41/n77/n78/n79, i.e., 20MHz; 
Regarding the OTA phantoms for RedCap testing, as agreed in the last RAN4 meeting that the forearm phantom for FR1 wearable device will be used, and coordination with CTIA is needed. WI Rapporteur is working with CTIA Certification on a potential co-contributed document to RAN4. The LS between groups on this topic is not needed.
Observation 1: WI Rapporteur has been working with CTIA Certification on detailed Text Proposals and licence agreement, and potentially a co-contributed document will be submitted. 
After performing some measurements of watch devices those are randomly selected in the market, we find that the battery of the wearable device can support just 0.5h~2h TRP/TRS testing under maximum output power condition. For few devices, they are even unable to support a full TRS testing. It is quite critical to resolve this testing issue in RAN4. 

Observation 2: Some of watch-type devices in the market can just support 0.5h~2h TRP/TRS testing under maximum output power condition. 
Generally, the watches are equipped with small battery and may face significant heating effect under full UL power transmission mode, then the operation time is not capable to support TRP and TRS conformance testing. Therefore, RAN4 should study a new measurement grid or define new test configurations for RedCap UE, and potentially additional MU should be allowed.

Proposal 7: RAN4 needs to define a new measurement grid or new test configurations specifically for NR RedCap UE, addition MU compared to smartphone shall be allowed. 
2.3 CA band combination

Agreed in the WF that CA topic is 2nd priority based on contribution driven manner [1]:
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Before discussing the test system and procedure for CA testing, it is important for RAN4 to figure out a logic to select proper CA band combinations similar to EN-DC band combinations selecting rules.
Proposal 8: RAN4 should first discuss and decide a CA band combination selection rule.    

3 Conclusion

We share our views on AC enhancement, and propose the following proposals:

Proposal 1: Selecting the same UL modulation parameter as 1Tx of each band in TR 38.834 Table 4.3.3-1 for single-layer UL MIMO TRP testing, i.e., DFT-s-OFDM QPSK.
Proposal 2: From minimum requirement perspective, in TS 38.161, if a UE support one full power PA, then UE is preferred to be tested with single antenna configuration, i.e., 1Tx with TAS OFF, to meet the PC2 TRP OTA requirement. 
Proposal 3: From test method development perspective, in TR 38.870, RAN4 should study 2Tx TRP test method for UE supporting 23+26 or 26+26 configuration.

Proposal 4: For a PC2 UE supporting Tx Diversity capability also has a full power PA, the TRP requirements should be tested under 1Tx case.
Proposal 5: Selecting one channel bandwidth per band for RedCap TRP and TRS tests. Default channel bandwidth is mid channel bandwidth defined in TS 38.508-1 Table 4.3.1.0A-1 RedCap UE Mid Test Channel bandwidth.
Proposal 6: RAN4 should decide whether high channel bandwidth should be adopted for RedCap at n28/n41/n77/n78/n79, i.e., 20MHz; 
Observation 1: WI Rapporteur has been working with CTIA Certification on detailed Text Proposals and licence agreement, and potentially a co-contributed document will be submitted. 
Observation 2: Some of watch-type devices in the market can just support 0.5h~2h TRP/TRS testing under maximum output power condition. 
Proposal 7: RAN4 needs to define a new measurement grid or new test configurations specifically for NR RedCap UE, addition MU compared to smartphone shall be allowed. 
Proposal 8: RAN4 should first discuss and decide a CA band combination selection rule.    
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3GPP TS 38.508-1 V17.6.0 (2022-09)
Issue 2-1-1: Test parameter for single-layer UL MIMO TRP testing


Agreements:


Further discuss below options in future RAN4 meetings


Option 1:	DFT-s-OFDM is selected for TRP test of NR 2Tx UEs.


Option 2:	CP-OFDM is selected for TRP test of NR 2Tx UEs.


Option 3: both 


Issue 2-1-2: Scope for single-layer UL MIMO TRP testing


Agreements:


Proposal 1: The overall goal is to enable single-layer UL MIMO TRP for all UEs supporting coherent UE and non-coherent UE capabilities. Test configurations may/may not be the same, FFS.


Proposal 2: RAN4 further discuss whether UEs with at least one full power PA are in scope or not. Also consider different power classes e.g. PC2 with 26+26 or 26+23.


Issue 2-1-3: Basic assumption for TPMI-based TRP testing


Agreements:


Proposal 1: TPMI-based TRP measurement (if adopted) can be performed with two antennas transmitting together as 1st priority. Phase impact should be studied.


Proposal 2: Whether TPMI-based TRP measurement can be performed with individual antenna separately, is FFS.


Issue 2-1-4: Whether TPMI 0~1 should be considered for single-layer UL MIMO TRP testing


Agreements:


Consider to not adopting TPMI indexes 0 and 1 individually, since these single port antenna schemes are less relevant to 2Tx TRP.








Issue 2-1-5: Proper fixed TPMI index for single-layer UL MIMO TRP testing


Agreements:


 Whether a single TPMI index can be used to measure TRP in UL MIMO is FFS


Issue 2-1-6: Dynamic TPMI selection for TRP testing


Agreements: 


FFS whether define a methodology to optimize EIRP based on TPMI selection


Issue 2-1-7: 2Tx test method applicability (TRP)


Agreements: 


Applicability of TPMI-based TRP testing (if adopted) should be defined.


Issue 2-1-8: TRP and TRS test configurations for UE configured with 2Tx


Agreements: 


RAN4 should further study whether TRP and TRS test methods and requirements should be defined based on the same set of configurations, i.e., 1Tx TRP and TRS, 2Tx TRP and TRS. FFS applicability of test methods and requirements








Initial Conditions�
�
Test Environment as specified in TS 38.508-1 [5] subclause 4.1�
Normal, TL/VL, TL/VH, TH/VL, TH/VH�
�
Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1�
Low range, Mid range, High range�
�
Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1�
Lowest, Mid, Highest�
�
Test SCS as specified in Table 5.3.5-1�
Lowest, Highest�
�
Test Parameters�
�
Test ID�
Downlink Configuration�
Uplink Configuration�
�
�
N/A for maximum output �
Modulation (NOTE 2)�
RB allocation (NOTE 1)�
�
1�
power test case�
DFT-s-OFDM PI/2 BPSK�
Inner Full�
�
2�
�
DFT-s-OFDM PI/2 BPSK�
Inner 1RB Left�
�
3�
�
DFT-s-OFDM PI/2 BPSK�
Inner 1RB Right�
�
4�
�
DFT-s-OFDM QPSK�
Inner Full�
�
5�
�
DFT-s-OFDM QPSK�
Inner 1RB Left�
�
6�
�
DFT-s-OFDM QPSK�
Inner 1RB Right�
�
NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.


NOTE 2:	DFT-s-OFDM PI/2 BPSK test applies only for UEs which supports half Pi BPSK in FR1.�
�






If the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2 apply for at least one antenna connector for the power class as indicated by the ue-PowerClass field in capability signalling with the following exception: for UEs indicating txDiversity-r16, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass. 


A UE indicating the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the requirement in clause 6.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission on a single antenna port.








Issue 2-2-1: How to ensure TxD mode under OTA testing


Agreement:


RAN4 further discuss how to ensure stable TxD mode under OTA testing. An LS to RAN5 to seek more information is helpful for RAN4 discussion on this topic.








6.2G.1		UE maximum output power for Tx Diversity


For UE supporting Tx Diversity, the maximum output power as indicated by UE power class in Table 6.2.1-1 is defined as the sum of the maximum output power from both UE antenna connectors. The period of measurement shall be at least one sub frame (1 ms).


When a UE indicates PC1.5 for a given band it achieves maximum power by means of TxD in the current version of the spec.








Agreements: 


Proposal 1: Adopt the same TRP and TRS calculation equation (in Clause 6.2.1 and 7.2.1 in TS 38.161 v17.0.0) for Handheld UE to calculate TRP and TRS for RedCap devices. 


Proposal 2: This WI should concentrate on defining test methodology and performance criteria for wrist worn watches. Further discuss and confirm the “watch” definition, following the same conclusion for “watch” in Rel-17 RedCap WI is needed.


Proposal 3: New measurement parameters for each NR band should be defined for FR1 RedCap TRP TRS OTA testing. 


Proposal 4: Introduce forearm phantom for FR1 wearable device measurement and keep close coordination with CTIA on this topic, WI rapporteur coordinate with CTIA certification on whether new LS is needed . 


Proposal 5: The legacy TRP/TRS test method and test system for smartphone can be reused for RedCap devices as much as possible. Other aspects like new phantom positioning and new measurement grid should also be considered. 








Issue 1-2-1: Channel Bandwidth for TRP TRS test


Agreements


Select one channel bandwidth per band for TRP and TRS tests for NR FR1. Default channel bandwidth is mid channel bandwidth defined in TS 38.508-1 Table 4.3.1.0A-1, but another bandwidth can be considered on case by case basis based on operators’ requests.


Further check detailed parameters for specific band is needed








Issue 1-2-2: Test parameters requested from operator/vendors


Agreements


Update the following channel bandwidth 


20MHz for n28


100MHz for n41/n77/n78/n79 








Issue 2-4-1: Scope management for CA test methods


Agreements: 


Proposal 1: Follow guidance from Vice Chair when moderate the Rel-18 OTA WID discussion that CA test method can be discussed as 2nd priority based on contribution driven 


Proposal 2: RAN4 should firstly conclude work on all first-priority methodology enhancement objectives.











