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1. Introduction
RAN4 Rel-19 items will be discussed in Sep 2023 for collecting views, and then in Dec 2023 the Rel-19 package will be determined. This paper will show our views on some of the interested items mainly include the 3Tx and antenna related enhancements.
2. [bookmark: _Hlk126176045]Discussion
2.1 3Tx enhancement
2.1.1 Rel-18 status
3Tx for inter-band UL CA together with low band 4Rx work item for Rel-18 was approved in Dec 2022 [1]. And in the past half year, it has been approved that these two features are very useful in the real NW and have been commercialized in for example north America and China even before the requirements are complete [2,3]. The urgent deployment demands and interests of these features call for further enhancements in Rel-19. Below will discuss some of the aspects that need to be enhanced.

Observation 1:   3Tx for inter-band CA/ENDC and low band 4Rx both have been successfully commercialized in several regions, and it is justified the usefulness of these two features.

Observation 2:   The urgent demands for the 3Tx in the market has called for the enhancements in Rel-19.

In Rel-18, the 3Tx is only for inter-band UL CA/ENDC with 1Tx in one band and 2Tx in the other band. And the power configurations include below cases in table 1. And it was limited to FWA devices in Rel-18 to give companies more time to prepare for the handheld UE.

Table 1 Power configurations of Rel-18 3Tx inter-band CA/ENDC
	·  CA power class or EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
· CA power class or EN-DC power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)



Observation 3:   3Tx in Rel-18 has only considered limited cases like power combinations, band combinations, and UE types.

2.1.2 Rel-19 enh for 3Tx inter-band UL CA/ENDC
The enhancements for inter-band UL CA/ENDC with 1Tx in one band and 2Tx in the other band to be considered in Rel-19 can include below aspects.

1) UE type
The UE type in Rel-18 is only for FWA device, and in Rel-19, the handheld UE will be considered.

2) Power combinations
For the power combinations, in Rel-18 only PC3+PC2 and PC3+PC1.5 were considered to limit the scope. And more power combinations were proposed in the beginning which were also interested by many companies. Below table lists the potential combinations that can be supported by this 3Tx inter-band UL CA, but of course the final power combinations in Rel-19 WID will be determined based on commercial interests.

Table 2 Power combinations for PC2 in total with 3Tx inter-band UL CA/ENDC
	PC2 in total
	band A 1Tx

	
	FDD PC3
	FDD PC2
	TDD PC3
	TDD PC2

	band B 2Tx
	FDD PC3
	
	
	
	

	
	FDD PC2
	R19
	
	R19
	R19

	
	TDD PC3
	R18
	
	
	

	
	TDD PC2
	R18
	
	R18
	R19



Table 3 Power combinations for PC1.5 in total with 3Tx inter-band UL CA/ENDC
	PC1.5 in total
	band A 1Tx

	
	FDD PC3
	FDD PC2
	TDD PC3
	TDD PC2

	band B 2Tx
	FDD PC2
	N/A
	
	N/A
	R19

	
	TDD PC2
	N/A
	R19
	N/A
	R19

	
	TDD PC1.5
	R18
	R19
	R19
	R19




Observation 4:   Handheld UE for 3Tx in inter-band cases can be supported in Rel-19.

Observation 5:   More power combinations can be supported with total power class 2 or 1.5 for 3Tx in inter-band cases in Rel-19 based on market/operator interests.

3) Increased higher power limit for 3Tx
[bookmark: _Hlk142499412]In Rel-18, the increased higher power limit was also proposed and with high interest from the industry since UE with 3PAs can generate higher Tx power than the power class limitations inherently like PC3+PC2 or PC3+PC1.5. And there is no reason to prohibit UE from fully utilize its ability if it can do that. Therefore, in Rel-19, it is proposed to introduce the increased higher power limit for 3Tx with inter-band UL CA/ENDC as an optional feature.

Observation 6:   Increased higher power limit for 3Tx with inter-band case can be supported in Rel-19 to fully utilize its ability in boosting Tx power.

2.1.3 Rel-19 enh for 3Tx in single CC or intra-band UL CA
In current commercialized UE, the RFIC can support two LOs as shown in figure 1. And it can support 3Layer UL MIMO or single Layer TxD in one band including single CC operation or intra-band UL CA. This is a promising enhancement in improving the power abilities and throughput.

Therefore, 3Layer UL MIMO and TxD can be supported for FWA devices in single CC or intra-band UL CA.

[image: ]
Figure 1 The RFIC architecture of commercialized 3Tx UE

Observation 7:   Current commercialized UE can support 3Layer UL MIMO and TxD which needs to be defined in Rel-19


Proposal 1:   	Below enhancements should be considered in Rel-19 3Tx enhanced WI.
· Introduce Handheld UE for 3Tx in inter-band UL CA/ENDC.
· Introduce more power combinations with total power class 2 or 1.5 for 3Tx inter-band CA/ENDC (exact power combinations are based on market/operator interests).
· Introduce increased higher power limit for 3Tx with inter-band case can be supported in Rel-19 to fully utilize its ability in boosting Tx power.
· Introduce 3Layer UL MIMO and 3TxD for single CC and intra-band UL CA with FWA form factor

2.2 3Tx basket WI
After the Rel-18 3T4R WI was introduced, the demands for introducing more band combinations to the WID have kept showing in every RAN plenary meeting [4,5,6,7]. And it was clarified that the demands for some band combinations are quite urgent since the commercialization for the 3Tx inter-band UL CA is to be started in some country. With this situation, the 3Tx basket WI is considered in Rel-18 timeframe, and if this is not approved, then it needs to be included in Rel-19.

Observation 8:   The demands of introducing more 3Tx band combinations are quite urgent in Rel-18 due to commercialization is to be started very soon or even has started in some countries.

Proposal 2:   	Introduce the 3Tx basket WI in Rel-18 timeframe, if not approved then it should be included in Rel-19.

2.3 OTA based MSD interference evaluation
[bookmark: _Hlk142503002]As discussed in [8,9], MSD has been specified in current spec with consideration of the impact from antenna coupling, e.g. Tx interference signals transmitted from main antenna absorbed by diversity antennas and caused the sensitivity degradation. This is to mimic the situation of UE in the field. 

[bookmark: _Hlk142551179][bookmark: _Hlk142503167]However, the RF requirements in current 38.101-1 are conducted requirements which will be tested in conduct mode. This means the interference caused by antenna coupling will be missing in the conformance tests and UE certifications as shown in below figure 2. The current UE test results cannot meet the goal of the requirements were defined for, and MSDs are under-estimated than it is in the real field.



Figure 2 Antenna coupling interference will be missing if test with conduct mode

Observation 9:   RAN4 has defined MSD with consideration of antenna coupling interferences, however, the requirements in 38.101-1 are tested in conducted mode which makes the antenna coupling interference will be missing in the tests.

In table 4, the antenna coupling impacts to UE MSD performance are calculated, and different PCB isolations are used here considering different UE implementations. From the results, it can be seen the antenna coupling has big impact to MSD especially when the PCB isolation is large. If we consider the PCB isolation in real UE is 80dB, then the current conducted MSD test will mean UE performance are over-estimated by 1dB for harmonics, 2.2dB for IMD2, 9.8dB for harmonic mixing, and 10dB for the cross-band leakage. 

Table 4 Antenna coupling impact to MSD tests
	OTA MSD – Conduct MSD
(with antenna coupling MSD  -  w/o antenna coupling MSD)

	PCB isolation 
	65dB
	70dB
	80dB
	90dB

	Harmonics
(CA_n3-n78, with PC2@n3 Tx)
	0
	0.1
	1.1
	4.6

	Harmonic mixing
(CA_n28-n78, with PC2 in total)
	0.9
	2.7
	9.8
	18

	IMD
(CA_n3-n78, with PC2@n3 Tx)
	0.3
	1
	2.1
	1.5

	Cross band leakage
(CA_n41-n77, with PC2@n41)
	10
	10
	10
	10



Observation 10: Current MSD conduct tests cannot meet the goal of the requirements that were defined for, and will underestimate the real interferences.

Therefore, if RAN4 sticks to the scenario that the MSDs were defined with antenna coupling being accounted, then it shall be tested with OTA based method to evaluate the real antenna coupling impacts instead of conducted test. 

[bookmark: _Hlk142557299]And the MSD test conditions like peak EIRP based or TRP based testing needs to be studied considering the antenna patterns for the two bands are different. Meanwhile, how to make sure the test time is not too big is also important which need to be considered in the OTA based MSD tests.

[bookmark: _Hlk142557489]Observation 11: MSD test conditions like peak EIRP based or TRP based needs to be studied considering the antenna patterns for the two bands are different. Meanwhile, how to make sure the test time is not too big is also important aspect.

Proposal 3:   	Introduce the OTA based MSD evaluation item in Rel-19 consider following contents.
· Study OTA based MSD test requirements like peak EIRP/EIS based or TRP/TRS based with consideration of different antenna pattern impacts
· Study the OTA test system impacts and reuse current OTA chamber as much as possible
· Study the test time reduction approaches to keep the whole test in a considerable amount


2.4 Directional NTN handheld UE antenna evaluation
The link budget for NTN is quite challenging especially for handheld UE in the UL. And to boost the Tx power, directional antenna radiation pattern is a good choice since UE can get some positive antenna gain from it. This is different from current antenna design in sub-6GHz bands. 

Note: To make sure handheld UE can connect to gNB in all directions in TN networks, UE spherical antenna radiation pattern is usually adopted. However, this makes the antenna can only get efficiency loss instead of positive antenna gain, i.e. the Tx power is reduced after going through the antenna. 

As shown in figure 3, UE can use part of the antenna spherical to connect to the NTN satellite, and usually the connection is via LOS signals. This gives chance to optimise certain region of NTN handheld UE radiation pattern and derive some power gain from it. 

Therefore, for NTN antenna performance (NTN UE OTA) evaluation in sub-6GHz bands, it could change from the traditional TRP/TRS concepts to regional OTA requirements or EIRP/EIS CDF based approach just like mmW has done. 

[image: ]
Figure 3 NTN UE connecting to satellite with certain region

Observation 12: NTN UL link budget is bottleneck for handheld UE, and directional antenna pattern design is one way to get positive antenna gain and boost UE Tx power. 

Observation 13: Directional NTN handheld UE antenna pattern is different from current TN handheld UE where spherical TRP is the required and the antenna overall will cause efficiency loss instead of gain.

Proposal 4:   	For NTN handheld UE in sub-6GHz bands, study regional EIRP/EIS requirements or CDF based approach to evaluate the UE antenna performance.

3. Conclusions
In this contribution, serval interested items are analyzed including the 3Tx enhancements, 3Tx basket WI, and Antenna related enhancements like OTA MSD and directional NTN antenna evaluation.

· 3Tx enhancement

Observation 1:   3Tx for inter-band CA/ENDC and low band 4Rx both have been successfully commercialized in several regions, and it is justified the usefulness of these two features.

Observation 2:   The urgent demands for the 3Tx in the market has called for the enhancements in Rel-19.

Observation 3:   3Tx in Rel-18 has only considered limited cases like power combinations, band combinations, and UE types.

Observation 4:   Handheld UE for 3Tx in inter-band cases can be supported in Rel-19.

Observation 5:   More power combinations can be supported with total power class 2 or 1.5 for 3Tx in inter-band cases in Rel-19 based on market/operator interests.

Observation 6:   Increased higher power limit for 3Tx with inter-band case can be supported in Rel-19 to fully utilize its ability in boosting Tx power.

Observation 7:   Current commercialized UE can support 3Layer UL MIMO and TxD which needs to be defined in Rel-19

Proposal 1:   	Below enhancements should be considered in Rel-19 3Tx enhanced WI.
· Introduce Handheld UE for 3Tx in inter-band UL CA/ENDC.
· Introduce more power combinations with total power class 2 or 1.5 for 3Tx inter-band CA/ENDC (exact power combinations are based on market/operator interests).
· Introduce increased higher power limit for 3Tx with inter-band case can be supported in Rel-19 to fully utilize its ability in boosting Tx power.
· Introduce 3Layer UL MIMO and 3TxD for single CC and intra-band UL CA with FWA form factor

· 3Tx basket WI

Observation 8:   The demands of introducing more 3Tx band combinations are quite urgent in Rel-18 due to commercialization is to be started very soon or even has started in some countries.

Proposal 2:   	Introduce the 3Tx basket WI in Rel-18 timeframe, if not approved then it should be included in Rel-19.

· OTA based MSD interference evaluation

Observation 9:   RAN4 has defined MSD with consideration of antenna coupling interferences, however, the requirements in 38.101-1 are tested in conducted mode which makes the antenna coupling interference will be missing in the tests.

Observation 10: Current MSD conduct tests cannot meet the goal of the requirements that were defined for, and will underestimate the real interferences.

Observation 11: MSD test conditions like peak EIRP based or TRP based needs to be studied considering the antenna patterns for the two bands are different. Meanwhile, how to make sure the test time is not too big is also important aspect.

Proposal 3:   	Introduce the OTA based MSD evaluation item in Rel-19 consider following contents.
· Study OTA based MSD test requirements like peak EIRP/EIS based or TRP/TRS based with consideration of different antenna pattern impacts
· Study the OTA test system impacts and reuse current OTA chamber as much as possible
· Study the test time reduction approaches to keep the whole test in a considerable amount

· Directional NTN handheld UE antenna evaluation

Observation 12: NTN UL link budget is bottleneck for handheld UE, and directional antenna pattern design is one way to get positive antenna gain and boost UE Tx power. 

Observation 13: Directional NTN handheld UE antenna pattern is different from current TN handheld UE where spherical TRP is the required and the antenna overall will cause efficiency loss instead of gain.

Proposal 4:   	For NTN handheld UE in sub-6GHz bands, study regional EIRP/EIS requirements or CDF based approach to evaluate the UE antenna performance.
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