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Introduction
Requirements and issues identified so far for 4Tx have been further discussed in last RAN4 meeting [1]. 
This contribution provides our further analysis on 4Tx RF requirements.
Discussion
SAR/MPE compliance
Two options for SAR compliance have been discussed in last meeting. 
· Option 1: Only consider P-MPR approach for CPE/FWA/vehicle/industrial devices 
· Option 2: Confirm existing solutions including P-MPR and UL dutycycle scheme for CPE/FWA/vehicle/industrial devices since P-MPR number is flexible and dutycycle is or optional. 
For HPUE, P-MPR is always the baseline solution to address the SAR issue. While for UL dutycycle, as an optional solution, we are open to consider it for CPE/FWA/vehicle/industrial devices to support 4Tx. What matters is how UE report the optional capability and how to reflect it in the specification.
Proposal 1: UL dutycycle as an optional solution to address the SAR/MPE issue could be considered for CPE/FWA/vehicle/industrial devices supporting 4Tx.
Fallback power class and applicable requirements for PC1.5
Power class fallback has been in the WF as well, where it is proposed consider dual Tx PC2 requirement as the fallback requirement for 4Tx PC1.5, however, companies think more consideration is needed for the fallback issue. 
Regarding power class fallback, several aspects have been mentioned during the discussion, which are listed as below:
· Whether both PC2 and PC3 should be considered as fallback power class as they could be affected by UL dutycycle and Pmax. 
· Whether both 1 layer as well as 2 layer should be supported for the fallback power class
· Whether PA configuration other than 4x23dBm should be considered for the fallback power class
In our view, if UL dutycycle capability is considered, PC2 should be considered for the fallback mode. While considering Pmax could be utilized for some specific scenarios, the fallback power class could also be extended to PC3. 
As for supported MIMO layer, we see no limitation for the fallback power class, which depends on UE capability. 
For the possible PA configuration, since it is agreed in RAN4#104e that in current phase we should focus on the 4x23dBm implementation for PC1.5, we think there is no need to consider other PA configurations, e.g. 2x26dBm, for the fallback power class, at least for the discussion in phase 1.
Proposal 2: Both PC2 and PC3 could be considered for the fallback power class and PA configuration of 2x26dBm or 23+26dBm is not considered during the discussion for the applicable requirements for fallback power class in phase 1.
MPR/A-MPR
The following MPR values are proposed in last meeting but no agreement yet. 
Table 1: Maximum power reduction (MPR) for power class 1.5
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ [2]
	≤ 0.5

	
	QPSK
	≤ 6.5
	≤ [2.5]
	≤ 0.5

	
	16 QAM
	≤ 6.5
	≤ [3.5]
	≤ 1.5

	
	64 QAM
	≤ 6.5
	≤ [4]
	≤ 3.5

	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ [6.5]

	CP-OFDM
	QPSK
	≤ 6.5
	≤ [4.5]
	≤ 2

	
	16 QAM
	≤ 6.5
	≤ [4.5]
	≤ 2.5

	
	64 QAM
	≤ 6.5
	≤ [5]
	≤ 4.5

	
	256 QAM
	≤ 8.5
	≤ 8.5
	≤ [8.5]


Table 2: Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 10dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 8.0
	≤ 3.0
	≤ 2.0

	
	QPSK
	≤ 8.5
	≤ 3.5
	≤ 2.0

	
	16 QAM
	≤ 8.5
	≤ 4.0
	≤ 2.5

	
	64 QAM
	≤ 8.5
	≤ 4.7
	≤ 4.5

	
	256 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	CP-OFDM
	QPSK
	≤ 9.5
	≤ 5.0
	≤ 3.5

	
	16 QAM
	≤ 9.5
	≤ 5.0
	≤ 4.0

	
	64 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	
	256 QAM
	≤ 9.5
	≤ 9.5
	≤ 9.5


Table 3: Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 20dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 7.5
	≤ 1.5
	≤ 0.5

	
	QPSK
	≤ 8.0
	≤ 2.0
	≤ 0.5

	
	16 QAM
	≤ 8.0
	≤ 2.5
	≤ 1.5

	
	64 QAM
	≤ 8.0
	≤ 3.0
	≤ 3.0

	
	256 QAM
	≤ 8.0
	≤ 6.0
	≤ 6.0

	CP-OFDM
	QPSK
	≤ 8.0
	≤ 3.5
	≤ 2.0

	
	16 QAM
	≤ 8.0
	≤ 3.5
	≤ 2.5

	
	64 QAM
	≤ 8.0
	≤ 5.0
	≤ 5.0

	
	256 QAM
	≤ 8.0
	≤ 8.0
	≤ 8.0


Table 1 is the current MPR requirement for PC1.5 with dual Tx in Table 6.2D.2-2 of existing spec. 
[bookmark: _Hlk115085217]It is noted that one set of MPR is targeted to large FWA form factor with larger antenna isolation. Though it was agreed that for 4Tx MPR requirement, the high antenna isolation compared to handheld UE is assumed for CPE and FWA device, we doubt the antenna isolation could be the same as that for 2Tx CPE/FWA UE for 4Tx UE even it could still be better than a handheld UE. According the previous experience in defining the multi-Tx MPR requirements, as RIMD would definitely to have impact on the requirement, it is expected that the MPR for 4Tx could be worse than 2Tx. 
The MPR requirement is also related to the other unsolved issue, i.e. whether one set of requirements should be defined for CPE/FWA/vehicle/industrial devices, or treat Vehicular UE separately according to the previous agreement that it has same antenna isolation as handheld UE. We prefer to have one set of RF requirements for all these UE types supporting 4Rx, and would like to seek some tradeoff among all the proposed values. 
Proposal 3: It is proposed to have one set of MPR requirements for CPE/FWA/vehicle/industrial devices. Values in-between of the available proposals could be considered after further evaluation.

Overview of 4Tx requirements in phase 1
Apart from the aforementioned issues, to complete the 4Tx requirements in phase 1, the following aspects should be considered. Update is the applicable RF requirements for the fallback power classes.
1. The UL MIMO/TxD requirements in the specification are dual Tx based, which should be extended to 4Tx.
1. New 4Tx requirements, e.g. 4Tx MPR/A-MPR, 4 layer UL MIMO configurations, new ULFPTx mode 1 TPMIs, etc. should be added to the specification. 
1. Some spec limitations which are not applicable for 4Tx/4ports should be revised
1. Requirements for the fallback power classes due to UL dutycycle and Pmax

The table below lists the affected clauses in the spec to enable 4Tx in phase 1.
Table 1: 4Tx requirements for phase 1
	Clause
	Necessary changes in the spec

	6.1 General
	UL MIMO operation is extended to 4-port case

	[6.2.1 UE maximum output power]
	Applicable requirements for the fallback power classes 

	6.2.2	UE maximum output power reduction
	Clarify the MPR for PC1.5 is for dual Tx

	[bookmark: _Toc84413527][bookmark: _Toc84404918][bookmark: _Toc83580409][bookmark: _Toc76718099][bookmark: _Toc76509109][bookmark: _Toc75467087][bookmark: _Toc69084078][bookmark: _Toc68230665][bookmark: _Toc61372724][bookmark: _Toc61367341][bookmark: _Toc45888699][bookmark: _Toc45888100]6.2.4	Configured transmitted power
	Clarify the MPR for PC1.5 is for dual Tx

	[bookmark: _Toc84413571][bookmark: _Toc84404962][bookmark: _Toc83580453][bookmark: _Toc76718143][bookmark: _Toc76509153][bookmark: _Toc75467131][bookmark: _Toc69084121][bookmark: _Toc68230708][bookmark: _Toc61372767][bookmark: _Toc61367384][bookmark: _Toc45888739][bookmark: _Toc45888140][bookmark: _Toc37251325][bookmark: _Toc36107559][bookmark: _Toc29802817][bookmark: _Toc29802192][bookmark: _Toc29801768][bookmark: _Toc21344282]6.2D.1	UE maximum output power for UL MIMO
	1. Remove the restriction of sum output power from two transmit antenna connectors
2. Introduce UL MIMO configuration for 4 layer
3. Update MIMO configuration for ULFPTx mode 1
4. Clarify that requirements for feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 are based on dual Tx. Phase 2 requirements are FFS

	6.2F.2D	UE maximum output power reduction for UL MIMO
	1. Clarify the MPR for PC1.5 is for dual Tx
2. New MPR for PC1.5 with 4Tx

	6.2F.3D	UE additional maximum output power reduction for UL MIMO
	1. Remove the restriction of sum output power from two transmit antenna connectors
2. Clarify the MPR for PC1.5 is for dual Tx

	[bookmark: _Toc84413610][bookmark: _Toc84405001][bookmark: _Toc83580492]6.2G.1	UE maximum output power for Tx Diversity
	Remove the restriction of sum output power from two transmit antenna connectors

	[bookmark: _Toc84413611][bookmark: _Toc84405002][bookmark: _Toc83580493]6.2G.2	UE maximum output power reduction for Tx Diversity
	1. Remove the restriction of sum output power from two transmit antenna connectors
2. Clarify the MPR for PC1.5 is for dual Tx

	[bookmark: _Toc84413681][bookmark: _Toc84405072][bookmark: _Toc83580563][bookmark: _Toc76718242][bookmark: _Toc76509252][bookmark: _Toc75467230][bookmark: _Toc69084220][bookmark: _Toc68230807][bookmark: _Toc61372860][bookmark: _Toc61367477][bookmark: _Toc45888812][bookmark: _Toc45888213][bookmark: _Toc37251365][bookmark: _Toc36107599][bookmark: _Toc29802857][bookmark: _Toc29802232][bookmark: _Toc29801808][bookmark: _Toc21344322]6.3D.1	Minimum output power for UL MIMO
	Remove the restriction of sum output power from two transmit antenna connectors

	[bookmark: _Toc84413684][bookmark: _Toc84405075][bookmark: _Toc83580566][bookmark: _Toc76718245][bookmark: _Toc76509255][bookmark: _Toc75467233][bookmark: _Toc69084223][bookmark: _Toc68230810][bookmark: _Toc61372863][bookmark: _Toc61367480][bookmark: _Toc45888815][bookmark: _Toc45888216][bookmark: _Toc37251368][bookmark: _Toc36107602][bookmark: _Toc29802860][bookmark: _Toc29802235][bookmark: _Toc29801811][bookmark: _Toc21344325]6.3D.4	Power control for UL MIMO
	Same as above 

	[bookmark: _Toc84413872][bookmark: _Toc84405263][bookmark: _Toc83580754][bookmark: _Toc76718416][bookmark: _Toc76509426][bookmark: _Toc75467404][bookmark: _Toc69084394][bookmark: _Toc68230981][bookmark: _Toc61373032][bookmark: _Toc61367649][bookmark: _Toc45888951][bookmark: _Toc45888352][bookmark: _Toc37251472][bookmark: _Toc36107698][bookmark: _Toc29802956][bookmark: _Toc29802331][bookmark: _Toc29801907][bookmark: _Toc21344420]6.5D.1	Occupied bandwidth for UL MIMO
	Same as above

	[bookmark: _Toc84413873][bookmark: _Toc84405264][bookmark: _Toc83580755][bookmark: _Toc76718417][bookmark: _Toc76509427][bookmark: _Toc75467405][bookmark: _Toc69084395][bookmark: _Toc68230982][bookmark: _Toc61373033][bookmark: _Toc61367650][bookmark: _Toc45888952][bookmark: _Toc45888353][bookmark: _Toc37251473][bookmark: _Toc36107699][bookmark: _Toc29802957][bookmark: _Toc29802332][bookmark: _Toc29801908][bookmark: _Toc21344421]6.5D.2	Out of band emission for UL MIMO
	Same as above

	[bookmark: _Toc84413874][bookmark: _Toc84405265][bookmark: _Toc83580756][bookmark: _Toc76718418][bookmark: _Toc76509428][bookmark: _Toc75467406][bookmark: _Toc69084396][bookmark: _Toc68230983][bookmark: _Toc61373034][bookmark: _Toc61367651][bookmark: _Toc45888953][bookmark: _Toc45888354][bookmark: _Toc37251474][bookmark: _Toc36107700][bookmark: _Toc29802958][bookmark: _Toc29802333][bookmark: _Toc29801909][bookmark: _Toc21344422]6.5D.3	Spurious emission for UL MIMO
	Same as above

	[bookmark: _Toc84413875][bookmark: _Toc84405266][bookmark: _Toc83580757][bookmark: _Toc76718419][bookmark: _Toc76509429][bookmark: _Toc75467407][bookmark: _Toc69084397][bookmark: _Toc68230984][bookmark: _Toc61373035][bookmark: _Toc61367652][bookmark: _Toc45888954][bookmark: _Toc45888355][bookmark: _Toc37251475][bookmark: _Toc36107701][bookmark: _Toc29802959][bookmark: _Toc29802334][bookmark: _Toc29801910][bookmark: _Toc21344423]6.5D.4	Transmit intermodulation for UL MIMO
	Same as above

	7.3D	 Reference sensitivity for UL MIMO
	Same as above

	7.3G	Reference sensitivity for Tx Diversity
	Same as above

	[bookmark: _Toc84413989][bookmark: _Toc84405380][bookmark: _Toc83580871][bookmark: _Toc76718524][bookmark: _Toc76509534][bookmark: _Toc75467512][bookmark: _Toc69084499][bookmark: _Toc68231086][bookmark: _Toc61373136][bookmark: _Toc61367753][bookmark: _Toc45889027][bookmark: _Toc45888428]7.4D	Maximum input level for UL MIMO
	Same as above

	[bookmark: _Toc84413999][bookmark: _Toc84405390][bookmark: _Toc83580881][bookmark: _Toc76718534][bookmark: _Toc76509544][bookmark: _Toc75467522][bookmark: _Toc69084509][bookmark: _Toc68231096][bookmark: _Toc61373146][bookmark: _Toc61367763][bookmark: _Toc45889037][bookmark: _Toc45888438]7.5D	Adjacent channel selectivity for UL MIMO
	Same as above

	[bookmark: _Toc84414031][bookmark: _Toc84405422][bookmark: _Toc83580913][bookmark: _Toc76718566][bookmark: _Toc76509576][bookmark: _Toc75467554][bookmark: _Toc69084541][bookmark: _Toc68231128][bookmark: _Toc61373178][bookmark: _Toc61367795][bookmark: _Toc45889066][bookmark: _Toc45888467][bookmark: _Toc37251546][bookmark: _Toc36107772][bookmark: _Toc29803030][bookmark: _Toc29802405][bookmark: _Toc29801981][bookmark: _Toc21344493]7.6D	Blocking characteristics for UL MIMO
	Same as above

	7.7D	Spurious response for UL MIMO
	Same as above

	[bookmark: _Toc84414071][bookmark: _Toc84405462][bookmark: _Toc83580953][bookmark: _Toc76718606][bookmark: _Toc76509616][bookmark: _Toc75467594][bookmark: _Toc69084581][bookmark: _Toc68231168][bookmark: _Toc61373218][bookmark: _Toc61367835][bookmark: _Toc45889095][bookmark: _Toc45888496]7.8D	Intermodulation characteristics for UL MIMO
	Same as above



A draft CR provided in last meeting [2] is to facilitate the discussion of 4Tx requirements in phase 1, which can be further revised during the discussion. 
Conclusion
This contribution provides our further consideration for 4Tx requirements. 
Proposal 1: UL dutycycle as an optional solution to address the SAR/MPE issue could be considered for CPE/FWA/vehicle/industrial devices supporting 4Tx.
Proposal 2: Both PC2 and PC3 could be considered for the fallback power class and PA configuration of 2x26dBm or 23+26dBm is not considered during the discussion for the applicable requirements for fallback power class in phase 1.
Proposal 3: It is proposed to have one set of MPR requirements for CPE/FWA/vehicle/industrial devices. Values in-between of the available proposals could be considered after further evaluation.
A draft CR provided in last meeting [2] is to facilitate the discussion of 4Tx requirements in phase 1.
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