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Introduction
RF requirements for UE supporting 4Tx have been discussed for several meetings, and latest WF can be found at [1]. 
According to the WID, the requirements for 4Tx are split to two phases, and the 1st phase is focused on 4x4 MIMO with 4x23dBm implementation for PC1.5. Since there is agreement for fallback power class in last meeting, in our view, the main remaining requirement is 4Tx MPR for phase 1. Though there are some other issues in the WF, we think no specific requirements should be specified to address these issues, but clarification would be enough. 
In this contribution, we’d like to provide our views on issues in the WF for 4Tx. 
Discussion
Remaining issues for phase 1
For the issue of power class, options are listed in the WF as below:
Issue 1-2-1: Whether 4Tx UE need to keep power class capability when configured with different antenna ports, i.e.4/2/1 
· WF
· Confirm the following understanding:
· The power class of a UE is a static value depending on reporting and not subject to change for different configurations
· The maximum output power achievable and applicable requirements are related to configuration and implementation
· How to accommodate the maximum achievable output power aspect into spec is FFS
The supported power class is reported as UE capability. The case is similar to UL MIMO discussed in Rel-15 and ULFPTx specified in Rel-16. Though the WI target is for 4 layer MIMO, but UE also needs to pass the test for single antenna port transmission for the output power. In this sense, no matter the 4Tx UE is configured for single port transmission, 4 ports or 2 ports, the maximum output power shall be kept unchanged, which depends on the reported power class. Therefore, we think option 1 for issue 1-2-1 in WF [1] is the reasonable choice. 
Proposal 1: Confirm the understanding that for 4Tx UE, the power class is a static value depending on reporting and not subject to change for different configurations
For the following issue 1-2-2, with proposal 1, we think there is no need to consider new requirements. When the UE fall back to a lower power class, we have agreement that how many Tx is utilized for the power class is up to UE implementation. In our understanding, the applicable requirements should be matched with the UE implementation, but no spec impact is foreseen for such case.
Issue 1-2-2: Whether Issue 1-2-1 need to be specified?  If yes, how?
· Proposals
· Proposal 1: Treat existing 2Tx PC2 and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5.
· Proposal 2: Verify full power rank2 UL operation.
· Others.
· Recommended WF
· FFS for next meeting on configurations need to be verified 
Regarding the verification of full power rank 2 UL operation, we think that may not be necessary. While for ULFPTx, since only 4x23dBm is considered for phase 1, we don’t think that any additional measurement is needed besides the normal 4 layer test with TPMI index 0.
Proposal 2: No need to consider verification of full power rank2 UL operation.
The most important requirement to be specified for phase 1 is MPR. There are two options discussed in the previous meetings, i.e. one set of MPR for all UE types considered in the WI, or two sets of MPR with one set for UE with antenna isolation of 10dB and the other set for larger isolation. The main justification for two sets of MPR is that there was an agreement has been reached before for the possible antenna isolation assumptions for different UE types. We can compromise to two set of MPR requirements and follow the previous agreement. In addition, as commented by some companies that the reverse IMD for 4Tx could be worse than 2Tx, it is expected that the MPR for 4Tx is larger than 2Tx for the same power class. Given the proposed values, we think the merged version could be considered for the final MPR. Table 1 and Table 2 are the values based on proposals in [2][3].
Table 1. MPR for power class 1.5 with 4 Tx x (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 2. MPR for power class 1.5 with 4 Tx x (Antenna Isolation = 20dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 7.5
	[≤ 2.0]
	≤ 0.5

	
	QPSK
	≤ 8.0 
	[≤ 2.5] 
	≤ 0.5 

	
	16 QAM
	≤ 8.0
	[≤ 3.5] 
	≤ 1.5 

	
	64 QAM
	≤ 8.0 
	[≤ 4.0]
	[≤ 3.5]

	
	256 QAM
	≤ 8.0 
	[≤ 6.5] 
	[≤ 6.5]

	CP-OFDM
	QPSK
	≤ 8.0 
	[≤ 4.5]
	≤ 2.0 

	
	16 QAM
	≤ 8.0 
	[≤ 4.5] 
	≤ 2.5 

	
	64 QAM
	≤ 8.0 
	≤ 5.0 
	≤ 5.0 

	
	256 QAM
	[≤ 8.5] 
	[≤ 8.5] 
	[≤ 8.5]


Proposal 3: It is proposed to agree the MPR requirements as above in Table 1 and Table for different antenna isolation assumptions.
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. 
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

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

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

	7.3D	 Reference sensitivity for UL MIMO
	Same as above

	7.3G	Reference sensitivity for Tx Diversity
	Same as above
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	Same as above
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	Same as above
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	Same as above

	7.7D	Spurious response for UL MIMO
	Same as above
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	Same as above

	F.8		EVM measurement
	Extend the TxD EVM from 2Tx to 4Tx based on agreed WF


A draft CR provided in [2] is to facilitate the discussion of 4Tx requirements in phase 1, which can be further revised during the discussion. 
Conclusion
[bookmark: _GoBack]This contribution provides further consideration for UE RF requirements for 4Tx.
Proposal 1: Confirm the understanding that for 4Tx UE, the power class is a static value depending on reporting and not subject to change for different configurations 
Proposal 2: No need to consider verification of full power rank2 UL operation.
Proposal 3: It is proposed to agree the MPR requirements as above in Table 1 and Table for different antenna isolation assumptions.
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