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Introduction
WI on further enhancements of UE RF requirements was initially discussed in last RAN4 meeting and 4Tx is one of the major objectives [1]:
Some requirements have been discussed, but it is still unclear of the all affected requirements for UE supporting 4Tx.
This contribution provides our further analysis on 4Tx RF requirements.
Discussion 
Agreements for 4Tx
In the WF agreed in last meeting, some agreements were reached, which are the starting point for further discussion. Here we list the main aspects in the WF:
· ULFPTx mode 1 applied to 4x23dBm in the first stage and include its fall back modes in the second stage
· Do not consider 3-layer in this WI
· Accept the basic principle to define 4Tx requirements using methods for 2Tx requirements but develop the specific requirements on a case-by-case basis
· codebook for 4-layer 4x4 UL MIMO transmission
· 4Tx MPR requirement, the high antenna isolation compared to handheld UE is assumed for CPE and FWA device

Relation of TxD and ULFPTx mode 1 
During the discussion, it was agreed that ULFPTx mode 1 is prioritized for the phase 1 requirements with PA configuration 4x23dBm for PC1.5. However, TxD seems dropped for phase 1 scope. Some questions were raised how the UE reach the power class without TxD implementation. Clearly, there is no power class for UL MIMO. The power class PC1.5 discussed here is per band based, which is also applicable for single port transmission. If the assumption of PC1.5 for 4Tx is based on 4x23dBm, TxD is also necessary from implementation perspective. 
Observation 1: TxD is necessary for PC1.5 UE supporting 4Tx for 4x23dBm implementation assumption.
Proposal 1: TxD requirements shall be considered in phase 1 to support PC1.5 UE delivering the max output power.
Fallback power class and applicable requirements for PC1.5
PC2 and PC3 were ruled out from the phase 1 discussion in last meeting, however, the applicable requirements for PC2 as a fallback power class shall also be considered as pointed in [3]. 
WF and CR for PC1.5 fallback requirements were agreed in [4][5], but those are for 2Tx PC1.5 implementation. Since not MPR requirements for 4Tx PC1.5 are specified, the agreement in WF [4] is not applicable for the 4Tx case. 
Moreover, we think the dual Tx PC2 requirements are more proper to be considered as for the 4Tx PC1.5 fallback case. 
Observation 2: The applicable PC2 fallback MPR requirement agreed in last meeting is only for 2Tx PC1.5 case.
Proposal 2: It is proposed to consider dual Tx PC2 requirement as the fallback requirement for 4Tx PC1.5.
MPR/A-MPR
There are two sets for MPR requirements for PC1.5 with dual Tx in current specification. Tables below are cited from TS 38.101-1. 
Table 6.2D.2-2 Maximum power reduction (MPR) for power class 1.5 with dual Tx
	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 6.2D.2-3 Maximum power reduction (MPR) for power class 1.5 with dual Tx 
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ 1.5
	≤ 0

	
	QPSK
	≤ 6.5
	≤ 2
	≤ 0

	
	16 QAM
	≤ 6.5
	≤ 3
	≤ 1

	
	64 QAM
	≤ 6.5
	≤ 3.5
	≤ 3

	
	256 QAM
	≤ 6.5
	≤ 5.5
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 6.5
	≤ 4
	≤ 1.5

	
	16 QAM
	≤ 6.5
	≤ 4
	≤ 2

	
	64 QAM
	≤ 6.5
	≤ 4.5
	≤ 4

	
	256 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	NOTE 1:	This table is targeted to large FWA form factor with 20 dB or above antenna isolation.


[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. 
For measurement evaluation, the usual method is to evaluate based on some agreeable assumptions, an alternative way is to evaluate the possible implementation margin according to existing requirements. With this way, we think it would be more appropriate to use the requirements in Table 6.2D.2-2 as baseline to do the measurement evaluation. Certainly, the usual way is not precluded, which is subject to the further discussion on the evaluation assumptions. 
Proposal 3: It is proposed to use MPR in Table 6.2D.2-2 as baseline to do the measurement evaluation for PC1.5 with 4Tx.

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.
2. 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. 
3. 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

	[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
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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
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	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



A draft CR is provided in [6] 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. 
Observation 1: TxD is necessary for PC1.5 UE supporting 4Tx for 4x23dBm implementation assumption.
Observation 2: The applicable PC2 fallback MPR requirement agreed in last meeting is only for 2Tx PC1.5 case.
Proposal 1: TxD requirements shall be considered in phase 1 to support PC1.5 UE delivering the max output power.
Proposal 2: It is proposed to consider dual Tx PC2 requirement as the fallback requirement for 4Tx PC1.5.
Proposal 3: It is proposed to use MPR in Table 6.2D.2-2 as baseline to do the measurement evaluation for PC1.5 with 4Tx.
[bookmark: _GoBack]A draft CR is provided in [6] is to facilitate the discussion of 4Tx requirements in phase 1.
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