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Introduction
The WI of on Further RF requirements enhancement for NR and EN-DC in FR1 has been agreed and the latest version is in [1]. 
In RAN4#104-e, a WF was agreed in [2] in which a number of agreements were reached. In this paper, some further discussion is made based on the WF. 
Discussion
Configuration for ULFPTx
Background
In the WF, there is following agreement in the prioritized scope.
Agreement (GTW): 
· RAN4 agree to include ULFPTx mode 1 applied to 4x23dBm in the first stage and include its fall back modes in the second stage.
The following scope is prioritized and started in the first stage:
· Bands n41, n77/n78
· 4x4 UL MIMO, including: 4 layers; ULFPTx mode 1
· UE power class: PC1.5
· PA configuration: 4x23dBm
Others would still be considered, but after the requirements are complete for prioritized scope.
· Further clarify the definition of PC1.5 for 4Tx case
There is also the following agreement on UL-MIMO codebook:
· Agreement:
Using the following codebook for 4-layer 4x4 UL MIMO transmission:
· 
However, the details for ULFPTx mode1 is still not set yet, including layer number and codebook.
Layer number
There are 1-layer / 2-layer / 3-layer cases for ULFPTx mode 1. 
As agreed in last meeting’s WF, 3-layer would not be considered. Among the 1-layer / 2-layer operation, it is believed that for 1-layer operation verification can be a prioritized one and considered in the 1st stage, and 2-layer verification can be considered later.
Proposal 1: 1-layer configuration is used for ULFPTx mode 1 in the 1st stage.

Code Number
The following tables from 38.211 is used for layer 1 respectively.
[image: ]
Its reference is in TS 38.212 as in the following table:
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The red items in the 2nd table referenced the yellow high lightened codebooks in the 1st table. It can be seen that for both of the codebookSubset types, partialAndNonCoherent and nonCoherent would include TPMI = 13 as a common case, which corresponds to non-coherent case. So, it is natural to select this TPMI as the general configuration for ULFPTx mode 1.

Proposal 2: Using the following TPMI=13 (1 layer, ) for ULFPTx mode 1 verification.

Scope clarification and draft Text
CA related
Currently there is already intra-band UL contiguous CA for UL MIMO defined in 6.3H in 38.101-1. However, the UL-MIMO defined there is based on 2Tx only, and our understanding is 4Tx do not have to consider co-existed with CA in this WI. 
Proposal 3: Clarify 4Tx co-exist with CA do not included in this WI. 

Draft Text proposal
In addition, there was some brief extension principle discussed in [3] and defined in last meeting WF as following agreement:
Accept the basic principle but develop the specific requirements on a case-by-case basis.
Based on these, a very draft version of text proposal for 4Tx revision for 38.101-1 is attached. However, clause 6.2D is still kept FFS, since there is still some unsettled configurations, and some of the reference to the tables in clause 6.2D is also kept square brackets.
Proposal 4: A very draft text proposal attached in the Annex was submitted for review.

Conclusion
In this paper, some further discussion was done based on last meeting’s WF.
Proposal 1: 1-layer configuration is used for ULFPTx mode 1 in the 1st stage.

Proposal 2: Using the following TPMI=13 (1 layer, ) for ULFPTx mode 1 verification.
Proposal 3: Clarify 4Tx co-exist with CA do not included in this WI. 
Proposal 4: A very draft text proposal attached in the Annex was submitted for review.
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For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the minimum output power is defined as the sum of the mean power from both all transmit connector in one sub-frame (1 ms). The minimum output power shall not exceed the values specified in Table 6.3.1-1.
If 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 6.3.1 apply.
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The transmit OFF power is defined as the mean power at each transmit antenna connector in a duration of at least one sub-frame (1 ms) excluding any transient periods.
The transmit OFF power at each transmit antenna connector shall not exceed the values specified in Table 6.3.2-1.
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For UE supporting UL MIMO, the ON/OFF time mask requirements in clause 6.3.3 apply at each transmit antenna connector.
For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the general ON/OFF time mask requirements specified in clause 6.3.3.1 apply to each transmit antenna connector. The requirements shall be met with the UL MIMO configurations described in clause 6.2D.1.
If 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 6.3.3 apply.
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For UE supporting UL MIMO, the power control tolerance applies to the sum of output powers from both all transmit antenna connector.
The power control requirements specified in clause 6.3.4 apply to UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme. The requirements shall be met with UL MIMO configurations described in clause 6.2D.1.
If 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 6.3.4 apply.
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[bookmark: _Toc21344345]For UE(s) supporting UL MIMO, the basic measurement interval of modulated carrier frequency is 1 UL slot.  The mean value of basic measurements of UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.
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For UE supporting UL MIMO, the transmit modulation quality requirements are specified based on measurements made at each transmit antenna connector.
If 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 6.4.2 apply.
The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs)
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage (caused by IQ offset)
-	In-band emissions for the non-allocated RB
In case the parameter 3300 or 3301 is reported from UE via the parameter txDirectCurrentLocation in UplinkTxDirectCurrentList IE (as defined in TS 38.331 [7]), carrier leakage measurement requirement in clause 6.4D.2.2 and 6.4D.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.
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6.4D.2.2	Carrier leakage
For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the Relative Carrier Leakage Power requirements specified in Table 6.4.2.2-1 which is defined in clause 6.4.2.2 apply at each transmit antenna connector. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2.
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For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the In-band Emission requirements specified in Table 6.4.2.3-1 which is defined in clause 6.4.2.3 apply at each transmit antenna connector. The requirements shall be met with the uplink MIMO configurations specified in Table 6.2D.1-2
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For UE(s) with multiple transmit antenna connectors supporting UL MIMO, this requirement applies to frame timing differences between transmissions on multiple transmit antenna connectors in the closed-loop spatial multiplexing scheme.
The time alignment error (TAE) is defined as the average frame timing difference between any two transmissions on different transmit antenna connectors.
For UE(s) with multiple transmit antenna connectors, the Time Alignment Error (TAE) shall not exceed 130 ns.
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For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between any different antenna connectors in any slot within the specified time window from the last transmitted SRS on the same antenna connectors, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna connector is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PSCell or SCell(s))
-	When UE is not configured with uplink switching; or when UE is configured with uplink switching, and ‘fullCoherent’ codebook subset is supported in the corresponding carrier according to the capability uplinkTxSwitching-PUSCH-TransCoherence and/or uplinkTxSwitching2T2T-PUSCH-TransCoherence; or when UE is configured with uplink switching, ‘nonCoherent’ codebook subset is supported in the corresponding carrier according to the capability uplinkTxSwitching-PUSCH-TransCoherence and/or uplinkTxSwitching2T2T-PUSCH-TransCoherence, and uplink switching is not triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 [10] between last transmitted SRS and scheduled transmission. 
--<Next Change>--
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For UE supporting UL MIMO, the requirements for occupied bandwidth apply to  the sum of the powers from both all UE transmit antenna connectors. The occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel at each transmit antenna connector.
For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the occupied bandwidth shall be less than the channel bandwidth specified in table 6.5.1-1. The requirements shall be met with UL MIMO configurations described in clause 6.2D.1.
If 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 6.5.1 apply.
[bookmark: _Toc21344421][bookmark: _Toc29801908][bookmark: _Toc29802332][bookmark: _Toc29802957][bookmark: _Toc36107699][bookmark: _Toc37251473][bookmark: _Toc45888353][bookmark: _Toc45888952][bookmark: _Toc61367650][bookmark: _Toc61373033][bookmark: _Toc68230982][bookmark: _Toc69084395][bookmark: _Toc75467405][bookmark: _Toc76509427][bookmark: _Toc76718417][bookmark: _Toc83580755][bookmark: _Toc84405264][bookmark: _Toc84413873]6.5D.2	Out of band emission for UL MIMO
For UE supporting UL MIMO, the requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters is defined as the sum of the emissions from both all UEtransmit antenna connectors.
For UEs with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements in subclasuse 6.5.2 apply. The requirements shall be met with UL MIMO configurations described in clause 6.2D.1.
For UE support uplink full power transmission (ULFPTx) for UL MIMO, the requirements in clause 6.5.2 shall apply. The requirements shall be met with the PUSCH configurations specified in [Table 6.2D.1-3], based upon UE’s support of uplink full power transmission mode.
If 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 6.5.2 apply.
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For UE supporting UL MIMO, the requirements for Spurious emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products is defined as the sum of the emissions from both UE transmit antenna connectors.
For UEs with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements specified in subclasuse 6.5.3 apply. The requirements shall be met with the UL MIMO configurations described in clause 6.2D.1.
For UE support uplink full power transmission (ULFPTx) for UL MIMO, the requirements in clause 6.5.3 shall apply. The requirements shall be met with the PUSCH configurations specified in [Table 6.2D.1-3], based upon UE’s support of uplink full power transmission mode.
If 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 6.5.3 apply.
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For UE supporting UL MIMO, the transmit intermodulation requirements are specified at each transmit antenna connector and the wanted signal is defined as the sum of output powers from both UE transmit antenna connectors.
For UEs with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements specified in clause 6.5.4 apply to each transmit antenna connector. The requirements shall be met with the UL MIMO configurations described in clause 6.2D.1.
If 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 6.5.4 apply.
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Table 6.3.1.5-3: Precoding matrix /7 for single-layer transmission using four antenna ports "
transform precoding disabled. .
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Table 7.3.1.1.2-2A: Precoding information and number of layers for 4 antenna ports, if transform
precoder is disabled, maxRank = 2, and ul-FullPowerTransmission = fullpowerMode1 .
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