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1 Introduction
[bookmark: OLE_LINK6]In Rel-18, there were several objectives in the agreed FR1 enh WID [2], in which for supporting 4Tx on a single carrier, the objectives are:
[bookmark: OLE_LINK19][bookmark: OLE_LINK25]Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices [RAN4]
· Investigate framework and architecture Example bands:
· TDD bands: n41, n77/n78
· FDD bands: n1
· Note 1: the total number of example bands should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
·   Specify the UE RF requirements to support 4Tx
· First priority: 4x4 UL MIMO
· Second priority: investigate and if necessary specify TxD requirement to support the same power class in UL MIMO and single antenna port 
· PA configuration assumption:
· First priority: 4x23dBm
· Second priority: 2x23dBm + 2x26dBm, 4x26dBm
· UE power class
· First priority: PC 1.5
· Second priority: PC2/PC3, and/or new power class if needed
· Note 1: PC1.5 is only applicable for TDD bands
· [bookmark: OLE_LINK3]Note: detailed combinations for 2nd priority PA/UE power class assumptions are to be revisited in RAN#97
· NOTE1: Requirements are specified with phase approach. Objectives with 1st priority are considered first.
· NOTE2: It is assumed the devices are equipped with 4Rx antennas for band n1 requirement definition.
In this contributions, we give some initial discussion on the 4Tx related RF requirements. 
2	Discussion
[bookmark: OLE_LINK66][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK8][bookmark: OLE_LINK44][bookmark: OLE_LINK43][bookmark: OLE_LINK10]In terms of the objectives, the related UE RF requirements to support 4Tx should be defined for 4*4 UL MIMO and TxD if necessary. Meanwhile, there would be several PA configuration assumptions for different UE power class, but the first priority for the PA/UE power class assumptions is 4*23dBm for PC1.5 TDD bands n41, n77/n78. The other assumptions are treated as second priority, where the details are going to be revisited in RAN#97.  
[bookmark: OLE_LINK27][bookmark: OLE_LINK2]Observation 1: The first priority is to define the RF requirements for 4*4 UL MIMO, and the PA/UE power class assumptions is 4*23dBm for PC1.5 TDD bands n41, n77/n78.
[bookmark: OLE_LINK9]For the RF requirements related to UL MIMO, RAN4 have already defined the RF requirement for 2Tx UL MIMO in TS38.101-1, where some of the requirements are defined as sum of the requirements from both UE antenna connectors, and some of the other requirements are defined at each transmit antenna connector. As it is for 2Tx UL MIMO, so RF requirements of two transmit antenna connectors (in closed loop spatial multiplexing scheme) are defined.
In our understanding, when the Tx number is increase from 2 to 4, the same logic should be the same for the RF requirements definition.
[bookmark: OLE_LINK34][bookmark: OLE_LINK22][bookmark: OLE_LINK28]The RF requirements for UL MIMO in current TS38.101-1 are summarized In table 1.
Table 1 UL MIMO RF requirement types in TS38.101-1
	RF requirements
	Type

	· UE maximum output power 
· MPR/A-MPR
· Minimum output power
· Configured transmitted power
· [bookmark: OLE_LINK40]OBW/Out of band emission/SE
	Per UE


	· Transmit OFF power
· Transmit ON/OFF time mask 
· [bookmark: OLE_LINK41]Transmit modulation quality(EVM, carrier leakage, IBE, etc..)
· Transmit intermodulation
	Per each transmit antenna connector


	· TAE
· Coherent
	difference between two different transmit antenna connectors. 

	All Rx requirements
	Refer to single carrier requirements where the power related parameters (i.e. Pumax, or PCMAX_L) are defined as the total transmitter power over the two transmit antenna connectors.


[bookmark: OLE_LINK35]It can be see that for some RF requirements such as maximum output power, SEM/ACLR/SE requirements, the requirements are defined as per UE, for example the maximum output power requirements is defined as sum of the limits from both UE antenna connector, while for some other requirements such as minimum output power. OFF power, EVM etc, the requirements are defined as per antenna connector. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK15]For 4Tx UL MIMO, it is reasonable to define the same RF requirements types as in table 1. Of course, some updates should be needed to support 4Tx UL MIMO, such as number of layers/antenna connector, TPMI Index, etc.
[bookmark: OLE_LINK16][bookmark: OLE_LINK4]Observation 2: 2Tx UL MIMO UE RF requirements types can be reused for 4Tx UL MIMO.
[bookmark: OLE_LINK33]Observation 3: Some updates should be needed to support 4Tx UL MIMO, such as number of layers/antenna connector, TPMI Index, etc.
MOP tolerance
[bookmark: OLE_LINK36][bookmark: OLE_LINK38][bookmark: OLE_LINK37]When 2Tx UL-MIMO was introduced in LTE, the MOP tolerance for the UL MIMO band are changed, i.e. from +2/-2dB to +2/-3dB. The upper tolerance is keep unchanged due to the SAR limits, while the lower tolerance is relaxed due to the multiple transmitters used in closed-loop spatial multiplexing scheme, as stated in TR36.807.
The maximum output power for UE supporting UL-MIMO is defined per UE. This is in accordance with the power control and power management mechanisms in which the total power of the UE from multiple antenna connectors is considered. UE power class is also determined based on the total maximum output power from the UE. The lower tolerance for maximum output power is relaxed due to the multiple transmitters used in closed-loop spatial multiplexing scheme.
[bookmark: OLE_LINK39]Since the maximum output power is defined as sum of all the antenna connectors, then the overall tolerance would be increased when the transmitters number is increased by using the similar principle above, which means the overall lower tolerance values would be further relaxed. 
[bookmark: OLE_LINK47][bookmark: OLE_LINK5][bookmark: OLE_LINK13]Proposal 1: For PC1.5 TDD bands n41, n77/n78 supporting 4Tx UL MIMO, the lower MOP tolerance should be greater than or equal to 3 dB, where further analysis is required.
[bookmark: OLE_LINK48]Out of band emission/SE
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Due to the out of band emission/spurious emission requirements for 2Tx UL MIMO are defined as per UE, i.e. defined as the sum of the emissions from both UE transmit antenna connectors, where the requirements as same as single band are applied. We see no reasons to change the requirements when 4Tx UL MIMO is introduced.
[bookmark: OLE_LINK49]EVM
The EVM requirements for UL MIMO are defined per layer, where the requirements as same as single band are applied. We also see no reasons to change the requirements when 4Tx UL MIMO is introduced.
[bookmark: OLE_LINK7]Proposal 2: The requirements for EVM and out of band emission/SE are keep unchanged, i.e. single band requirements are applied.
MPR
The criteria to evaluate the MPR requirements are Out of band emission/SE and EVM. By reviewing all of the requirements, one of the requirements for 4Tx UL MIMO should be needed to be revisited is MPR requirement, since the reverse IMD impact should be considered for multiple transmitters and it will worse the EVM requirements. It was already done for 2Tx. So for PC1.5 with 4Tx, re-evaluation for MPR requirements may be needed.
[bookmark: OLE_LINK18][bookmark: OLE_LINK20][bookmark: OLE_LINK21]For example, currently PC1.5 band shall be implemented via 2Tx (2*26dBm PA), if we considering the assumption that the antenna isolation is 10dB and the PA post IL to antenna is 4dB, then for PC1.5 2Tx(2*26dBm), the interference appears at one Tx PA output from another Tx PA is 8dBm (= 26-10-2*4).
For PC1.5 4Tx(4*23dBm), the interference appears at one Tx PA output from another one Tx PA output is 5dBm (= 23-10-2*4), then the total interference from another 3 Tx is 9.7dBm. However, it seems it is difficult to compare the RIMD between these two cases directly due to the operating point are different for 26dBm and 23dBm PA, do some measurements are the good way.
[bookmark: OLE_LINK12]Proposal 3: MPR for PC1.5 with 4Tx may need to be re-visited.
3 Conclusion
In this contribution, we give some initial discussions on the RF requirements for PC1.5 with 4Tx. The conclusions are:
Observation 1: The first priority is to define the RF requirements for 4*4 UL MIMO, and the PA/UE power class assumptions is 4*23dBm for PC1.5 TDD bands n41, n77/n78.
Observation 2: 2Tx UL MIMO UE RF requirements types can be reused for 4Tx UL MIMO.
Observation 3: Some updates should be needed to support 4Tx UL MIMO, such as number of layers/antenna connector, TPMI Index, etc.
Proposal 1: For PC1.5 TDD bands n41, n77/n78 supporting 4Tx UL MIMO, the lower MOP tolerance should be greater than or equal to 3 dB, where further analysis is required.
Proposal 2: The requirements for EVM and out of band emission/SE are keep unchanged, i.e. single band requirements are applied.
Proposal 3: MPR for PC1.5 with 4Tx may need to be re-visited.
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