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Introduction
In RAN#95e, Rel-18 WI for UE RF FR1 was approved [1], which includes an objective of 4Tx for CPE/FWA UE. 
	[bookmark: OLE_LINK19]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
· 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 contribution, we provide our initial thinking on the 4Tx UE RF requirements.  
Discussion
Power class and UE PA configurations
For a same power class, the UE architecture or PA configurations could be different, especially for HPUE which has higher power class than the default one. During the discussion in Rel-17 for TxD and UE RF FR1 WI, three different PA configurations have been discussed for 2Tx PC2 UE. Similar discussion also occurred during the establishment of Rel-18 WI in terms of 4Tx. 
The following PA configurations are discussed:
· PA configuration assumption:
· First priority: 4x23dBm
· Second priority: 2x23dBm + 2x26dBm, 4x26dBm
Since 4x23dBm has higher priority, we can focus on the requirement for PC1.5 UE with 4x23dBm implementation. From implementation perspective, most likely UE supporting 4Tx would use two separate transceiver chipsets, we don’t think 2x23+2x26dBm has any advantage for the UE implementation. Certainly, the basic principle is that that requirements should be implementation agnostic. For the same power class, e.g. PC1.5 for 4Tx UE, our preference is not to have different RF requirements as we did for 2Tx UE in Rel-17. While for 4x26dBm, whether higher power class can be introduced can be further considered after completion of the first priority requirements based on 4x23dBm PA configuration.
Proposal 1: It is proposed that PC1.5 requirements for 4Tx UE are just based on 4x23dBm PA configuration, and no different requirements for different PA configuration implementation for this power class.
Proposal 2: PA configurations for other power classes can be further considered once the requirements for PC1.5 are completed.

MPR/A-MPR
When we had discussion of PC1.5 in previous release for PC2, the basic assumption is that the UE is implemented by 2x26dBm PA configuration. Thus to fulfil the max output power requirement for single port transmission, the UE has to utilize TxD. 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.
For PC1.5 MPR, there are two sets of MPR available in the specification for FWA UE, one set was defined in Rel-16, and the other one was updated in Rel-17 v17.3.0. Usually for 2Tx UE, due to the RIMD impact, measurement is utilized for specifying the MPR requirement. For 4Tx, it is expected that measure will play an important role in defining the requirement. Considering the isolation among 4 antennas could be worse than that for 2Tx, the improved MPR defined in Rel-17 for PC1.5 FWA UE may not a good reference. Companies may need to consider the evaluation assumptions firstly and perform measurement for 4Tx when necessary. 
Proposal 3: It is proposed to agree evaluation assumptions firstly for 4Tx, and the initial reference for the 4Tx MPR requirement could be that defined in Rel-16 for 2Tx PC1.5.
Regarding power class other than PC1.5, currently PC2/PC3 are considered as second priority. It is known that power class fallback is considered in the spec once the UL dutycycle exceeds the UE capability. In that case, both PC2 and PC3 could follow the existing requirements for 2Tx, especially for MPR/A-MPR.
Proposal 4: It is proposed to only consider PC2 and PC3 as fallback power class for PC1.5 UE, and existing PC2/PC3 MPR/A-MPR requirements for 2Tx could be reused for the fallback mode for 4Tx PC1.5 UE.
According to the WID objectives, PC1.5 is only considered for TDD bands. While for the current selected TDD bands in 2.6GHz and 3.5GHz, only band n41 needs to consider band specific A-MPR requirement. Similar the to previous discussion for 2Tx A-MPR for n41, some further evaluation including measurement is necessary for specifying the 4Tx PC1.5 A-MPR requirement for n41.

MIMO requirement
For 2Tx UL MIMO, some MIMO related parameters are captured in the specification, e.g. codebook for measurement configuration, DCI format as well as TPMI index. 
For non-full power transmission modes, the following codebook is proposed to be selected as UL MIMO configuration for 4-layer MIMO.


Regarding full power transmission, parameters shall be updated as well. Particularly, some ULFPTx may not be feasible for PC1.5. 
As discussed in section 2.1, we propose to consider the requirement based on 4x23dBm implementation. For this kind of PA configuration, UE could indicate ULFPTx mode 1. While there is no single Tx chain is supposed to transmit 29dBm output power, it is not possible for a PC1.5UE supporting 4Tx to indicate ULFPTx mode 2. As for ULFPTx mode 2, it could be mapped to more PA configurations, but at lest two Tx could deliver 26dBm output power and utilize antenna virtualization which is not favoured by some companies in Rel-17 for 2Tx case for mode 2.
Proposal 5: MIMO configurations should be updated for 4Tx to align with RAN1 specification.
Proposal 6: For PC1.5 UE supporting 4Tx ULFPTx modes, some PA configurations should be ruled out, and in turn it could affect the reported ULFPTx modes for 4Tx UE and reduce some unnecessary TPMI indexes.
More analysis is needed for ULFPTx requirements for 4Tx.
Conclusion
This contribution provides our initial consideration for 4Tx. Some proposals are listed as below for further discussion:
Proposal 1: It is proposed that PC1.5 requirements for 4Tx UE are just based on 4x23dBm PA configuration, and no different requirements for different PA configuration implementation for this power class.
Proposal 2: PA configurations for other power classes can be further considered once the requirements for PC1.5 are completed.
Proposal 3: It is proposed to agree evaluation assumptions firstly for 4Tx, and the initial reference for the 4Tx MPR requirement could be that defined in Rel-16 for 2Tx PC1.5.
Proposal 4: It is proposed to only consider PC2 and PC3 as fallback power class for PC1.5 UE, and existing PC2/PC3 MPR/A-MPR requirements for 2Tx could be reused for the fallback mode for 4Tx PC1.5 UE.
Proposal 5: MIMO configurations should be updated for 4Tx to align with RAN1 specification.
Proposal 6: For PC1.5 UE supporting 4Tx ULFPTx modes, some PA configurations should be ruled out, and in turn it could affect the reported ULFPTx modes for 4Tx UE and reduce some unnecessary TPMI indexes.
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