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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on 4Tx UE RF requirements. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
Based on the objective of the WID [1] which is captured below, RAN4 should specify the UE RF FR1 requirements to support 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices.
 [Objective] 
	[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.




According to the phased approach, the followings should be treated first. However, for checking the expected issues, we would like to discuss other PA configurations and a single antenna port with TxD.
· 4x4 UL MIMO
· PA configuration : 4x23dBm
· UE power class : PC1.5 (29dBm)

ULFPTx Mode & TxD

For 4x4 UL MIMO, UE maximum output power (MOP) requirements shall be met with the UL MIMO configurations of using 4-layer UL MIMO transmission with a codebook of .

For PA configuration of 4x23dBm, UE can support uplink full power transmission (ULFPTx) of 29dBm with ‘Mode-1’. Here, 1 layer and TPMI=12(W= ) need to be configured for PUSCH.
· 4x23dBm
· ULFPTx Mode = Mode-1
To support 29dBm with a single antenna port, 4 Tx diversity should be considered.

For other PA configurations of 2x23dBm+2x26dBm, and 4x26dBm, UE can also support ULFPTx with Mode-1. For example,
· 2x23dBm + 2x26dBm
· ULFPTx Mode  = Mode-1
· 4x26dBm
· ULFPTx Mode = Mode-1
However, 29dBm is also possible with 2 PAs of 2x26dBm. It is different from Mode-1. Therefore, another Mode needs to be considered for these cases.
And, 29dBm with a single antenna port can be supported with 2 Tx diversity. 

In other words, the number of Tx diversity to be indicated can be either 2 or 4 depending on PA configuration to support the same power class of 4x4 UL MIMO with a single antenna port.

MPR
For PA configuration of 4x23dBm for PC1.5, a new MPR(MPR_A) should be defined with an assumption of quadruple Tx. In the case of a single antenna port with Tx diversity, the new MPR can be applied.
· 4x23dBm
· 4x4 UL MIMO
· New MPR with quadruple Tx (MPR-A)
· single antenna port with Tx diversity
· New MPR with quadruple Tx (MPR-A)

For PA configuration of 2x23dBm+2x26dBm for PC1.5, a new MPR with quadruple should be defined. The new MPR can be MPR-A based on 2x23dBm or MPR-B based on (2x23dBm+2x26dBm). In the case of a single antenna port with Tx diversity, depending on the indicated number of Tx diversity, the new MPR or the existing PC1.5 MPR with dual Tx can be applied.
· 2x23dBm+2x26dBm
· 4x4 UL MIMO
· New MPR with quadruple Tx (MPR-A or MPR-B)
· single antenna port with 2 Tx diversity
· the existing PC1.5 MPR with dual Tx 
· single antenna port with 4 Tx diversity 
· New MPR with quadruple Tx (MPR-A or MPR-B)

For PA configuration of 4x26dBm for PC1.5, a new MPR (MPR-C) with quadruple should be defined. In the case of a single antenna port with Tx diversity, depending on the indicated number of Tx diversity, the new MPR or the existing PC1.5 MPR with dual Tx can be applied.
· 4x26dBm
· 4x4 UL MIMO
· New MPR with quadruple Tx (MPR-C)
· single antenna port with 2 Tx diversity
· the existing PC1.5 MPR with dual Tx 
· single antenna port with 4 Tx diversity
· New MPR with quadruple Tx (MPR-C)

Based on these, we propose as follows.
Proposal 1: Define MOP requirements with UL MIMO configurations using 4-layer UL MIMO transmission 

with a codebook of  for 4x4 UL MIMO.
Proposal 2: Define MOP requirements for ULFPTx and single antenna port transmission with TxD for 4x4 UL MIMO.

Proposal 3: Consider TxD of 2 or TxD of 4 depending on PA configuration to support the same power class of 4x4 UL MIMO with a single antenna port.

Proposal 4: Define new PC1.5 MPR with an assumption of quadruple Tx for 4x4 UL MIMO.
· Consider 4x23dBm as baseline
· 2x23dBm+2x26dBm and 4x26dBm is not precluded.

Proposal 5: Define PC1.5 MPR for single antenna port transmission with TxD for 4x4 UL MIMO.

Conclusion
In this contribution, we provided our views on 4Tx UE RF requirements. Based on the views, we proposed as follows.
Proposal 1: Define MOP requirements with UL MIMO configurations of using 4-layer UL MIMO transmission 

with a codebook of  for 4x4 UL MIMO.
Proposal 2: Define MOP requirements for ULFPTx and single antenna port transmission with TxD for 4x4 UL MIMO.

Proposal 3: Consider TxD of 2 or TxD of 4 depending on PA configuration to support the same power class of 4x4 UL MIMO with a single antenna port.

[bookmark: _GoBack]Proposal 4: Define new PC1.5 MPR with an assumption of quadruple Tx for 4x4 UL MIMO.
· Consider 4x23dBm as baseline
· 2x23dBm+2x26dBm and 4x26dBm is not precluded.

Proposal 5: Define PC1.5 MPR for single antenna port transmission with TxD for 4x4 UL MIMO.
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