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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, 4Tx for FWA/CPE/vehicle/industrial devices was one of the objectives for FR1 enhancement. This paper will discuss these aspects.

2 Discussion
2.1 UE assumptions
In previous RAN4 meetings, the WF on UE assumptions as below table [1] was approved in which how to handle the vehicular UE is FFS.

	Agreement (GTW):
· For both 4Tx and 8Rx
· Reuse existing component assumptions for handheld UE unless otherwise stated;
· No differentiation of CPE/FWA;
· FFS on
· Option 1:
· Vehicular UE should have high antenna isolation characteristics similar to CPE and FWA 
· One set of requirements for CPE/FWA/vehicle/industrial devices;
· Option 2:
· [bookmark: _Hlk118278032]Vehicular UE has same antenna isolation as handheld UE (Previous agreement)
· Two set of requirements for CPE/FWA/vehicle/industrial devices;



Then in last RAN4 meeting, there is no much progress in this issue with approved WF [3] as below.

	Number of Requirements set(s)
· Proposals
· Option 1: Targeting one set of requirements including CPE/FWA/Vehicular/Industrial devices
· Antenna isolation of those types not necessarily the same.
· Option 2: Targeting two set of requirements for CPE/FWA and Vehicular UE respectively
· Option 3: Others
· WF
· No Agreements on this issue. Can be discussed further later after more study.



Antenna isolation doesn’t exist in RAN4 requirements, it is only a parameter used to evaluate the crosslink impacts and derive the requirements like MPR. 

In another WF [2], it was agreed to use same antenna isolation for vehicular UE and handheld UE in MPR evaluation as below table. This means RAN4 already have agreement on this issue.

	Agreement (GTW): For 4Tx MPR requirement,
· the high antenna isolation compared to handheld UE is assumed for CPE and FWA device.
· the same antenna isolation as for handheld UE is assumed for vehicular UE.



Observation 1:   RAN4 have agreed that Vehicular UE has same antenna isolation as handheld UE in MPR evaluation, i.e. different antenna isolation compared with CPE/FWA devices.

This assumption is also aligned with the 4Rx exception handling in current spec, where the vehicular UE has more relaxed antenna requirements even than handheld UE as can be seen in below figure. From this perspective, we tend to keep previous agreement and treat vehicular different from CPE/FWA devices.
[image: ]
Observation 2:   2Rx exception is allowed for Vehicular UE in current RAN4 spec which is a more relaxed antenna assumption even than handheld UE.

Proposal 1:         Keep previous agreement that Vehicular UE apply same antenna isolation as handheld UE, and define two set of requirements for Vehicular UE and CPE/FWA/industrial devices.

2.2 4Tx requirements for different antenna port configurations
4Tx UE can be configured with 4 antenna ports, or 2 antenna ports, or 1 antenna port as shown in figure 1. One key issue is whether same power class need to be supported among different antenna port configurations. 



Figure 1 4Tx UE PA configurations for different scenarios

[bookmark: _Hlk126942405][bookmark: _Hlk126942415]Table 1 compared the requirement impacts when same power class is required among different antenna port configurations and the requirements impact when different power class among different antenna port configurations. It can be seen that to keep same power class the UE need to support more complexed features like 4TxD and 2Layer UL MIMO + TxD, but if different power classes can be supported then the handling of less antenna ports will be much easier.

Table 1 Comparison of requirements impact on Same power class or Different power classes 
among different antenna port configurations
	
	Same power class among different antenna port configurations
	Different power class among different antenna port configurations

	4 antenna ports
	· PC1.5
· New 4Layer UL MIMO requirements
	· PC1.5
· New 4Layer UL MIMO requirements

	2 antenna ports
	· PC1.5
· New requirements for 2Layer UL MIMO + TxD
	· PC2 with 2x23
· Reuse existing requirements with 2Layer

	1 antenna port
	· PC1.5
· New 4TxD requirements
	· PC3 or PC2 with 3x23
· Reuse existing single port or TxD requirements



Observation 3:   To keep same power class UE need to support 4TxD and 2Layer UL MIMO + TxD, but if different power classes are allowed then existing features/requirements can be reused.

Currently for the UE with 2Tx, same power class is assumed at least from Rel-16 where TxD is supported. In current WID, the 4Layer UL MIMO is first priority, and 2nd priority is the TxD related requirements which says “investigate and if necessary specify TxD requirement to support the same power class in UL MIMO and single antenna port”. In last meeting there were proposals to allow different power classes to be supported when 2 antenna ports or single antenna port is configured. From UE implementation perspective, this will simplify the situation of implementing 4PAs in one band which already a big effort. However, power class fallback will cause the max Tx power be lowered which might be problematic for the UL coverage. And there is no separate power class report for UE under different antenna port configurations. Therefore, keep same power class seems more reasonable choice.

Observation 4:   Same power class was assumed for UE with 2Tx be configured with single antenna port. And there is no separate power class reporting scheme to indicate different power classes under different antenna port configurations.

Proposal 2:         Power class capability need to be kept for 4Tx UE when be configured with different antenna ports, i.e. 4/2/1 antenna port have same power class capability.


3 Conclusion
In this paper, we discussed the 4Tx enhancements for CPE/FWA devices, and focus on UE assumption handling, UE requirements with different antenna port configurations. Then got following observations and proposals.

Observation 1:   RAN4 have agreed that Vehicular UE has same antenna isolation as handheld UE in MPR evaluation, i.e. different antenna isolation compared with CPE/FWA devices.

Observation 2:   2Rx exception is allowed for Vehicular UE in current RAN4 spec which is a more relaxed antenna assumption even than handheld UE.

Proposal 1:         Keep previous agreement that Vehicular UE apply same antenna isolation as handheld UE, and define two set of requirements for Vehicular UE and CPE/FWA/industrial devices.

Observation 3:   To keep same power class UE need to support 4TxD and 2Layer UL MIMO + TxD, but if different power classes are allowed then existing features/requirements can be reused.

Observation 4:   Same power class was assumed for UE with 2Tx be configured with single antenna port. And there is no separate power class reporting scheme to indicate different power classes under different antenna port configurations.

Proposal 2:         Power class capability need to be kept for 4Tx UE when be configured with different antenna ports, i.e. 4/2/1 antenna port have same power class capability.
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NOTE 1: _Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE.

Four Rx antenna ports for RedCap UE is not supported for this operating band.

NOTE 2: The transmitter shall be set to Puwax as defined in clause 6.2.4
NOTE 3: The requirement is modified by -0.5 dB when the assigned NR channel bandwidth is confined within
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