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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 last RAN4 meeting, the WF on UE assumptions [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;



The antenna isolation is an important parameter for several requirements definition, e.g. MPR with multi-Tx to evaluate the cross antenna impacts, and the MSD calculation. In another WF [2], the MPR requirement definition assumption already have been agreed where different assumptions comparing to handheld UE are used as below table. 

	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:   It has been agreed in MPR evaluation that Vehicular UE has same antenna isolation as handheld UE, i.e. different antenna isolation assumption comparing to 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 has same antenna isolation as handheld UE and two set of requirements for CPE/FWA/vehicle/industrial devices.

2.2 SAR for CPE/FWA/Vehicular UE
Regarding SAR issues, generally in our view it is more relaxed and even can be ignored in RAN4 requirement definition. Even with maxUplinkdutycycle reported, most likely the values are around 100%, there is no strong demands to solve SAR by restricting duty cycle scheduling. Therefore, can be left to UE implementation. This kind of handling is not new, we have done this for FDD HPUEs.

Observation 3:   SAR is not a key issue for CPE/FWA/Vehicular UE, and the applicable max Uplink duty cycle most likely is around 100% which makes the reporting is not much meaningful.

Proposal 2:         SAR issue can be left to UE implementation for at least CPE/FWA/vehicle devices, there is no need to further consider duty cycle capability to complex the discussion.

2.3 4Tx requirements for different antenna port configurations
The UE requirements to be met when it fallback from 4 antenna ports to 2 antenna ports then to 1 antenna port is something unclear. 

[bookmark: _Hlk118280342]As shown in figure 2, the 4x23dBm UE can achieve PC1.5 with 4PAs activated in 4Layer UL MIMO and in single antenna port with the help of 4Tx TxD, but it should be noticed that 4Tx TxD is not supported in Rel-17 where TxD is only supported for 2Tx. 

[bookmark: _Hlk118280199]For 2antena port scenario (2Layer UL MIMO), to achieve PC1.5 with 4x23dBm, UE has to use TxD in each layer, i.e. 2x23 for Layer1 and 2x23 for Layer2. This is a mix of UL MIMO and TxD which is also new for RAN4 requirements. However, before jumping into the requirement definition, it should first be clear of whether the 4Layer capable UE shall meet the requirements for single antenna port, two antenna ports, and four antenna ports. 



Figure 2 4Tx UE PA configurations for different scenarios

Observation 4:   It is unclear whether 4Tx UE has to meet requirements for single antenna port, two antenna ports, and four antenna ports.

Observation 5:   4Tx TxD (single antenna port) and 2Tx TxD +UL MIMO (two antenna ports) requirements are not defined in current spec, Rel-17 only defined TxD requirements for 2Tx.

The 4 antenna ports and single antenna port are necessary from requirement definition perspective since one for UL MIMO the other for single layer. 

Proposal 3:         4Tx TxD with single antenna port configuration needs to be specified for UE with 4x23PAs.

For 2 antenna ports scenario whether it is needed for 4Tx UE may need further discussion. In last meeting, it was agreed that 3Layer UL MIMO requirements will not be defined but allowed UE to implement 3Layers in the field. This means the 4Tx UE can be configured with 3Layers but no need to be tested. 

Similar logic probably can be applied also to 2Layer UL MIMO for 4Tx UE that 2Layers can be configured in the fielded but no need to be tested. If this is agreeable then 4Tx UE only need to meet the requirements of 4Layer UL MIMO and single antenna port.

Observation 6:   3Layer UL MIMO can be supported by UE and configured in NW, but doesn’t need to be tested in RAN4. Similar handling can be applied to 2Layer UL MIMO for 4Tx UE.

Proposal 4:         2Layer UL MIMO can be supported by 4Tx UE, but 2Layer requirements not need to be tested which is similar handling as 3Layer UL MIMO where RAN1 support this feature but not tested in RAN4.

Besides, though RAN4 now discuss 4Tx with 4x23dBm PA configurations as first priority. The requirements should be defined as much as possible to be compatible with other PA configurations, e.g. 2x23dBm + 2x26dBm, 4x26dBm. In Rel-17 FR1 enhancement, the dualPAarchitecture IE was used to differentiate UE PA configurations and requirements. For 4Tx, the scenarios will be more complex, and harmonized requirements is necessary.

Proposal 5:         Though RAN4 now discuss 4Tx with 4x23dBm PA configurations as first priority, the requirements should be defined as much as possible to be compatible with other PA configurations, e.g. 2x23dBm + 2x26dBm, 4x26dBm.

2.4 Power class fallback concept
In last meeting WF [1] the power class fallback issue as below table captured. The power class fallback proposal “dual Tx PC2 requirement as the fallback requirement for 4Tx PC1.5” is based on the UE architecture of 4x23dBm case. However, it is unclear whether this dual Tx PC2 means single antenna port or two antenna ports configuration. And this proposal also related to whether UE need to keep the same power class among different antenna port configurations, if it is needed, then this proposal is controversial with that.

	Power class fallback
Proposal 1: It is proposed to consider dual Tx PC2 requirement as the fallback requirement for 4Tx PC1.5. (Huawei, R4-2216673)
Agreements: Further discuss this issue in next meeting.



Observation 7:   The power class fallback concept contradicts with the assumption that UE need to keep same power class among different antenna port configurations.

Proposal 6:         It is proposed to agree on whether UE need to keep same power class among different antenna port configurations first, if it is agreed then the power class fallback concept can be skipped.


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.

UE assumptions

Observation 1:   It has been agreed in MPR evaluation that Vehicular UE has same antenna isolation as handheld UE, i.e. different antenna isolation assumption comparing to 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 has same antenna isolation as handheld UE and two set of requirements for CPE/FWA/vehicle/industrial devices.

SAR for CPE/FWA/Vehicular UE

Observation 3:   SAR is not a key issue for CPE/FWA/Vehicular UE, and the applicable max Uplink duty cycle most likely is around 100% which makes the reporting is not much meaningful.

Proposal 2:         SAR issue can be left to UE implementation for at least CPE/FWA/vehicle devices, there is no need to further consider duty cycle capability to complex the discussion.

4Tx requirements for different antenna port configurations

Observation 4:   It is unclear whether 4Tx UE has to meet requirements for single antenna port, two antenna ports, and four antenna ports.

Observation 5:   4Tx TxD (single antenna port) and 2Tx TxD +UL MIMO (two antenna ports) requirements are not defined in current spec, Rel-17 only defined TxD requirements for 2Tx.

Proposal 3:         4Tx TxD with single antenna port configuration needs to be specified for UE with 4x23PAs.

Observation 6:   3Layer UL MIMO can be supported by UE and configured in NW, but doesn’t need to be tested in RAN4. Similar handling can be applied to 2Layer UL MIMO for 4Tx UE.

Proposal 4:         2Layer UL MIMO can be supported by 4Tx UE, but 2Layer requirements not need to be tested which is similar handling as 3Layer UL MIMO where RAN1 support this feature but not tested in RAN4.

Proposal 5:         Though RAN4 now discuss 4Tx with 4x23dBm PA configurations as first priority, the requirements should be defined as much as possible to be compatible with other PA configurations, e.g. 2x23dBm + 2x26dBm, 4x26dBm.

Power class fallback concept

Observation 7:   The power class fallback concept contradicts with the assumption that UE need to keep same power class among different antenna port configurations.

Proposal 6:         It is proposed to agree on whether UE need to keep same power class among different antenna port configurations first, if it is agreed then the power class fallback concept can be skipped.

References
[1] R4-2217725, WF on FR1 4Tx UE RF requirements, #104bis-e, vivo
[2] R4-2214450, WF on FR1 4Tx UE RF requirements, #104-e, vivo
Microsoft_Visio_Drawing.vsdx
23dBm
23dBm
23dBm
23dBm
Ant port 0
Ant port 1
Ant port 2
Ant port 3
4Layer UL MIMO
23dBm
23dBm
23dBm
23dBm
Ant port 0
Single ant port
23dBm
23dBm
23dBm
23dBm
Ant port 0
Ant port 1
2Layer UL MIMO



image1.png
Release 17 499 3GPP TS 38.101-1 V17.6.0 (2022-06)

Opera(lng band / SCS / Channel bandwidth

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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