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1.	Introduction
[bookmark: _Int_UXE4btMe][bookmark: _Int_nwELzoOd][bookmark: _Int_cEy7Ud21]In RAN4#104-e a WF was agreed on 4Tx [1]. In this paper we further discuss issues related to 4 Tx and propose using existing MPR scenarios for the 4 Tx high antenna isolation case. 
2. 	Discussion
In WF [1] several agreements were made. Two of the major agreements from this WF are detailed below:  
1.2 Prioritized Scope
Agreement (GTW): 

· [bookmark: _Int_e9nuwWBd]RAN4 agree to include ULFPTx mode 1 applied to 4x23dBm in the first stage and include its fall back modes in the second stage.
The following scope is prioritized and started in the first stage:
· Bands n41, n77/n78
· [bookmark: _Int_jTNp7II1][bookmark: _Int_m4UzaKSy]4x4 UL MIMO, including: 4 layers; ULFPTx mode 1
· [bookmark: _Int_aAcXMoHF]UE power class: PC1.5
· [bookmark: _Int_yVrn3z4W]PA configuration: 4x23dBm
Others would still be considered, but after the requirements are complete for prioritized scope.
· Further clarify the definition of PC1.5 for 4Tx case

3.2 MPR requirements framework
Agreement (GTW):
· [bookmark: _Int_wLBw8aRw][bookmark: _Int_gvkawMq0]For 4Tx MPR requirement, the high antenna isolation compared to handheld UE is assumed for CPE and FWA device. 
· For 4Tx MPR requirement, the same antenna isolation as for handheld UE is assumed for vehicular UE.


Figure 1 depicts the 4 PA transmission scenario for the high antenna isolation case for CPE and FWA devices. 



Figure 1 – 4PA scenario for high antenna isolation CPE and FWA equipment
[bookmark: _Int_DhehiAp4][bookmark: _Int_WtmPOsv5][bookmark: _Int_92Pj2BUu][bookmark: _Int_IcGHyhOM][bookmark: _Int_rZA4zAVt]For simplification only the interference into 1 PA from the other 3 are illustrated. In reality, each PA will cause interference to the other 3 PAs. For a QPSK signal having a PAPR of 4.5 dB it is seen that the combination of 3 such interfering signals can lead to a combined interferer with a PAPR as large as 8.5 dB with a power of 23-20+4.7=7.7 dBm  at the victim PA output for an antenna to antenna isolation of 20 dB.
[bookmark: _Int_ZoVpd0Uj]Figure 2 depicts the 2 PA scenario for PC2 with 10 dB of antenna to antenna isolation. 


Figure 2 – 2PA scenario for handheld UE
[bookmark: _Int_3EQ3tZFX][bookmark: _Int_gllkuEtt][bookmark: _Int_isrkRiE7]As can be seen for the 2 PA scenario the RMS interferer power as well as the peak power are larger but similar to those for the 4 PA scenario shown in figure 1. Therefore, we think that it is possible for the 2 PA MPRs for power class 2 with dual Tx given in table 6.2D.2-1 [2] to be used for the 4PA high antenna isolation scenario. 
Observation 1: It is possible to use MPR values for power class 2 with dual Tx given in table 6.2D.2.-1 of [2] for the 4 PA high antenna isolation scenario.
[bookmark: _Int_M04RZlKh][bookmark: _Int_N9cQQHzG][bookmark: _Int_rzqVMbCK]In WF [1] it was also agreed that vehicular UEs should have the same antenna isolation as UE handheld devices.  Our opinion is that a vehicular device will have larger form factors and greater antenna separation compared to UE handheld devices and should have antenna isolation similar to CPE and FWA devices.
[bookmark: _Int_DJsUPC8t]Proposal 1: Vehicular UEs due to their large form factor compared to UE handheld devices should have high antenna isolation characteristics similar to CPE and FWA devices.
[bookmark: _Int_5WqqLLmf]There is some confusion regarding the definition of PC1.5 power class that should be discussed further. In section 6.2D.1 [2] the following is mentioned “…for UEs indicating txDiversity-r16, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass.”. Furthermore, in section 6.2G.1 [2] it states, “For UE supporting Tx Diversity, the maximum output power as indicated by UE power class in Table 6.2.1-1is defined as the sum of the maximum output power from both UE antenna connectors”.
[bookmark: _Int_NudcH2A6][bookmark: _Int_NyjDeIar]Based on the above interpretation of the current specification we find that PC1.5 is defined as in section 6.2 as “the sum of the maximum output power from both UE antenna connectors” in Rel-16 specifications and rel-17 discussion is planning to mandate use of TxD indication for PC1.5 UEs. PC1.5 also uses reference “dual TX” as noted in the Table 6.2.1-1. As TxD was deprioritized in the 4 TX WI then according to the current specifications PC1.5 must be met with only a single PA, which we know is not possible at present. 

Observation 2: Current specifications define PC1.5 as the sum of the power from 2 PAs only for UEs that declare TxD capability

Treatment of current 4Tx UE with 4x23 dBm for single port configurations should be clarified. One approach is that  RAN4 can redefine PC1.5 to be the sum of all PAs regardless of whether a UE supports TxD or not. This would mean having a different power class for UL MIMO compared to single PA operation.

Proposal 2: RAN4 to further discuss whether to redefine PC1.5 to be the sum of power from all PAs regardless of whether a UE supports TxD or not
Conclusion
Based on the WF [1] we present the following observations and proposals to better clarify the on-going work. The following proposals and observations are made:
Observation 1: It is possible to use MPR values for power class 2 with dual Tx given in table 6.2D.2.-1 of [2] for the 4 PA high antenna isolation scenario.
Proposal 1: Vehicular UEs due to their large form factor compared to UE handheld devices should have high antenna isolation characteristics similar to CPE and FWA devices.
Observation 2: current specifications define PC1.5 as the sum of the power from 2 PAs only for UEs that declare TxD capability


Proposal 2: RAN4 to further discuss whether to redefine PC1.5 to be the sum of power from all PAs regardless of whether a UE supports TxD or not
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