[bookmark: _Int_HMVino6t][bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting #107                                                     R4-2307251
Incheon, Korea (Republic Of), 22nd – 26th May, 2023


Source:	Qualcomm Incorporated

[bookmark: _Int_16Yf1rgb][bookmark: _Int_8aI9cv04]Title:	4 TX RF issues
Agenda item:	8.5.1.1

Document for:	Approval

1.	Introduction
In RAN4#106bis-e there was much discussion on 4 Tx issues and a WF was generated capturing agreements and issues for further discussion [1].  Most stage 1 issues were resolved with a one item regarding supporting rank2 deferred to stage2 of the WI. In this paper we present our views on stage 2 issues.   
2. 	Discussion
In the WF from RAN4#106bis-e [1] the following issue was captured:
1 Way Forward
1.1 Test configurations needed
Issue 1-1-1: Whether non-full power (power scaling / fall back) cases are needed to verified? 
Agreement: 
· For Stage-1 cases, no fall back mode test with achievable power lower than power class or power scaling will be considered.
· Power Scaling mentioned here is defined in RAN1 spec since Rel-15
· Fallback concept may need to be further clarified.
· E.g. UE would have different achievable maximum output power with different antenna configurations.
· For Stage-2 cases, more discussion is needed on this issue. 
[bookmark: _Hlk133290035]Issue 1-1-2: Whether Full power rank 2 configurations are needed for verification?  
Agreement: 
· For Stage-1, Full power rank 2 configurations are not considered for verification.
· For Stage-2, more discussions are needed for the following options (Currently no Tx architecture precluded). E.g.
· Not needed
· Mode 1 only
· Mode 1 + Mode 2 

Sub-topic 1-2 MPR requirements
Issue 1-2-1: The antenna isolation for 4Tx PC1.5 4x23dBm PA MPR.
Agreement:
· Continue to use 10/20dB antenna isolation as in legacy case in requirements derivation. Detailed discuss with MPR requirements. 

Issue 1-2-2: What MPR requirements should be used?
Agreement: 
· Using 2 set of MPR requirements as a starting point and discuss the details in the draft CR 


Based on the above agreements reached in RAN4#106bis-e we think that most of the major issues related to stage 1 of the WI are complete and we can now start analysing the stage 2 Tx configuration which are namely:
· 2 X 23dBm + 2 X 26 dBm
· 4 X 26 dBm

The above Tx architectures can also use the following precoder matrix defined for 4 X 23 UL MIMO transmission in stage 1 of the WI:

The 2 X 23dBm + 2 X 26 dBm and 4 x 26 dBm architectures can use this precoder matrix to achieve PC1.5 in 4- layer operation.
Proposal 1: Allow the 2 X23 + 2 X 26 dBm and 4 X 26 dBm Tx architectures to use the precoder matrix given below for UL MIMO 4-layer transmission.


Also, the 2 X23 dBm + 2 X 26 dBm and 4 X 26 dBm Tx architectures can support 1-layer ULFPTx mode 1 operation using TPMI=13 matrix given below similar to the 4 x 23 dBm Tx architecture analysed in stage 1:



In 1-layer operation the 2 X 23dBm + 2 X 26 dBm and the 4 x 26 dBm architectures can use this precoder matrix to achieve ULFPTx mode 1 operation.
Proposal 2: Allow the 2 X23 + 2 X 26 dBm and 4 X 26 dBm Tx architectures to use the precoder matrix given below for 1-layer ULFPTx mode 1 operation.





For the 4 Tx architectures defined for study in stage 2 when transmit diversity is declared the EVM can be defined using the same formula given below as was agreed for stage 1 of this WI. 


· where  is the EVM measured at the i-th antenna connector and  is the power measured at the i-th antenna connector.

Proposal 3: Allow the use of the EVM formula given below to obtain the total EVM for Tx architectures 2 X23 dBm + 2 X 26 dBm and 4 X 26 dBm when support for Tx diversity is declared. 


As mentioned in [2] it is important for all 4Tx architectures to support 2L UL full power operation similar to the 2 X 26 dBm Tx architecture documented in the current standard. In stage 1 it was agreed that 1-layer and 4-layer operation would be supported therefore not supporting 2-layer would make the 4 Tx architectures inferior to the current 2 X 26 dBm configuration. We have stated in [2] that 4Tx UE can support full power operation for rank 2 UL using both mode 1 and  mode 2 operation. For mode1 full power PC1.5 can be achieved by using the 2-layer TPMI=6 given in figure 1
[image: ]
Figure 1- Precoding matrix for 2-layer transmission using 4 antenna ports with transform precoding disabled

For mode 2 full power PC1.5 can be achieved for the 2 X 23 + 2 X 26 dBm Tx architecture by using the appropriate TPMI [0-5] where the 2 26 dBm PAs are mapped to 1 port on each layer. For the 4 X 26 dBm architecture any TPMI from 0 to 5 can be used as the 4 26 dBm PAs can be mapped to all 4 ports. For the 4 X 23 dBm architecture full power PC1.5 in mode 2 can be achieved using a 2-layer identity matrix in which each port is virtualized to 2 X 23 dBm PAs there by giving 29 dBm from both ports. 
Proposal 4: Verify full power rank 2 UL operation for 4 X 23 dBm Tx architecture in mode 1 and mode 2 operation.
Proposal 5: Verify full power rank 2 UL operation for 2 X 23 + 2 X 26 dBm Tx architecture in mode 1 and mode 2 operation.
Proposal 6: Verify full power rank 2 UL operation for 4 X 26 dBm Tx architecture in mode 1 and mode 2 operation.

Conclusion
In this paper we present the following proposals and observations on the going work in this WI. 
Proposal 1: Allow the 2 X23 + 2 X 26 dBm and 4 X 26 dBm Tx architectures to use the precoder matrix given below for UL MIMO 4-layer transmission.


Proposal 2: Allow the 2 X23 + 2 X 26 dBm and 4 X 26 dBm Tx architectures to use the precoder matrix given below for 1-layer ULFPTx mode 1 operation.



Proposal 3: Allow the use of the EVM formula given below to obtain the total EVM for Tx architectures 2 X23 dBm + 2 X 26 dBm and 4 X 26 dBm when support for Tx diversity is declared. 

Proposal 4: Verify full power rank 2 UL operation for 4 X 23 dBm Tx architecture in mode 1 and mode 2 operation.
Proposal 5: Verify full power rank 2 UL operation for 2 X 23 + 2 X 26 dBm Tx architecture in mode 1 and mode 2 operation.
Proposal 6: Verify full power rank 2 UL operation for 4 X 26 dBm Tx architecture in mode 1 and mode 2 operation.
References
[1] R4-2306595, WF on 4Tx UE RF requirements, RAN#106bis-e, Apr. 22-26, 2023
[2] R4-2304390, 4 TX RF issues, RAN4#106bis-e, Apr 22-26, 2023

oleObject1.bin

oleObject2.bin

image2.png
7
(ordered from left o right in increasing order of TPMI index)

TPMI index





oleObject3.bin

image1.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

j

j

1

1

2

1


