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1.	Introduction
Release-18 introduced a new WID [1] that discusses enabling 4Tx on a single carrier. Based on this WID we pose some questions and modification that we think should be discussed and resolved to better clarify the scope of this work item. 
2. 	Discussion
In WID [1] the following is proposed for enabling 4TX on a single carrier. 

[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.


It is anticipated that 4 Tx designs will have some implementation challenges due to the interference between PAs. This interference which is like that in 2 PA designs will cause reverse IMDs that will impact the EVM performance of the PAs. 
Observation 1: The PAs in 4 TX implementations will encounter mutual interference causing reverse IMDs to be created which may degrade the EVM of each Tx output.
However, the interference for 4 TX designs may be worse due to the greater number of PAs compared to the 2 Tx designs as 1 PA will have 3 interferers impacting it. The presence of reverse leakage from these interferers will cause errors in the power control loop of the individual PA outputs due to the difficulty for the circuitry to separate the valid PA signal from the interferers. Care will have to be used to maintain good isolation between PAs to minimize leakage power and the generation of reverse IMDs. 
Observation 2: Reverse leakage from interfering TXs will cause interference in the power control loop of individual PAs leading to errors in output power.
As the intended application is CPE, FWA, vehicular and industrial designs the form factor challenges experience by UE handhelds in 2 Tx designs may be somewhat relaxed thereby enabling a greater spacing between antennas. However, greater form factor may also lead to larger path loss differences between a given PA and the various antennae which may become an issue when doing SRS antenna switching.  
There are several issues that should be resolved regarding the scope of this WI prior to initiating work on this topic. It should be determined whether 4X4 UL MIMO will be release independent from release-15 or whether it will only be supported from release-18. Also, it should be noted that both RAN1 and RAN2 already support 4-layer transmission.
Observation 3: RAN4 should determine whether 4X4 UL MIMO will be release independent from release 15 or will only be supported from release-18 onwards
An examination of the current WID shows that there is a total of 3 band, 2 Tx modes, 3 PA configurations and 3 power classes when all the first and second priorities are considered. This is over 48 potential combinations that can be investigated and more if all Tx diversity options are considered. We think that it is better to concentrate on the first priorities in the current WID and down scope the second priority items to a follow on WID which can be handled once the specifications for the first priority issues are completed. 
Proposal 1: Down scope the current WID to retain only the first priority items. The second priority topics should be handled in a second WID once the specifications for the first priority issues are completed. 
Also, it should be noted that for 4 Tx operation a different set of MPR tables may be required than those for 2 TX that are in the current specification.  Another issue to consider in whether 4 TX operation will encompass 3-layer operation as well where one Tx is turned OFF?
Observation 4: Will the MPR tables for 2Tx be used for the 4Tx implementation or will a new set of MPR tables be defined for 4Tx?
Observation 5: Will 4 Tx operation encompass 3-layer operation where one Tx is turned OFF?
Also, is 4Tx operation on a given band only for standalone mode? If that band is used for DLCA where 2 Rx may be reassigned to the other band does the transmission on the original 4 Tx band drop to 2 Tx?
Observation 6: Will 4 Tx on a given band reduce to 2 Tx operation for specific DLCA cases where 2 Rx may be reassigned to the other DLCA band?
Conclusion
Based on the information presented in [1] we pose the following observations and questions to better clarify the scope of this work. The following proposals and observations are made:

Observation 1: The PAs in 4 TX implementations will encounter mutual interference causing reverse IMDs to be created which may degrade the EVM of each Tx output.
Observation 2: Reverse leakage from interfering TXs will cause interference in the power control loop of individual PAs leading to errors in output power
Observation 3: RAN4 should determine whether 4X4 UL MIMO will be release independent from release 15 or will only be supported from release-18 onwards
Proposal 1: Down scope the current WID to retain only the first priority items. The second priority topics should be handled in a second WID once the specifications for the first priority issues are completed. 
Observation 4: Will the MPR tables for 2Tx be used for the 4Tx implementation or will a new set of MPR tables be defined for 4Tx?
Observation 5: Will 4 TX operation encompass 3-layer operation where one Tx is turned OFF?
Observation 6: Will 4 Tx on a given band reduce to 2 Tx operation for specific DLCA cases where 2 Rx may be reassigned to the other DLCA band?
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