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1. Introduction

In the previous RAN
-P and RAN4 meetings, there were extensive discussions on FR1 UE RF enhancement and several interesting directions proposed by the companies. However, there are still lots of open issues or ambiguous issues left for further discussions. In addition, considering the workload for FR1 UE RF enhancement, some topics should be treated with relative high priorities than others to have well manageable workload in RAN4.
· Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices (RAN4)
· Enable [6Rx and] 8Rx for CPE/FWA/vehicle/industrial devices (RAN4)
· Investigate 6Rx on higher frequency bands targeting at support of smartphone (RAN4) 

· Study and specify requirements to support 3Tx considering the following use cases (RAN4) 

· Investigate the feasibility of lower MSD for inter-band CA/EN-DC/[DC] combinations (RAN4) 

2. Discussion              

2.1.Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices 
Firstly, we are supportive on this 4Tx feature on CPE/FWA/vehicle/industrial devices to broaden the application of NR RAT and meet the high-end market demand for CPE device etc. However currently, there are still some objectives left in the square bracket which needs more clarifications.

In order to have the manageable workload for 4Tx in Rel-18, then we think that Note 1 should be acceptable and square bracket could be removed. For FDD band to support 4Tx, at least the study REFSENS degradation due to 4Tx FDD operation should be necessarily considered. From the project management perspective, if the workload for Rel-18 4Tx is too high, then to consider the release independent way for 4Tx in FDD band could be also one option which is similar as the treatment of 8Rx in FDD band.

In addition, for power class and PA configuration for UL MIMO and TXD needs more clarifications. From our understanding that, first priority should be PC1.5 with PA configuration assumption as 23dBm x4 and secondly priority should be new PC with PA configuration assumption as 26dBm x4. 
	· Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices (RAN4)
· Investigate framework and architecture 
· Example bands: n41, n77 and n78 (other bands to be introduced in the release independent way later from Rel-18) 
· [FFS on FDD example band] 
· [Note 1: the total number of example band should be limited to 3.] 
· [Note 2: if FDD example band is added, study the REFSNES degradation due to 4Tx FDD operation in the example band] FDD bands are not precluded to be introduced in the release independent way later from Rel-18.
· 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: 23dBm x 4, 26dBm x4] 
· For UE power class for both UL MIMO and TXD if necessary 
· first priority: PC 1.5 [PA configuration assumption: 23dBm x 4]
· second priority: new PC [PA configuration assumption: 26dBm x 4]
· Note: PC1.5 and new PC are only applicable for TDD bands 


2.2. Enable [6Rx and] 8Rx for CPE/FWA/vehicle/industrial devices 

Similar as 4Tx, we are also supportive on this 8Rx feature on CPE/FWA/vehicle/industrial devices to broaden the application of NR RAT and meet the high-end market demand for CPE device etc. Regarding the support of 6Rx feature to enable more flexibility of CPE device, we are neutral on this topic. From our understanding, 8Rx feature should be still treated with higher priority than 6Rx based on the current market demand as far as what we can identify. 
	Core part:
· Enable [6Rx and] 8Rx for CPE/FWA/vehicle/industrial devices (RAN4)
· Example bands: n41, n77 and n78 (other bands to be introduced in the release independent way later from Rel-18) 
· Specify the UE RF requirements to support [6Rx and] 8Rx 
· [Study the extension to 6/8 antenna SRS antenna switching] 
               Note 1: Other TDD bands and FDD bands are not precluded to be introduced in the release independent way later from Rel-18. 
Note 2: 8Rx should be treated with higher priority than 6Rx in Rel-18. 
Perf part:
· Enable [6Rx and] 8Rx for CPE/FWA/vehicle/industrial devices 
· Specify RLM test cases with 8Rx 
· Specify UE demodulation performance and CSI requirements to support [6Rx and] 8Rx 
· Specify the requirements with 8 MIMO layers 
             Note 1: Other TDD bands and FDD bands are not precluded to be introduced in the release independent way later from Rel-18. 

Note 2: 8Rx should be treated with higher priority than 6Rx in Rel-18


2.3. Investigate 6Rx on higher frequency bands targeting at support of smartphone  

For 6Rx application on smart phone in the higher frequency bands, we are also supportive on this work in Rel-18, however if there is any workload concern on FR1 UE RF enhancement, this topic would be treated with lower priority than other topics. 
	Core part:
· Investigate 6Rx on higher frequency bands targeting at support of smartphone (RAN4) 
· Investigate the feasibility whether 6Rx can be supported by smartphone 
· Feasibility study includes performance gain and form factor restrictions 
· Example bands are n41, n77 and n78 (other bands to be introduced in the release independent way later from Rel-18) 
· Study the applicable frequency upper bound to support 6Rx. 
· Specify the requirements to support 6Rx subject to the conclusion of feasibility study 
· Specify the UE RF requirements to support 6Rx 
· [Study the extension to 6 antenna SRS antenna switching] 
Perf part:
· Investigate 6Rx on higher frequency bands targeting at support of smartphone 
· Specify the requirements to support 6Rx subject to the conclusion of feasibility study 
· Specify RLM test cases with 6Rx 
· Specify UE demodulation performance and CSI requirements to support 6Rx 
· [Investigate the feasibility and if necessary define the requirements with MIMO layer larger than 4] 


2.4. Study and specify requirements to support 3Tx considering the following use cases 

For 3Tx transmissions for two band inter-band UL CA/ENDC/SUL, since the 1st sub-bullet should be for Tx switching with 2Tx simultaneous transmissions, therefore the main bullet should be revised to 3Tx transmissions instead of 3Tx simultaneous transmissions otherwise the main bullet and 1st sub-bullet is not aligned with each other. 

For 2nd sub-bullet, to have 3Tx simultaneous transmission, no Tx switching is needed, indeed this should be inter-band CA/ENDC with 1TX on one uplink band and 2Tx on the other uplink band, in general we are also fine with this feature if the current UE hardware is capable for that functionality and power consumption of 3Tx simultaneous transmission is also well controlled to the reasonable and acceptable level. In addition, considering the workload for other FR1 UE RF topics, if 3Tx is approved finally, it’s better to have one dedicated WID for this topics, otherwise the scope of umbrella WID for FR1 UE RF enhancement might be too broad which should be very challenging from RAN4 project management perspective. 
	· Study and specify requirements to support 3Tx considering the following use cases (RAN4) 
· 3Tx simultaneous transmissions for two band inter-band UL CA/ENDC/SUL with 1Tx on one uplink operating band and 2Tx on the other uplink operating band for single carrier with UL MIMO or intra-band contiguous CA+UL MIMO 
· Specify Tx switching transmission enhancement [if needed](RAN2, RAN4) 
· Cover inter-band UL CA , ENDC and SUL case 
· Identify and specify RAN2 signaling design is needed 
· Identify and specify the necessary RF requirements if needed 
· [Specify 3Tx simultaneous transmission for inter-band UL CA and EN-DC] 
· Power enhancement  
· Study of the definition of power class starts after the completion of Rel-17 PowerLimitCA_DC WI. 


2.5. Investigate the feasibility of lower MSD for inter-band CA/EN-DC/[DC] combinations 

Firstly, we are also supportive on this low MSD topic to specify more reasonable and acceptable requirement based on the current state of art, however there are also some open issues needed to be addressed.

Firstly, since MSD requirement for NR-DC is reusing from that requirement of inter-band CA, therefore the low MSD should be also applicable for NR-DC, therefore we propose to remove the square bracket for DC.

Secondly, since there would be different types of UE with diverse MSD performance for the same UL configurations, then the key question is how the network could utilize the information for better scheduling to improve the network performance, therefore the generic approach of UE capability indication is still necessary to boost the network performance, therefore we propose to remove the square bracket for the last sub-bullet.
	· Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations (RAN4) 
· Example band combinations: CA_n1-n77, CA_n3-n41 
· Study how the MSD performance can be improved for example band combinations 
· Study correlation of MSD improvement between different MSD resources (harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing) 
· Study whether the generic approach can be applied based on UE indication of capability 


3. Conclusions
In this contribution, we elaborated our further views on how FR1 UE RF characteristic in Rel-18 could be further improved to enable more advanced features and ensure the better NR system performance.
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