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1	Introduction
In this contribution, we would like to share some further views on UE RF enhancement based on the latest summary [1].
2 Discussion
2.1. HPUE
· High power UE (HPUE) for CA (non-spectrum item for the combinations which need generic requirements)
· PC1.5 UE for intra-band contiguous CA with or without UL MIMO with 2Tx
· PC1.5 UE for two band inter-band CA with 2Tx and/or 3Tx for handheld and FWA
· 3Tx specifics: Also PC2?; EN-DC?
Generic framework of support increasing UE power high limit for inter-band CA HPUE (only for TN) for different power classes
· Do we need a study phase, e.g.. in 2Q’24 (1 quarter)?
· Further discussion on other type of HPUE CA band combinations.
· Further discussion on whether to introduction of HPUE for EN-DC
· Further discussion on whether to introduce PC1.5 for intra-band non-contiguous

[bookmark: OLE_LINK1]Regarding the PC1.5 UE for two band inter-band CA with 3Tx, indeed PC1.5 3Tx ENDC band combination is included in the objectives in current Rel-18 3Tx related WIDs, however there were no PC1.5 3Tx ENDC band combinations included in the latest WID in the RAN4 last meeting (i.e. RAN4 #110) due to no operators requested PC1.5 3Tx ENDC band combination so far. In our understanding, if there are no clear operator demands for PC1.5 3Tx ENDC band combination, then there is no need to include this type of 3Tx band combination.
[bookmark: OLE_LINK5]For 3Tx inter-band CA, both PC2 and PC1.5 CA power class are included in current Rel-18 3Tx related WIDs, and there were several PC2 and PC1.5 3Tx inter-band CA band combination included. Meanwhile, there are ongoing requests for PC2 3Tx inter-band CA band combinations from operators. Moreover, technically speaking, PC2 band combination can be seen as the power fallback behavior of PC1.5 band combination when the duty cycle condition is met such as the average percentage of uplink symbols transmitted in a certain evaluation period is larger than 0.5maxUplinkDutyCycle-interBandCA-PC2 but less than or equal to maxUplinkDutyCycle-interBandCA-PC2. In other words, PC2 3Tx band combination shall be supported when PC1.5 3Tx band combinations are supported. Otherwise, the power fallback behavior would be problematic.
It shall be noted that 3Tx band combination is applicable for only FWA UE in Rel-18, but the work can be extend to handheld UE due to almost all of the band combination specific RF requirements are applicable for both FWA UE and handheld UE. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Regarding the generic framework of supporting increasing UE power high limit for inter-band CA HPUE, only the scenario of PC2 band combination power class with PC2 and PC3 power configurations for the constitute band was included in Rel-17, and each constitute band is single carrier. In Rel-18, some additional scenarios are included, such as PC3 band combination power class with PC3 and PC5 power configurations for the constitute band, also intra-band UL CA can be supported in the constitute band. The approach of increasing UE power high limit for the band combination in  Rel-17 is applied to Rel-18 work, which are: 
· For only 1 CC is supported in each UL band, PPowerClass,CA is replaced by 10 log10 ∑pPowerClass,c, where the pPowerClass,c is the linear value of the maximum UE power for serving cell c according to the reported power class per band.
· For intra-band CA is supported in the UL band, PPowerClass,CA is replaced by 10 log10 (pPowerClass,A + pPowerClass,CA,B), where pPowerClass,A is the linear value of the maximum UE power for serving cell c according to the reported power class per band and pPowerClass,CA,B  is the linear value of the maximum UE power for serving cell(s) on the operating band B including intra-band carrier aggregation 
In other words, the summed power is the power of each band according to the reported power class per band
It should be noted the work for increasing UE power high limit in both Rel-17 and Rel-18 are still only focus on 2Tx inter-band band combination, and there are two PAs in total where one PA for each band. For 3Tx inter-band band combination, there are three PAs in total due to UL MIMO/TxD PC1.5 TDD band is included, and 2PAs are supported in this PC1.5 band. In this case, we think the current Rel-17/Rel-18 approaches can still be applied since PC1.5 TDD band shall be implemented via 2Tx/2PA with 26dBm in each (i.e. in the UL MIMO/TxD mode), the power for the two PAs is 29dBm, which equals to the power class of the PC1.5 band. Then if the UE indicates higherPowerLimit-r17, the PPowerClass,CA is replaced by 10 log10 ∑pPowerClass,c , which is 23+29dBm ~=30dBm. From this perspective, we think there is no need a study phase fro 3Tx band combination.
Based on the above considerations, we proposed to update the objective as following: 
· High power UE (HPUE) for CA (non-spectrum item for the combinations which need generic requirements)
· PC1.5 UE for intra-band contiguous CA with or without UL MIMO with 2Tx
· PC1.5/PC2 UE for two band inter-band CA with 2Tx and/or 3Tx for handheld and FWA
Generic framework of support increasing UE power high limit for inter-band CA HPUE (only for TN) for different power classes

· Further discussion on other type of HPUE CA band combinations.
· Further discussion on whether to introduction of HPUE for EN-DC
· Further discussion on whether to introduce PC1.5 for intra-band non-contiguous

2.2. MPR reduction
· (Ensure reasonable load) Power boosting or MPR reduction for PC2/PC3 with ACLR relaxation with BS indication (Study on whether and how much the requirement can be relaxed first and how often the power boosting can be done, and at least lower modulation order need be studied and FFS on higher modulation order) for FR1 and FR2
· A study phase is necessary
· Is there a need to consider RedCap?
· MPR reduction for UL contiguous CA in FR1/FR2
· How about a single active UL carrier case when CA is configured?
Regarding the power boosting or MPR reduction based on the relaxed ACLR requirements for lowest modulation orders,  since MRP reduction is highly related with ACLR relaxation, however how much relaxation is allowed for ACLR is still up to further system level coexistence study evaluations, then based on the relaxed ACLR requirement, further MPR reduction could be evaluated within the interested companies.  
In addition, based on the motivation clarified so far, we think that the ACLR relaxation outside BS/ BS aggregated channel bandwidth or towards different operators are not allowed since this ACLR assumptions should be used as generic assumption in the past and also used as basis for other regulatory body for sharing and compatibility study (e.g. ITU-R WP5D etc).
Regarding the modulation orders, from our understanding,  up to 16QAM in FR1, MPR requirements are still mainly limited by ACLR for outer RB allocations, if the modulation is 64QAM or 256QAM in FR1, then MPR requirements would be mainly dominated by the EVM requirements for both outer RB and inner RB allocations, therefore we propose to focus on modulation orders up to 16QAM.  
For MPR reduction for UL contiguous CA in FR1 and FR2, the motivation for the relaxation of MPR reduction are slightly different from our understanding.  For FR1 UL intra-contiguous CA, the MPR requirement is still based on the aggregated CA channel bandwidth, however this should be more reasonable to related with activated Pcell or Pcell and Scell instead of Pcell and Scell configuration. 
For MPR requirements for FR2 intraband ULCA or single carrier, based on the FR2 RF architecture assumptions in the previous release, the MPR requirement are still dependent on the DL aggregated channel bandwidth due to some sharing RF component between DL and UL transceivers, however based on the technique evolution and other implementation choices, it might be possible to specify the FR2 intra-band UL CA or single carrier MPR requirement based on the UL activated carriers.   
Based on the above considerations, we proposed to update the objective as following: 
· Study and specify if necessary Power boosting or MPR reduction for PC2/PC3 with ACLR relaxation with BS indication (Study on whether and how much the requirement can be relaxed first and how often the power boosting can be done, and up to 16QAM need be studied for FR1 and FR2
· ACLR relaxation outside of BS channel bandwidth or aggregated channel bandwidth or towards different operator are not allowed in this release.
· MPR reduction for UL contiguous CA in FR1/FR2
· For FR1, the MPR requirement is decided by the UL activated carrier bandwidth; 
· For FR2, the MPR requirement is decided by the UL activated carrier bandwidth not related with DL aggregated channel bandwidth. 

2.3. 6Rx
· Investigate and enable 6Rx on higher frequency bands (>2.5GHz ) targeting at support of smartphone and FWA
· Specify the requirements to support SRS antenna switching
· FFS on the MIMO layer to be supported.
· Further discussions on the following potential objective:
· Improved SRS reporting for antenna switching usage
Based on the latest summary [1], DL MIMO layers for UE Rx is still FFS, from our understanding,  both 4/6 DL MIMO layers could be supported for 6Rx. In addition, regarding the improved SRS reporting for antenna switching, this is well discussed in the previous release from RAN1 MIMO topics to RAN4 SRS antenna port related switching, the insertion loss for some SRS port transmission was observed,  this will have direct impacts on the UL SRS estimation. 
Based on the above considerations, we proposed to update the objective as following: 
· Investigate and enable 6Rx on higher frequency bands (>2.5GHz ) targeting at support of smartphone and FWA
· Example bands: n41, n77/n78, n79
· Specify the requirements to support SRS antenna switching
·  4/6 DL MIMO layer to be supported.
· Improved SRS reporting for antenna switching usage

3	Conclusions
In this contribution, we share some further consideration on Rel-19 UE RF  enhancement based on the RAN/RAN4 leadership’s proposal and proposed objectives are listed as following:
HPUE:
· High power UE (HPUE) for CA (non-spectrum item for the combinations which need generic requirements)
· PC1.5 UE for intra-band contiguous CA with or without UL MIMO with 2Tx
· PC1.5/PC2 UE for two band inter-band CA with 2Tx and/or 3Tx for handheld and FWA
Generic framework of support increasing UE power high limit for inter-band CA HPUE (only for TN) for different power classes

MPR reduction:
· Study and specify if necessary Power boosting or MPR reduction for PC2/PC3 with ACLR relaxation with BS indication (Study on whether and how much the requirement can be relaxed first and how often the power boosting can be done, and up to 16QAM need be studied for FR1 and FR2
· ACLR relaxation outside of BS channel bandwidth or aggregated channel bandwidth or towards different operator are not allowed in this release.
· MPR reduction for UL contiguous CA in FR1/FR2
· For FR1, the MPR requirement is decided by the UL activated carrier bandwidth; 
· For FR2, the MPR requirement is decided by the UL activated carrier bandwidth not related with DL aggregated channel bandwidth. 

6Rx:
· Investigate and enable 6Rx on higher frequency bands (>2.5GHz ) targeting at support of smartphone and FWA
· Example bands: n41, n77/n78, n79
· Specify the requirements to support SRS antenna switching
·  4/6 DL MIMO layer to be supported.
· Improved SRS reporting for antenna switching usage
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