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Introduction
Briefly introduce background, the scope of this summary (e.g. list of treated agenda items).
List of candidate target of discussions for this topic. 
· 1st round: TBA
· 2nd round: TBA
Topic #1: Issues for 4Tx (Agenda 8.6.2)
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218194
	Qualcomm Technologies Int
	4 Tx RF issues
Observation 1: Having separate requirements for CPE/FWA, vehicular and industrial devices would mean having to develop 3 separate specifications. Unless there is a significant benefit in having separate specifications a common set of requirements for CPE/FWA/Vehicular/Industrial devices should be adopted
Proposal 1: 2-layer UL-MIMO operation should be supported by transmitting 2 layers from 2 of the 4 PAs.
Proposal 2: for 2-layer operation with 4 antenna ports use TPMI=0 to 5  
	

	

	

	


	

	




Observation 2: In a 4 PA configuration each victim PA will only see at most 2 PAs with the minimum antenna isolation. The 3rd interfering PA will have a larger antenna isolation to the victim PA.
Observation3: It is important to determine how reverse IMD is modelled to determine the validity of the simulation results.
Proposal 3: 4 Tx MPR simulation results should be validated using measurements

	R4-2218529
	LG Electronics
	Discussion on 4Tx UE RF requirements
Proposal 1: Consider option 2 as follows for different UE type.
· Vehicular UE has the same antenna isolation as handheld UE (Previous agreement).
· Two sets of requirements for CPE/FWA/vehicle/industrial devices;
Proposal 2: Define whether to support PC1.5 with 4Tx or 2Tx assuming equal PA output power.
Proposal 3: Consider the existing 2Tx PC2 requirements and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5.
Proposal 4: Consider MPR as provided in Table 3 for PC1.5 4Tx (4x23dBm) for Vehicular UE or other industrial devices with antenna isolation of 10dB.
Proposal 5: Consider MPR as provided in Table 4 for PC1.5 4Tx (4x23dBm) for CPE/FWA or other industrial devices with antennal isolation of 20dB or above.

Table 3. Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 10dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 8.0
	≤ 3.0
	≤ 2.0

	
	QPSK
	≤ 8.5
	≤ 3.5
	≤ 2.0

	
	16 QAM
	≤ 8.5
	≤ 4.0
	≤ 2.5

	
	64 QAM
	≤ 8.5
	≤ 4.7
	≤ 4.5

	
	256 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	CP-OFDM
	QPSK
	≤ 9.5
	≤ 5.0
	≤ 3.5

	
	16 QAM
	≤ 9.5
	≤ 5.0
	≤ 4.0

	
	64 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	
	256 QAM
	≤ 9.5
	≤ 9.5
	≤ 9.5



Table 4. Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 20dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 7.5
	≤ 1.5
	≤ 0.5

	
	QPSK
	≤ 8.0 
	≤ 2.0 
	≤ 0.5 

	
	16 QAM
	≤ 8.0
	≤ 2.5 
	≤ 1.5 

	
	64 QAM
	≤ 8.0 
	≤ 3.0
	≤ 3.0 

	
	256 QAM
	≤ 8.0 
	≤ 6.0 
	≤ 6.0

	CP-OFDM
	QPSK
	≤ 8.0 
	≤ 3.5 
	≤ 2.0 

	
	16 QAM
	≤ 8.0 
	≤ 3.5 
	≤ 2.5 

	
	64 QAM
	≤ 8.0 
	≤ 5.0 
	≤ 5.0 

	
	256 QAM
	≤ 8.0 
	≤ 8.0 
	≤ 8.0




	R4-2218548
	Nokia, Nokia Shanghai Bell
	Power Class fallback aspect
Observation 1: Suitable ul-FullPowerTransmission can be different according to PC even for the same UE
Observation 2: If there is a no clear way for network to know being used PC due to fallback or return, it may cause issues that a capability, e.g., ul-FullPowerTransmission supported by a UE and/or RF performance like A-MPR may be very different from what network expects.
Observation 3: Specifications do not mention conditions on when UE shall return to a higher power class and which power class.
Proposal: Encourage companies to share views on if there are potential issues mentioned in Observation 1 - 3.

	R4-2218860
	vivo
	Further discussion on 4Tx UE RF requirements
Observation 1: Vehicular UE seems have more flexibility in UE form factor and implementation compared to handheld UE.
Observation 2: The requirements impact is still not that clear with different assumptions.
Proposal 1: Slightly prefer to have unified assumptions and requirements target for vehicular UE with CPE/FWA. If no consensus can be reached, the decision may also be postponed to the stage after the evaluation of both assumptions to see the impact of requirements.
Observation 3: The reporting of dutycycle by a UE is always optional for all the related scenarios.
Observation 4. There are different cases for behaviour without dutycycle reporting, with some consider a default dutycycle and use it, while others not using dutycyle at all.
Proposal 2: Further clarify “dutycycle solution” on the capability reporting and default behaviour without reporting.

	R4-2219035
	Xiaomi
	Discussion on 4Tx on for CPE FWA vehicle industrial devices
Observation 1: whether a separated requirement is needed or not relies on the further study on the MPR impact for different form factor.
Observation 2: handheld UE type is not included in the scope of WI.
Observation 3: Regarding option 2, there are some issues need to be clarified. For example, if option 2 is agreed, doesn’t it mean handheld UE will reuse the requirement for vehicular UE? Or we will define a third requirement for handheld UE if it is introduced in the future?
Proposal 1: in order to simplify the spec, and to consider that RF requirement is just the minimum requirements, only define one set of requirements for CPE/FWA/vehicle/industrial devices.
For SAR issue:
Observation 4: If uplink dytycycle is reported, as network could not differentiate the UE types, it may impact the performance of these devices due to unnecessary dutycycle restriction.
Observation 5: as the duty cycle capability is an optional capability, it could be up to the UE itself to decide whether to report or not.


	R4-2219207
	ZTE Corporation
	Further discussion on 4Tx UE RF requirements
Observation 1: Only some RF requirements should be re-defined for 4Tx and 8Rx, respectively.
Observation 2: The question itself should be whether to define one or two set of MPR requirements for 4Tx and ΔRIB,8R for 8Rx, respectively.
[bookmark: OLE_LINK6]Proposal 1: For 4Tx, it is proposed: (minor modification based on option 2.)
· Vehicular UE has same antenna isolation as handheld UE (Previous agreement)
· Two set of MPR requirements for CPE/FWA/vehicle/industrial devices;
Proposal 2: The discussion on duty cycle scheme for 4Tx should be focus on TDD band, rather than FDD band. 

	R4-2219567
	Huawei, HiSilicon
	On 4Tx UE RF requirements
Proposal 1: UL dutycycle as an optional solution to address the SAR/MPE issue could be considered for CPE/FWA/vehicle/industrial devices supporting 4Tx.
Proposal 2: Both PC2 and PC3 could be considered for the fallback power class and PA configuration of 2x26dBm or 23+26dBm is not considered during the discussion for the applicable requirements for fallback power class in phase 1.
Proposal 3: It is proposed to have one set of MPR requirements for CPE/FWA/vehicle/industrial devices. Values in-between of the available proposals could be considered after further evaluation.

	R4-2219592
	OPPO
	R18 Discussion on 4Tx FWA
UE assumptions
Observation 1:   It has been agreed in MPR evaluation that Vehicular UE has same antenna isolation as handheld UE, i.e. different antenna isolation assumption comparing to CPE/FWA devices.
Observation 2:   2Rx exception is allowed for Vehicular UE in current RAN4 spec which is a more relaxed antenna assumption even than handheld UE.
Proposal 1:         Keep previous agreement that Vehicular UE has same antenna isolation as handheld UE and two set of requirements for CPE/FWA/vehicle/industrial devices.
SAR for CPE/FWA/Vehicular UE
Observation 3:   SAR is not a key issue for CPE/FWA/Vehicular UE, and the applicable max Uplink duty cycle most likely is around 100% which makes the reporting is not much meaningful.
Proposal 2:         SAR issue can be left to UE implementation for at least CPE/FWA/vehicle devices, there is no need to further consider duty cycle capability to complex the discussion.
4Tx requirements for different antenna port configurations
Observation 4:   It is unclear whether 4Tx UE has to meet requirements for single antenna port, two antenna ports, and four antenna ports.
Observation 5:   4Tx TxD (single antenna port) and 2Tx TxD +UL MIMO (two antenna ports) requirements are not defined in current spec, Rel-17 only defined TxD requirements for 2Tx.

Proposal 3:         4Tx TxD with single antenna port configuration needs to be specified for UE with 4x23PAs.
Observation 6:   3Layer UL MIMO can be supported by UE and configured in NW, but doesn’t need to be tested in RAN4. Similar handling can be applied to 2Layer UL MIMO for 4Tx UE.
Proposal 4:         2Layer UL MIMO can be supported by 4Tx UE, but 2Layer requirements not need to be tested which is similar handling as 3Layer UL MIMO where RAN1 support this feature but not tested in RAN4.
Proposal 5:         Though RAN4 now discuss 4Tx with 4x23dBm PA configurations as first priority, the requirements should be defined as much as possible to be compatible with other PA configurations, e.g. 2x23dBm + 2x26dBm, 4x26dBm.
Power class fallback concept
Observation 7:   The power class fallback concept contradicts with the assumption that UE need to keep same power class among different antenna port configurations.
Proposal 6:         It is proposed to agree on whether UE need to keep same power class among different antenna port configurations first, if it is agreed then the power class fallback concept can be skipped.


	R4-2219992
	Lenovo
	EVM for Transmit Diversity with 4Tx
Proposal:  For 4Tx transmit diversity, define EVM as 

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

	R4-2219993
	Lenovo
	EVM for 4x4 UL MIMO
Proposal 1:  For less than full-rank transmission, measure the EVM for less than four-layer 4x4 UL MIMO 
	  using the pseudo-inverse receiver.
Proposal 2: To account for antenna correlation not observed in conductive measurements, increase the conductive EVM measurement by some fraction of the square root of the maximum combining gain so that

                      where f is in the interval (0, 1] and apply this increased EVM against the EVM requirement in Table 6.4.2.1-1 [4].
Proposal 3: Alternatively, in the case that increased MPR is defined for multi-antenna transmission, account for antenna correlation not observed in conductive measurements by increasing the conductive EVM measurement by 

                      where f is in the interval (0, 1] and apply this increased EVM against the EVM requirement in Table 6.4.2.1-1 [4].



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Different UE types
Sub-topic description:
Open issues and candidate options before f2f meeting:
Issue 1-1-1: Number of Requirements set(s)
· Proposals
· Option 1: Targeting one set of requirements including CPE/FWA/Vehicular/Industrial devices
· Antenna isolation of those types not necessarily the same.
· Option 2: Targeting two set of requirements for CPE/FWA and Vehicular UE respectively
· Option 3: Others
· Recommended WF
· TBA

Issue 1-1-2: SAR compliance

· Proposals
· Proposal 1: Further clarify whether “dutycycle solution” involves only the capability reporting, or also including default behaviour without reporting. (vivo)
· Proposal 2: Duty cycle capability not to consider for CPE/FWA/vehicle devices. (OPPO)
· Proposal 3: Duty cycle solution could be considered for CPE/FWA/Vehicle /industrial devices as optional. (Huawei)
· Recommended WF
· TBA

Sub-topic 1-2 Scope and MPR
Sub-topic description 
Open issues and candidate options before f2f meeting:
Issue 1-2-1: UL-MIMO 2-layer operation
· Proposals
· Proposal 1: 2-layer UL-MIMO operation should be supported by transmitting 2 layers from 2 of the 4 Pas. (Qualcomm)
· Proposal 2: For 2-layer operation with 4 antenna ports use TPMI=0 to 5 (Qualcomm)
	

	

	

	


	

	



· Proposal 3: 2Layer requirements not need to be tested. (OPPO)
· Recommended WF
· TBA

Issue 1-2-2: Power class fallback requirements
· Proposals
· Proposal 1: Consider existing 2Tx PC2 requirements (Assuming 23+23 dBm architecture) and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5. 
· Proposal 2: It is proposed to agree on whether UE need to keep same power class among different antenna port configurations first, if it is agreed then the power class fallback concept can be skipped.
· Option 2: TBA
· Recommended WF
· TBA

Issue 1-2-3: UE architecture
· Proposals
· Proposal 1: The requirements should be defined as much as possible to be compatible with other PA configurations, e.g. 2x23dBm + 2x26dBm, 4x26dBm (OPPO)
· Proposal 2: PA configuration of 2x26dBm or 23+26dBm is not considered during the discussion for the applicable requirements for fallback power class in phase 1. (Huawei)
· Recommended WF
· TBA

Issue 1-2-4: MPR requirements
· Proposals
· Proposal 1 (LGE)
· Consider MPR as provided in Table 3 for PC1.5 4Tx (4x23dBm) for Vehicular UE or other industrial devices with antenna isolation of 10dB.
· Consider MPR as provided in Table 4 for PC1.5 4Tx (4x23dBm) for CPE/FWA or other industrial devices with antennal isolation of 20dB or above.
Table 3. Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 10dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 8.0
	≤ 3.0
	≤ 2.0

	
	QPSK
	≤ 8.5
	≤ 3.5
	≤ 2.0

	
	16 QAM
	≤ 8.5
	≤ 4.0
	≤ 2.5

	
	64 QAM
	≤ 8.5
	≤ 4.7
	≤ 4.5

	
	256 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	CP-OFDM
	QPSK
	≤ 9.5
	≤ 5.0
	≤ 3.5

	
	16 QAM
	≤ 9.5
	≤ 5.0
	≤ 4.0

	
	64 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	
	256 QAM
	≤ 9.5
	≤ 9.5
	≤ 9.5


Table 4. Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 20dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 7.5
	≤ 1.5
	≤ 0.5

	
	QPSK
	≤ 8.0 
	≤ 2.0 
	≤ 0.5 

	
	16 QAM
	≤ 8.0
	≤ 2.5 
	≤ 1.5 

	
	64 QAM
	≤ 8.0 
	≤ 3.0
	≤ 3.0 

	
	256 QAM
	≤ 8.0 
	≤ 6.0 
	≤ 6.0

	CP-OFDM
	QPSK
	≤ 8.0 
	≤ 3.5 
	≤ 2.0 

	
	16 QAM
	≤ 8.0 
	≤ 3.5 
	≤ 2.5 

	
	64 QAM
	≤ 8.0 
	≤ 5.0 
	≤ 5.0 

	
	256 QAM
	≤ 8.0 
	≤ 8.0 
	≤ 8.0



· Proposal 2: 4 Tx MPR simulation results should be validated using measurements; (Qualcomm)
· Proposal 3: Values in-between of the proposals in above Table 3, 4 and Table 6.2D.2-2 of TS 38.101-1 could be considered after further evaluation for one set of MPR (Huawei)
· Recommended WF
· TBA

Sub-topic 1-3 Others
Sub-topic description 
Open issues and candidate options before f2f meeting:
Issue 1-3-1: Power Class fallback aspect
· Proposals
· Proposal: Encourage companies to share views on if there are potential issues mentioned in Observation 1 - 3. (Nokia)
· Observation 1: Suitable ul-FullPowerTransmission can be different according to PC even for the same UE
· Observation 2: If there is a no clear way for network to know being used PC due to fallback or return, it may cause issues that a capability, e.g., ul-FullPowerTransmission supported by a UE and/or RF performance like A-MPR may be very different from what network expects.
· Observation 3: Specifications do not mention conditions on when UE shall return to a higher power class and which power class.
· Recommended WF
· TBA

Issue 1-3-2: EVM for TxD
· Proposals
· Proposal:  For 4Tx transmit diversity, define EVM as 

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

Issue 1-3-3: EVM for 4x4 UL MIMO
· Proposals
· Proposal 1:  For less than full-rank transmission, measure the EVM for less than four-layer 4x4 UL MIMO using the pseudo-inverse receiver.
· Proposal 2: To account for antenna correlation not observed in conductive measurements, increase the conductive EVM measurement by some fraction of the square root of the maximum combining gain so that

 where f is in the interval (0, 1] and apply this increased EVM against the EVM requirement in Table 6.4.2.1-1 [4].
· Proposal 3: Alternatively, in the case that increased MPR is defined for multi-antenna transmission, account for antenna correlation not observed in conductive measurements by increasing the conductive EVM measurement by 

where f is in the interval (0, 1] and apply this increased EVM against the EVM requirement in Table 6.4.2.1-1 [4].
· Recommended WF
· TBA
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