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Introduction
This email thread discusses requirements for 8Rx for CPE/FWA/vehicle/industrial devices in WI of Further RF requirements enhancement for NR frequency range 1 (FR1).
· Topic #1: ΔRIB for 8Rx
· Topic #2: ΔTRxSRS indication from UE to NW
· Topic #3: Others
· Topic #4: Draft CR

List of candidate target of discussions for this topic. 
· 1st round: 
· Topic #1: Try to agree the value of ΔRIB. 
· Topic #2: Firstly discuss “Issue 2-1-1: Whether or not actual ΔTRxSRS are compensated at UE.”
· Topic #3: Sub-topic 3-2 would be prioritized: “The number of Rx antenna ports for UE supporting 8Rx for single carrier REFSENS and other Rx requirements”
· Note: draft CR is treated if necessary to proceed with the discussion. Feedbacks to the proponents are encouraged toward the completion of this WI.
· 2nd round: Try to agree the way forward and discussion points toward next meeting.
Topic #1: ΔRIB
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307305
	NTT DOCOMO, INC
	Proposal 1: For ΔRIB,8R, agree -4.0dB for n41/n77/n78/n79 and -4.5dB for n7.

	R4-2308124
	Samsung
	Proposal 1: For ΔRIB,8R, it is suggested to adopt -4.0dB for TDD bands n41/n77/n78/n79, and -4.5dB for n7. 

	R4-2308225
	Ericsson
	Proposal 1: The REFSENS requirement shall be specified under the assumption that PDSCH decoding is not significantly impacted by PDCCH misdetection, which is ensured by configuring the appropriate AL value for a conformance test if needed and which should not be done by increasing the REFSENS value.
Proposal 2: For the sake of progress, on top of “No consensus on PDCCH aggregation level for 8Rx in RAN4, and RAN4 does not specify PDCCH aggregation level in RAN4 specification” compromise, we propose the following compromise for ΔRIB,8R value:
· -4.5dB for n7/n41
· -4.0dB for n77/n78/n79

	R4-2308965
	OPPO
	Observation 1:   -4dB for delta RIB,8R was defined for LTE b41/42/43 considering the IL differences among different Rx paths and coupling among Rx paths, these issues also exist in NR CPE/FWA and no difference from LTE handheld UE.

Proposal 1:         Delta RIB,8R for NR CPE/FWA can be defined as -4dB for bands n41/n77/n78/n79 and -4.5dB for n7 as a package.

	R4-2309010
	Xiaomi
	Proposal 1: apply the following values for ΔRIB,8R for different NR bands 
•	 -4.5dB for n7
•	 -4.0dB for n41/n77/n78/n79

	R4-2309353
	Qualcomm Incorporated
	Proposal 1:
Specify the following ΔRIB,8R
· -4.0dB for n77/n78/n79
· -4.3dB for n7/n41



Open issues summary
Sub-topic 1-1 ΔRIB
Issue 1-1-1: How to derive ΔRIB
· Proposals
· Option 1: The REFSENS requirement shall be specified under the assumption that PDSCH decoding is not significantly impacted by PDCCH misdetection, which is ensured by configuring the appropriate AL value for a conformance test if needed and which should not be done by increasing the REFSENS value. (Ericsson)
· Option 2: Other
· Recommended WF
· TBA

Issue 1-1-2: Value of ΔRIB
· Proposals
· Option 1: -4.0dB for n41/n77/n78/n79 and -4.5dB for n7 (DOCOMO, Samsung, OPPO, Xiaomi).
· Option 2: -4.0dB for n77/n78/n79 and -4.5dB for n7/n41 (Ericsson).
· Option 3: -4.0dB for n77/n78/n79 and -4.3dB for n7/n41 (Qualcomm).
· Recommended WF
· Check if option 1 is agreeable.

Topic #2: ΔTRxSRS indication from UE to NW
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307091
	Spreadtrum Communications
	Proposal 1: It is suggested that UE report the actual IL statically without calibration compensation and adjustment of PA and RFIC parameters between main branch and diversity branch, otherwise report the actual output power of SRS dynamically.
Proposal 2: Regardless of the reporting solutions, it is suggested that the reporting of this capability is optional.
Proposal 3: The reporting mechanism of 8RX is also applicable to 2RX/4RX.

	R4-2307122
	Nokia, Nokia Shanghai Bell
	Observation 1: Fixed power imbalance approach (maintain power imbalance at respective antenna ports depending on the indicated actual ∆TRxSRS, p) works regardless of the required UE power level if losses are reasonable levels.
Observation 2: Fixed power imbalance approach may not work if some of the losses are too large whose power(s) may not be accurately measured by gNB due too weak signal with consideration of poorer antenna gains for these ports compared to that for the primary antenna’s gain.
Observation 3: TS38.213 expects the same output power across antenna ports (hereafter, this is called no power imbalance approach) in an SRS resource set. Hence, if UE is compliant to no power imbalance approach, indicated ∆TRxSRS shall not be used as error correction factor at gNB.
Observation 4: Though TS38.213 expects no power imbalance across ports within the same SRS resource set, at least it may not be practical to perform it when the output power at the antenna port to deliver the highest maximum output power exceeds power class - max {∆TRxSRS,p | p=0, 1, …m} . For example, max {∆TRxSRS,p | p=0, 1, …m} = 3 dB for t1r2 for PC3, if the main branch power exceeds 20 dBm, the UE may not be able to maintain fixed power imbalance approach.
Observation 5: Even the power at antenna port to deliver the highest power is lower or equal to Power Class - max {∆TRxSRS,p | p=0, 1, …m}, the UE may not be able to maintain the same power across ports due to short GP. 
Observation 6: It would be expected that loss imbalance for Rx path is smaller than that for Tx path. If, however, there are large loss imbalance for Rx path as well, this would diminish effect of ∆TRxSRS report.
Observation 7: From Observation 1 – 5, TS38.213 seems expect no power imbalance across ports and that is not fit to a solution by indication of actual ∆TRxSRS, while not all the UE may not be able to achieve no power imbalance approach. With the current specification, applicability of indication of ∆TRxSRS is extremely limited.
Observation 8: Type 3 PHR approach cannot mitigate power imbalance due to ∆TRxSRS due to the restriction that power control is per SRS resource set. 
Observation 9: Report channel (gNB to UE) measurement by UE would work, but it requires a new measurement by UE and signalling scheme of it from UE to gNB. The gain may be affected by degree of quickness and accuracy including granularity of the signalled information.
Proposal: No introduction of indication of ∆TRxSRS unless followings are defined clearly and/or clarified.
· UE behaviour in terms of power per port within an SRS resource set
· Whether UE compensates losses to achieve the same power across ports (no power imbalance apparoch) or not (fixed power imbalance approach).
· Necessary requirements associated with corresponding approaches if any
· Loss imbalance for Rx path

	R4-2307305
	NTT DOCOMO, INC
	Observation 1: Further clarification on the method of ΔTRxSRS indication can be discussed unless the same issue is discussed in RAN1.
Proposal 2: UE behaviour in terms of power per port during SRS transmission should be clarified before the method of ΔTRxSRS indication is introduced.

	R4-2308225
	Ericsson
	Proposal 3: SRS reporting should also consider the configured maximum power per SRS resource and the PH for each SRS resource.  
Proposal 4: The reporting of ΔTRxSRS related information per Rx branch can be applied to 2Rx and 4Rx cases and such applicability should be the design criterion for the reporting mechanism.  

	R4-2308239
	vivo
	Proposal 1: No SRS IL reporting needed at least for 4Rx / 2Rx case. Further check this issue after receiving RAN1 reply.

	R4-2309010
	Xiaomi
	Observation 1: it is better adopting an unified approach for 8Rx, 4Rx and 2Rx because they are facing the same situation.

	R4-2309724
	Lenovo, Motorola Mobility
	Observation 1:	Even though PCMAX,f,c is defined in [2] to be a function of SRS port, the SRS power control equation 
[image: ]
does not allow PCMAX,f,c(i) to depend on the SRS port within the SRS resource set .
[bookmark: _Hlk135234881]Proposal 1:  Define PCMAX,f,c,p(i) as PCMAX for the p-th SRS port and, and furthermore, define
 .
Observation 2:	If the UE does not adjust the PA setting to compensate for the power relaxations , then a single power control setting  will yield a different output power at each of the antenna connectors.
Observation 3:	Since the power control setting for the p-th SRS port is limited to , the output power at the p-th SRS will not achieve  at the antenna connector unless the losses  are compensated.
[bookmark: _Hlk135234771]Proposal 2: 	The UE should indicate if the SRS relaxations  are compensated so that the power at the antenna connectors is equal for all power settings such that

Observation 4:	Unless the UE compensates the SRS relaxations as indicated in Figure 1, the SRS output power will lag the power control setting  by  .  Since the maximum value of the power control setting  is PCMAX,f,c,p(i), the maximum power at the antenna connector will be

Observation 5:	Unless the SRS implementation loss  is compensated by the UE, the total reduction in maximum configured power will be .
[bookmark: _Hlk135235095]Proposal 3:	The values of the relaxations  can be used to correct the downlink channel estimate at all power levels  if the UE transmitter does not compensate these relaxations.  If the UE does compensate the SRS relaxations, then the values  can be used to correct the downlink channel estimates when
 .
Observation 6:	If the SRS power relaxations are not compensated by the UE transmitter, the effective channel  between the gNB and the UE can be expressed as

Observation 7:	If the SRS power relaxations are compensated by the UE transmitter, the effective channel  between the gNB and the UE can be expressed as

 Proposal 4:	If the SRS power relaxations are compensated by the UE transmitter, the UE should report the receiver losses  in addition to the SRS power relaxations .  If the UE does not compensate the SRS power relaxations, the UE may report the set of differences  or .
Observation 8:	With consideration of both the SRS power relaxations and the associated receiver losses, the effective downlink channel can be determined from , the channel measured using the SRS, as     

	where the ratio the ratio  is known for the p-th antenna port.
Proposal 5:	If the UE does not report receiver its receiver losses  and its SRS power relaxations  or the difference between its receiver losses and its SRS power relaxations  to the gNB, then the UE should assist the gNB in determining the differences  by reporting the amplitudes of channel measurements taken at the UE antenna ports of reference symbols transmitted from a gNB antenna port. Additionally, the UE may report the ratio  or the difference  for at least one antenna port p, if known.



Open issues summary
Sub-topic 2-1 DL channel estimation at gNB depends whether or not actual ΔTRxSRS are compensated at UE.
Moderators’ note: Moderator’s understanding on this issue is that while the values of actual ΔTRxSRS are imbalanced between Rx antennas at UE, if the actual ΔTRxSRS are compensated at UE side, i.e., the transmitted power of SRS is balanced between Rx antennas by adjusting the UE PA output power considering the actual ΔTRxSRS, then in that case, gNB should not consider the actual ΔTRxSRS indicated by UE for DL channel estimation. To address this issue, it is proposed in this meeting that clarify the UE behaviour, or UE should indicate whether or not the actual ΔTRxSRS are compensated at UE, or dynamic reporting the actual ΔTRxSRS is needed, or define Pcmax per SRS antenna resource. 

Issue 2-1-1: Whether or not actual ΔTRxSRS are compensated at UE.
· Proposals 
· Proposal 1: No introduction of indication of ∆TRxSRS unless followings are defined clearly and/or clarified. (Nokia)
· UE behaviour in terms of power per port within an SRS resource set
· Whether UE compensates losses to achieve the same power across ports (no power imbalance apparoch) or not (fixed power imbalance approach).
· Necessary requirements associated with corresponding approaches if any
· Proposal 2: UE behaviour in terms of power per port during SRS transmission should be clarified before the method of ΔTRxSRS indication is introduced. (DOCOMO)
· Recommended WF
· Moderator’s note: Moderator thinks that firstly it would be better to clarify the UE behaviour whether or not UE compensates losses (actual ΔTRxSRS) to achieve the same power across ports. If it depends on UE implementation, solutions may be needed when ΔTRxSRS indication feature is introduced.
· Discuss the following options and check if RAN4 has a common understanding on the UE behaviour. If not, discuss possible solutions in issue 2-1-2.
· Option 1: UE compensates losses to achieve the same power across ports (no power imbalance approach)
· Though TS38.213 expects no power imbalance across ports within the same SRS resource set, at least it may not be practical to perform it when the output power at the antenna port to deliver the highest maximum output power exceeds power class - max {∆TRxSRS,p | p=0, 1, …m} . (Nokia)
· Option 2: UE does not compensate losses to achieve the same power across ports (fixed power imbalance approach).
· Option 3: Other

Issue 2-1-2: Solutions for the issue that DL channel estimation at gNB depends whether or not actual ΔTRxSRS are compensated at UE
· Proposals 
· Proposal 1: The UE should indicate if the SRS relaxations  are compensated (Lenovo)
· The values of the relaxations  can be used to correct the downlink channel estimate at all power levels  if the UE transmitter does not compensate these relaxations.  If the UE does compensate the SRS relaxations, then the values  can be used to correct the downlink channel estimates when
·  .
· Proposal 2: Defining Pcmax per SRS antenna resource (Ericsson, Lenovo,)
· SRS reporting should also consider the configured maximum power per SRS resource and the PH for each SRS resource.  (Ericsson)
· Define PCMAX,f,c,p(i) as PCMAX for the p-th SRS port and, and furthermore, define
·  .(Lenovo)
· Proposal 3: Static and dynamic reporting (Spreadtrum Communications)
· It is suggested that UE report the actual IL statically without calibration compensation and adjustment of PA and RFIC parameters between main branch and diversity branch, otherwise report the actual output power of SRS dynamically.
· Recommended WF
· TBA

Sub-topic 2-2 Applicability to 2Rx/4Rx
Issue 2-2-1: Applicability to 2Rx/4Rx
· Proposals
· Option 1: Apply to 2Rx/4Rx (Spreadtrum Communications, Ericsson, [Xiaomi])
· Option 2: Not apply to 2Rx/4Rx (vivo)
· Recommended WF
· TBA

Sub-topic 2-3 Effect of loss imbalance across Rx paths
Issue 2-3-1: Whether or not to consider effect of loss imbalance across Rx paths
· Proposals
· Option 1: Consider (Lenovo)
· If the SRS power relaxations are compensated by the UE transmitter, the UE should report the receiver losses  in addition to the SRS power relaxations .  If the UE does not compensate the SRS power relaxations, the UE may report the set of differences  or .
· If the UE does not report receiver its receiver losses  and its SRS power relaxations  or the difference between its receiver losses and its SRS power relaxations  to the gNB, then the UE should assist the gNB in determining the differences  by reporting the amplitudes of channel measurements taken at the UE antenna ports of reference symbols transmitted from a gNB antenna port. Additionally, the UE may report the ratio  or the difference  for at least one antenna port p, if known.
· Option 2: Further discussion is needed (Nokia)
· It would be expected that loss imbalance for Rx path is smaller than that for Tx path. If, however, there are large loss imbalance for Rx path as well, this would diminish effect of ∆TRxSRS report.
· No introduction of indication of ∆TRxSRS unless followings are defined clearly and/or clarified.
· Loss imbalance for Rx path
· Recommended WF
· TBA

Sub-topic 2-4 Optionality of reporting
Issue 2-4-1: optionality of reporting
· Proposals
· Option 1: Regardless of the reporting solutions, it is suggested that the reporting of this capability is optional. (Spreadtrum Communications)
· Option 2: Other
· Recommended WF
· TBA

Topic #3: Others
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307305
	NTT DOCOMO, INC
	Observation 2: pure 8Rx feature, i.e., UE implements 8Rx antennas and meet REFSENS requirements considering ΔRIB can be release independent from REl-15.
Observation 3: SRS-AS was firstly introduced in Rel-15 up to 4Rx (srs-TxSwitch), some new SRS-AS patterns up to 4Rx was introduced in Rel-16 (srs-TxSwitch-v1610), and SRS-AS patterns up to 8Rx was introduced in Rel-17 (srs-AntennaSwitchingBeyond4RX-r17).
Proposal 3: For release independent for 8Rx, 
· 8Rx without SRS-AS can be release independent from Rel-15.
· 8Rx with SRS-AS can be release independent from Rel-X.
· If UE supports srs-TxSwitch-v1610, X=16.
· If UE supports srs-AntennaSwitchingBeyond4RX-r17, X=17.
Proposal 4: Capture release independence for 8Rx in TS 38.307 as below:
· FFS the content of Table B.4-x.
Proposal 5: Take option 2 for the applicability of the number of Rx antenna port for REFSENS and other Rx requirements:
· Option 2: 
· “For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports, and additional requirements for eight Rx ports shall be verified in operating bands where the UE is equipped with eight Rx antenna ports
· For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”
Observation 4: UE demod session seems to wait for defining CA band combination(s) for 8Rx in RF session. However, there are no CA specific RF requirements are expected for 8Rx feature.
Observation 5: For clarification/revision on the objective in WID, it may be not necessary because the current objective does not mention anything about single carrier or CA. It just says that “specify the UE RF requirements to support 8Rx”.
Observation 6: Example band combination may be not needed because there are no band combination specific requirements. Information on applicable band configurations would be not included in the final CR.
Proposal 7: RAN4 discusses 8Rx CA requirements with the understanding that 8Rx CA requirements are included in a scope based on the current description of WID RP-230753. 
Proposal 8: Example band combinations are not needed at least for specification, i.e., TS 38.101 does not list or put notes describing which band combinations can support 8Rx.
Proposal 9: If example band combinations is needed for discussion, propose CA_n78(2A), CA_n78A-n79A.
Proposal 10: RAN4 starts the discussion of SRS antenna switching for t4r8 with the following scenario:
· Power class: PC1.5
· PA configuration: 4x 23dBm
· SRS antenna switching patterns:
· t4r8
· t4r8 and t2r8
· t4r8 and t1r8
· t4r8 and t2r8 and t1r8
Proposal 11: RAN4 discusses the 8Rx requirement with the form of CR based on R4-2307294 and R4-2307295.

	R4-2308124
	Samsung
	Proposal 2: 8Rx operation with SRS-AS XT8R (X=1, 2, 4) should be release independent no earlier than Rel-17.
Proposal 3: The UE RF Rx requirements in clause 7.2(Diversity characteristics) of 38.101-1 is supposed to be modified to:
· “For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four or eight Rx ports shall be verified in operating bands where the UE is equipped with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE)
· For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”
Proposal 4: The UE RF Rx requirements in clause 7.3.1(General of reference sensitivity) of 38.101-1 is supposed to be modified to:
In later clauses of Clause 7 where the value of REFSENS is used as a reference to set the corresponding requirement:
in all bands, the UE shall be verified against those requirements by applying the REFSENS value in Table 7.3.2-1a,  Table 7.3.2-1b and Table 7.3.2-1c or Table 7.3.2-1d with 2 Rx antenna ports tested;
for bands where the UE is required to be equipped with 4 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 or Table [7.3.2-x] with 4 or 8 Rx antenna ports tested (selected based on the maximum Rx antenna port supported by the UE).

Proposal 5: One band declaring the support of 8Rx operation for single band should not be mandated to support 8Rx operation for the relevant CA. 
Proposal 6: For NR-CA/EN-DC operation with 8Rx on the constituent band(s):
- 8Rx requirements should apply to the band implemented with 8Rx in all existing band combinations including intra/inter band CA and DC (including EN-DC).
- Clarify the relationship between MSD and ΔRIB, 8R by adding the following sentence.
· For 38.101-1: For operations with 8 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.2-x when MSD > 0.
-   For 38.101-3: For operations with 8 Rx antenna ports in an E-UTRA band or an NR band, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.1-1aa of TS 36.101[4] for the E-UTRA band or in Table 7.3.2-x of TS 38.101-1 for the NR band when MSD > 0.
Proposal 7: 6Rx for FWA type UE could be deemed as implementable feasible after 8Rx is finalised. 

	R4-2308225
	Ericsson
	Proposal 5: Do not remove ΔPPowerClass applied for PCMAX_H,f,c  for a PC2 capable UE with txDiversity-r16 and 1TxR capabilities. 
Proposal 6: Remove the requirement on the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. 
Proposal 7: We support the following:
· For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports, and additional requirements for eight Rx ports shall be verified in operating bands where the UE is equipped with eight Rx antenna ports. 
· For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports. 

	R4-2308239
	vivo
	Proposal 2: For UE equipped with 8Rx, UE should verify 8Rx REFSENS requirements. Other Rx requirements may be verified under either 8Rx or 4Rx condition. 
Proposal 3: Agree the following proposal in principle:
· Clarify the relationship between MSD and ΔRIB, 8R by adding the following sentence in section 7.3A.1.
· For operations with 8 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.2-x when MSD > 0.

	R4-2308951
	Huawei, HiSilicon
	Observation: Regardless of any PA configurations (transparent to the specification) for the PC2 UE capable of TxD and AS-SRS, no uncertainty but benefit will be introduced for both UE and gNB if the 3dB ΔPPowerClass in the upper limit of UE transmission power can be removed. 
Proposal 1: Draft CR in R4-2308952 for capturing the following enhancement:
· For a PC2 capable UE with the support of TxD or a PC1.5 capable UE, if it further indicates the support of 1T8R AS-SRS, the ΔPPowerClass=3dB applied for PCMAX_H,f,c should be removed regardless of PA configuration. 
Proposal 2: Do not remove the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. 
Proposal 3: For NR, 8Rx can be release independent from Rel-17. 


	R4-2308965
	OPPO
	Observation 2:   3dB power back off was defined in Rel-17 for the case that UE support TxD but only one PA transmit in t1r4 then the max power at main antenna will be reduced by 3dB. And this 3dB will be applied to both Pcmax,L and Pcmax,H. 
Observation 3:   If consider the case that UE supporting TxD but can transmit with 1Tx full power in SRS antenna switching, then probably new signaling is needed to indicate whether TxD UE can do that. 

Proposal 2:         Discuss whether RAN4 need to consider the case that UE supporting TxD but can transmit with 1Tx full power in SRS antenna switching, and the corresponding signaling to differentiate TxD UE capabilities if needed.

Proposal 3:         For 8Rx with SRS-AS it can be release independent from Rel-17, and for 8Rx without SRS-AS from release 17 is preferred and doesn’t impact the Rel-15/16.

Observation 4:   The only change to current spec for 8Rx is the REFSENS which means for other requirements the general single CC requirement will be applied.

Proposal 4:         For other RF Rx requirements, the 4Rx requirements are applied for 8Rx.
Proposal 5:         Stop discussion of CA 8Rx until the WID include it.

	R4-2309353
	Qualcomm Incorporated
	Proposal 2: Option 1/Do not remove the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage
Proposal 3: Specify 8RX release independent from Release 16. The SRS AS patterns are supported from the Release they were specified in
Proposal 4: Specify 8RX Single carrier requirements according to Option 2. To make it clear that this agreement, as written in WF is only for non-CA requirements the proposal 2 is modified for clarity (changes in red):
·  “For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports, and additional requirements for eight Rx ports shall be verified in operating bands where the UE is equipped with eight Rx antenna ports
· For single carrier Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”
NOTE: The intention is not to change 2RX/4RX UE requirements at all, the proposal about is only for 8RX and is subject to further modifications after 8RX CA is discussed
Proposal 5: Discuss if 8RX CA is in the scope of 8RX WI and revise the WI in RAN#100 if needed
Proposal 6: UE supporting 8RX in non-CA mode is not mandated to support the same band with 8RX in CA mode
Proposal 7: 8RX CA generic requirements should not be agreed until the scope of 8RX WI is discussed and possibly revised in RAN#100



Open issues summary
Sub-topic 3-1 Release independent
Issue 3-1-1: Which release 8Rx can be release independent from.
· Proposals for 8Rx without AS-SRS
· Option 1: Rel-15 (DOCOMO)
· Option 2: Rel-16 (Qualcomm)
· Option 3: Rel-17 (Huawei, OPPO)
· Proposals for 8Rx with AS-SRS
· Option 1: Depend on when the AS-SRS patterns are specified. (DOCOMO, Qualcomm))
· If UE supports srs-TxSwitch-v1610, X=16. (DOCOMO)
· If UE supports srs-AntennaSwitchingBeyond4RX-r17, X=17. (DOCOMO)
· Option 2: Rel-17 (Samsung, Huawei, OPPO)
· Recommended WF
· For 8Rx without AS-SRS, take option 2 (Rel-16)
· For 8Rx with AS-SRS take option 2 (Rel-17)

Issue 3-1-2: Changes on TS 38.307
· Proposals
· Option 1: Capture release independence for 8Rx in TS 38.307 as below: (DOCOMO)
· FFS the content of Table B.4-x.
· Table 5.4-1: Additional requirements of other release independent features
	Feature
	Release
independent from
	Requirements to be fulfilled
(see 38.307 of the REL when the feature was introduced)
	Further information

	RRM requirements for high speed train scenario
	Rel-15 (NOTE 1)
	Table C.1-1
	Rel-16 WI NR_HST introduced band independent RRM requirements: see Table C.1-1

	(Unchanged lines are omitted)

	8Rx requirements
	Rel-15 (NOTE 5)
	Table B.4-x
	Rel-18 WI NR_ENDC_ RF_FR1_enh2 introduced band independent UE RF requirements: see Table B.4-x

	NOTE 1:	Rel-15 UEs supporting the high speed train are assumed to read the Rel-16 high speed train scenario information, which is broadcast to all UEs.
(Unchanged notes are omitted)
NOTE 5: If UE supports srs-TxSwitch-v1610, it can be release independent form Rel-16. If UE supports srs-AntennaSwitchingBeyond4RX-r17, it can be release independent from Rel-17. 



· Option 2: Other
· Recommended WF
· TBA


Sub-topic 3-2 The number of Rx antenna ports for UE supporting 8Rx for single carrier REFSENS and other single carrier Rx requirements
Moderator’s note: To avoid any misunderstanding, moderator tries to clarify sub-topic 3-2 is for single carrier requirement and sub-topics 3-3 is for CA requirements. Consequently, the issue 3-3-5 is added in sub-topic 3-3 where the number of Rx antenna ports for UE supporting 8Rx for CA Rx requirements is discussed.
Issue 3-2-1: The number of Rx antenna ports for UE supporting 8Rx for single carrier REFSENS and other single carrier Rx requirements (Clause 7.2)
Moderator’s note: Options 1/2/3 are the same as captured in WF in last meeting.
· Proposals
· Option 1: Verified with 4Rx (vivo, OPPO)
· “For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports, and additional requirements for eight Rx ports shall be verified in operating bands where the UE is equipped with eight Rx antenna ports
· For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four Rx antenna ports and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”
· Option 2: Verified with 8Rx (DOCOMO, Ericsson, vivo, Qualcomm)
· “For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports, and additional requirements for eight Rx ports shall be verified in operating bands where the UE is equipped with eight Rx antenna ports
· For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”
· NOTE: Wording refinement is suggested by Qualcomm for 2nd bullet as red
· For single carrier Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.
· Option 3: (Samsung, vivo)
· “For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four or eight Rx ports shall be verified in operating bands where the UE is equipped with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE)
· For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four or eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”
· Recommended WF
· Moderator’s note: For better understanding, moderator’s understanding on each options are summarized in the table below:
· Further discuss based on the following table.
Table 3.2.2-1: The number of Rx used for conformance testing for single carrier Rx requirements
	
	REFSENS
	Other Rx requirements
	Supports

	Option 1
	2Rx, 4Rx, 8Rx
	4Rx
	vivo, OPPO

	Option 2
	2Rx, 4Rx, 8Rx
	8Rx
	DOCOMO, Ericsson, vivo, Qualcomm

	Option 3
	2Rx, 8Rx
	8Rx
	Samsung, vivo




Issue 3-2-2: The number of Rx antenna ports for UE supporting 8Rx for single carrier REFSENS (Clause 7.3.1)
· Proposals
· Option 1: The UE RF Rx requirements in clause 7.3.1(General of reference sensitivity) of 38.101-1 is supposed to be modified to (Samsung))
· In later clauses of Clause 7 where the value of REFSENS is used as a reference to set the corresponding requirement:
· in all bands, the UE shall be verified against those requirements by applying the REFSENS value in Table 7.3.2-1a,  Table 7.3.2-1b and Table 7.3.2-1c or Table 7.3.2-1d with 2 Rx antenna ports tested;
· for bands where the UE is required to be equipped with 4 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 or Table [7.3.2-x] with 4 or 8 Rx antenna ports tested (selected based on the maximum Rx antenna port supported by the UE).
· Option 2: Other
· Recommended WF
· TBA


Sub-topic 3-3 CA requirements
Issue 3-3-1: Whether or not revision/modification on WID is needed.
· Proposals
· Option 1: No need (DOCOMO)
· RAN4 discusses 8Rx CA requirements with the understanding that 8Rx CA requirements are included in a scope based on the current description of WID RP-230753. 
· Option 2: Need (OPPO)
· Stop discussion of CA 8Rx until the WID include it.
· Option 3: Discussion is needed (Qualcomm)
· Discuss if 8RX CA is in the scope of 8RX WI and revise the WI in RAN#100 if needed
· 8RX CA generic requirements should not be agreed until the scope of 8RX WI is discussed and possibly revised in RAN#100
· Recommended WF
· TBA

Issue 3-3-2: Example band combinations
· Proposals
· Option 1: No need (DOCOMO, Samsung)
· Example band combinations are not needed at least for specification, i.e., TS 38.101 does not list or put notes describing which band combinations can support 8Rx. (DOCOMO)
· 8Rx requirements should apply to the band implemented with 8Rx in all existing band combinations including intra/inter band CA and DC (including EN-DC). (Samsung)
· Option 2: Need 
· If example band combinations is needed for discussion, propose CA_n78(2A), CA_n78A-n79A. (DOCOMO)
· Recommended WF
· TBA

Issue 3-3-3: Optional or mandatory for UE supporting 8Rx in non-CA Optional or mandatory to support 8Rx in CA mode
· Proposals
· Option 1: Optional (Samsung, Qualcomm)
· Recommended WF
· TBA

Issue 3-3-4: Modification on MSD
· Proposals
· Option 1: Clarify the relationship between MSD and ΔRIB, 8R by adding the following sentence. (Samsung, vivo)
· For 38.101-1: For operations with 8 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.2-x when MSD > 0.
·  For 38.101-3: For operations with 8 Rx antenna ports in an E-UTRA band or an NR band, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.1-1aa of TS 36.101[4] for the E-UTRA band or in Table 7.3.2-x of TS 38.101-1 for the NR band when MSD > 0.
· Recommended WF
· TBA

Issue 3-3-5: The number of Rx antenna ports for UE supporting 8Rx for CA Rx requirements
Moderator’s note: To avoid any misunderstanding, moderator tries to clarify sub-topic 3-2 is for single carrier requirement and sub-topics 3-3 is for CA requirements. Consequently, the issue 3-3-5 is added in sub-topic 3-3 where the number of Rx antenna ports for UE supporting 8Rx for CA Rx requirements is discussed. Option 4 is added since companies may have different preference for CA case compared to single carrier case.
· Proposals
· Table 3.2.3-1: The number of Rx used for conformance testing for CA Rx requirements
	
	REFSENS
	Other Rx requirements

	Option 1
	2Rx, 4Rx, 8Rx
	4Rx

	Option 2
	2Rx, 4Rx, 8Rx
	8Rx

	Option 3
	2Rx, 8Rx
	8Rx

	Option 4
	8Rx
	8Rx

	Option 5
	Other 
	Other



· Recommended WF
· TBA


Sub-topic 3-4 AS-SRS for 4T8R
Issue 3-4-1: AS-SRS for 4T8R
· Proposals
· Option 1: RAN4 starts the discussion of SRS antenna switching for t4r8 with the following scenario: (DOCOMO)
· Power class: PC1.5
· PA configuration: 4x 23dBm
· SRS antenna switching patterns:
· t4r8
· t4r8 and t2r8
· t4r8 and t1r8
· t4r8 and t2r8 and t1r
· Option 2: Other
· Recommended WF
· TBA

Sub-topic 3-5 Feasibility of 6Rx
Issue 3-5-1: Feasibility of 6Rx
· Proposals
· Option 1: 6Rx for FWA type UE could be deemed as implementable feasible after 8Rx is finalised (Samsung)
· Option 2: TBA
· Recommended WF
· TBA

Sub-topic 3-6 Removing ΔPPowerClass applied for PCMAX_H,f,c  for a PC2 capable UE with txDiversity-r16 and 1TxR capabilities.
Issue 3-6-1: Weather or not to remove ΔPPowerClass applied for PCMAX_H,f,c  for a PC2 capable UE with txDiversity-r16 and 1TxR capabilities.
· Proposals
· Option 1: Do not remove (Ericsson)
· Option 2: Remove (Huawei)
· Option 3: Other
· Discuss whether RAN4 need to consider the case that UE supporting TxD but can transmit with 1Tx full power in SRS antenna switching, and the corresponding signaling to differentiate TxD UE capabilities if needed. (OPPO)
· Recommended WF
· TBA

Sub-topic 3-7 Removing the requirement on the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage.
Issue 3-7-1: Whether or not to remove the requirement on the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage.
· Proposals
· Option 1: Do not remove (Qualcomm, Huawei)
· Option 2: Remove (Ericsson)
· Recommended WF
· TBA


Topic #4: Draft CR
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307294
	NTT DOCOMO, INC.
	draft CR for introduction of 8Rx UE RF requirements for TS 38.101-1


	R4-2307295
	NTT DOCOMO, INC.
	draft CR for introduction of 8Rx UE RF requirements for TS 38.101-3

	R4-2308952
	Huawei, HiSilicon
	draft CR for 38.101-1 removal of 3dB relaxation to PCMAX_H,f,c for PC2 capable UE with TxD



Open issues summary
Moderator’s note: draft CR is treated if necessary to proceed with the discussion. Feedbacks to the proponents are encouraged toward the completion of this WI.
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