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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: ΔTRxSRS for 4Tx/8Rx 
· Topic #2: CA/DC requirements
· Topic #3: ΔTRxSRS indication from UE to NW
· Topic #4: Release independence and other
· Topic #5: draft CR for single carrier 8Rx

List of candidate target of discussions for this topic. 
· 1st round: 
· Topic #1: Try to agree the value of ΔTRxSRS for t4r8, and discuss other cases.
· Topic #2: Treat all issues, and hopefully, almost issues have consensus.
· Topic #3: Firstly discuss whether RAN#108 discuss Topic#3 without RAN1 reply. 
· Topic#4: Try to agree release independent issue.
· Note: draft CR is treated if necessary to proceed with the discussion. Feedbacks to the proponent are encouraged toward the completion of this WI.
· 2nd round: Try to agree the way forward and discussion points toward next meeting.

This e-mail thread treats the following contributions:
	TDoc
	Title
	Source

	R4-2311052
	Power imbalance for SRS antenna switching
	Nokia, Nokia Shanghai Bell

	R4-2311084
	Discussion on indication of delta TRXSRS
	Spreadtrum Communications

	R4-2311491
	draft CR for introduction of single carrier 8Rx UE RF requirements for TS 38.101-1
	NTT DOCOMO INC.

	R4-2311901
	Further view on 8Rx for Rel-18 RF FR1 enhancements
	NTT DOCOMO INC.

	R4-2311926
	Views on 8Rx for CPE FWA vehicle industrail devices
	Samsung

	R4-2312463
	Further discussion on 8Rx FWA
	ZTE Corporation

	R4-2312553
	Remaining issues of 8Rx UE RF requirements
	vivo

	R4-2312764
	R18 FR1 8Rx
	OPPO

	R4-2313094
	On FR1 8Rx UE RF requirements
	Huawei, HiSilicon

	R4-2313377
	8RX UE RF requirements
	Qualcomm France

	R4-2313577
	Correction of SRS-Based Downlink Channel Estimates
	Lenovo

	R4-2313682
	Discussion on the UE RF requirements to support 8Rx support for NR CA and EN-DC
	CHTTL

	R4-2313825
	On FR1 8Rx UE RF requirements
	Ericsson Limited




Topic #1: ΔTRxSRS for 4Tx/8Rx
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2312463
	ZTE
	[bookmark: OLE_LINK65]Observation: SRS IL requirements to be defined includes t4r8, t2r8-t4r8, t2r8-t4r8 and t1r8-t2r8-t4r8.
[bookmark: OLE_LINK68]Proposal 1. Apply 3dB for n41/n77/n78 and 4.5dB for n79 for t4r8 ∆TRxSRS requirements.
[bookmark: OLE_LINK48][bookmark: OLE_LINK47]Proposal 2. Apply 3dB for n41/n77/n78 and 4.5dB for n79 for t2r8-t4r8 ∆TRxSRS requirements.
[bookmark: OLE_LINK55]Proposal 3. Apply 4.5dB for n41/n77/n78 and 5.5dB for n79 for t1r8-t4r8 ∆TRxSRS requirements.
[bookmark: OLE_LINK69]Proposal 4. Apply 5dB for n41/n77/n78 and 6.5dB for n79 for t1r8-t2r8-t4r8 ∆TRxSRS requirements.

	R4-2312764
	OPPO
	Proposal 3:         The additional SRS IL for antenna switching capability of t4r8 can be defined as 2.5dB @<3.5GHz, and 3.5dB @4.9GHz.
Proposal 4:         The additional SRS IL for antenna switching capability of t4r8 + t2r8 is 4dB@<3.5GHz, and 5dB@4.9GHz.
Proposal 5:         The additional SRS IL for antenna switching capability of t4r8+t2r8+t1r8 and t4r8+t1r8 is 6.5dB@<3.5GHz, and 7.5dB@4.9GHz.

	R4-2313094
	Huawei, HiSilicon
	Proposal 6: For the UE that is only capable of ‘t4r8’ AS-SRS, reuse ΔTRxSRS defined for ‘t1r2’ AS-SRS:
· 3dB @ NR band n41/n77/n78
· 4.5dB @ NR band n79
Observation 2: It had been verified that larger IL should be considered when the RF design for AS-SRS aims at compatibility for the fall-back on Tx number.   
Proposal 7: For the UE that is capable of ‘t4r8-t2r8’ AS-SRS, reuse ΔTRxSRS defined for ‘t2r8-t1r8’ AS-SRS:
· 4.5dB @ NR band n41/n77/n78
· 6dB @ NR band n79
Proposal 8: For the UE that is capable of ‘t4r8-t2r8-t1r8’ or ‘t4r8-t1r8’ AS-SRS, specify new ΔTRxSRS requirement:
· 6.5dB @ NR band n41/n77/n78
· 8dB @ NR band n79


	R4-2313825
	Ericsson
	Proposal 9: As a starting point for ∆TRxSRS discussion for 4TXR SRS-AS capabilities for bands n41/n78/n79, define 3.0dB for t4r8, 3.5dB for t2r8-t4r8, 4.0dB for t1r8-t4r8 and 4.5dB for t1r8-t2r8-t4r8. The number of values could be narrowed down for the sake of specification simplicity.



Open issues summary
Sub-topic 1-1
ΔTRxSRS for 4Tx/8Rx where four types of t4r8, t4r8 + t2r8, t4r8 + t1r8, t4r8 + t2r8 +t1r8 are discussed.
Issue 1-1-1: ΔTRxSRS for 4Tx/8Rx for PC3
· Proposals
· Proposals from companies’ contributions are summarised in the below table:

For n41/n77/n78 (bands whose FUL_high is lower than the FUL_low of n79)
	
	ZTE
	OPPO
	Huawei
	Ericsson

	t4r8
	3.0
	2.5
	3.0
	3.0

	t4r8 + t2r8
	3.0
	4.0
	4.5
	3.5

	t4r8 + t1r8
	4.5
	6.5
	6.5
	4.0

	t4r8 + t2r8 +t1r8
	5.0
	6.5
	6.5
	4.5



For n79 (bands whose FUL_high is lower than the FUL_low of n79)
	
	ZTE
	OPPO
	Huawei
	Ericsson

	t4r8
	4.5
	3.5
	4.5
	3.0

	t4r8 + t2r8
	4.5
	5.0
	6.0
	3.5

	t4r8 + t1r8
	5.5
	7.5
	8.0
	4.0

	t4r8 + t2r8 +t1r8
	6.5
	7.5
	8.0
	4.5



· Recommended WF
· For t4r8, 3.0dB for n41/n77/n78 and 4.5dB for n79
· #Moderator’s note: It seems that 3 companies think the same value of existing cases can be reused such as t1r2 or t2r4. And this proposal can make specification simpler.
· For t4r8+t2r8, discuss whether the same value with t2r4+t1r4 can be taken (3.0dB for n41/n77/n78/n79 and 4.5dB for n79).
· #Moderator’s note: ZTE suggests no difference from t2r4+t1r4 in terms of RF architecture while different values from t2r4+t1r4 are proposed by other companies. Moderator thinks this discussion point may be helpful to make conclusion.
· FFS other cases.

Topic #2: CA/DC requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311901
	NTT DOCOMO INC.
	Proposal 3: Define the following example band combinations as a reference for discussion:
· CA_n78(2A) (8Rx + 8Rx)
· CA_n78A-n79A (8Rx + 8Rx)
· CA_n1-n78A (4Rx (n1) + 8Rx (n78))
· CA_n28-n78(2A) (4Rx (n28) + 8Rx (n78) + 8Rx (n78))
Proposal 4: From specification perspective, if 8Rx requirements for single carrier is specified for a band, the band can support 8Rx in all existing band combinations as an optional feature.

	R4-2311926
	Samsung
	Proposal 2: Example band combos are not needed for 8Rx CA/DC requirement specification.
Proposal 3: Verifying only 8Rx (for both CA/DC REFSENS and other CA/DC requirements) is enough if UE declares the support of 8Rx for the constituent band(s) with a CA/DC.
Observation 1: Combing the agreement made for single carrier 8Rx in last meeting and above proposal 3 for CA/DC, the description of clause 7.2 of 38.101-1 could 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 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.”
Proposal 4: One band declaring the support of 8Rx operation for single band should not be mandated to support 8Rx operation for the relevant CA/DC. 
Proposal 5: For CA/DC operation with 8Rx on the constituent band(s), 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.

	R4-2312463
	ZTE
	[bookmark: OLE_LINK71]Proposal 5. 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).
Proposal 6: UE supporting 8RX in single band mode is not mandated to support the same band with 8RX in band combination mode.
Proposal 7. Adding the following sentence in the spec to clarify the MSD requirements for band combination supporting 8Rx:
In section 7.3A.1 in TS38.101-1:
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.
In section 7.3B.1 in TS38.101-3:
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.


	R4-2312553
	vivo
	Proposal 2. For UE supporting 8Rx in non-CA mode, it is proposed to be optional to support 8Rx in CA mode.
Proposal 3: Agree the following proposal in principle:
· 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.
Proposal 4: Option 3 (2Rx and 8Rx for REFSENS, 8Rx for other Rx requirements) is preferred for CA Rx requirements.


	R4-2313094
	Huawei, HiSilicon
	[bookmark: OLE_LINK1]Proposal 1: It is optional to support 8Rx operation per band per band combination, when the UE (optionally) supports 8Rx single band operation for the corresponding band.
Proposal 2: Unless issues will be identified when specific general requirements are expected to be met for specific CA/DC band combination(s), the work on 8Rx CA/DC band combinations standardization should be covered by another basket WI.
Proposal 3: The intra-band contiguous and inter-band CA scenarios e.g., CA_n78C and CA_n41A-n78A can be considered respectively in case it is necessary to define 8Rx example band combinations. 
Proposal 4: Clarify the relationship between MSD and delta Rib for 8Rx:
· 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.


	R4-2313377
	Qualcomm France
	Proposal 6: Band which supports 8Rx in Non-CA mode is not required to support 8RX when in CA mode
Proposal 7: Apply Option 1 to clarify the relationship between MSD and ΔRIB,8R
Proposal 8: Consider using Option 4 for 8RX CA requirements 
Proposal 9: Introduce new UE capability allowing to indicate the number of RX paths different to indicated Max number of MIMO layers for UE’s supporting at least 4L. UE capability should be Per CC per band combination

	R4-2313682
	CHTTL
	Observation 1: Currently the 4Rx requirements for LTE CA, NR CA and EN-DC are already introduced by the general approach, without having any example combination when first introduced.
Proposal 1: RAN4 to discuss applying 8Rx requirements for NR CA and EN-DC with a general approach.
- If it is preferred to apply the same approach as 4Rx requirements for NR CA and EN-DC, then there is no need to discuss and define the example combinations or configurations for 8Rx.


	R4-2313825
	Ericsson
	Proposal 8: If the UE supports 8Rx in a CA configuration, then the same requirements as in single carrier case should be applied, meaning 2Rx, 4Rx and 8Rx for REFSENS, and 8Rx for other Rx requirements.




Open issues summary
Sub-topic 2-1
Optionality of 8Rx for CA/DC.
Issue 2-1-1: Optionality of 8Rx for CA/DC.
· Proposals
· Option 1: UE supporting 8RX in single band mode is not mandated to support the same band with 8RX in band combination mode (docomo, Samsung, ZTE, vivo, Huawei, Qualcomm)
· Option 2: Other
· Recommended WF
· Option 1

Sub-topic 2-2
Example band combinations for 8Rx CA/DC requirements.
· Whether example band combinations are needed.
· If needed, how to define example band combinations.

Issue 2-2-1: Whether example band combinations are needed.
· Proposals
· Option 1: Not needed (docomo, Samsung, ZTE, [Huawei])
· From specification perspective, if 8Rx requirements for single carrier is specified for a band, the band can support 8Rx in all existing band combinations as an optional feature (docomo)
· Example band combos are not needed for 8Rx CA/DC requirement specification (Samsung)
· 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) (ZTE)
· Unless issues will be identified when specific general requirements are expected to be met for specific CA/DC band combination(s), the work on 8Rx CA/DC band combinations standardization should be covered by another basket WI (Huawei).
· Option 2: Needed.
· Option 3: Other
· RAN4 to discuss applying 8Rx requirements for NR CA and EN-DC with a general approach (CHTTL)
· If it is preferred to apply the same approach as 4Rx requirements for NR CA and EN-DC, then there is no need to discuss and define the example combinations or configurations for 8Rx.
· Recommended WF
· Check if Option 1 is agreeable, meaning that
· RAN4 does not define example band combinations for 8Rx CA/DC
· 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)

Issue 2-2-2: If example band combinations are needed, how to define them.
· Proposals
· Option 1 (docomo)
· CA_n78(2A) (8Rx + 8Rx)
· CA_n78A-n79A (8Rx + 8Rx)
· CA_n1-n78A (4Rx (n1) + 8Rx (n78))
· CA_n28-n78(2A) (4Rx (n28) + 8Rx (n78) + 8Rx (n78))
· Option 2 (Huawei)
· CA_n78C 
· CA_n41A-n78A
· Recommended WF
· Discuss after issue 2-2-1 if needed.

Sub-topic 2-3
Rx requirements for 8Rx CA/DC.
· The number of Rx used for conformance testing for CA Rx requirements
· MSD requirements
Issue 2-3-1: The number of Rx used for conformance testing for CA Rx requirements
· Proposals
· Proposals from companies’ contributions are summarised in the below table:

Table 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
(Ericsson)
	2Rx, 4Rx, 8Rx
	8Rx

	Option 3
(vivo)
	2Rx, 8Rx
	8Rx

	Option 4
(Samsung, Qualcomm)
	8Rx
	8Rx



· Recommended WF
· Discussion is needed.


Issue 2-3-2: MSD requirements
· Proposals
· Option 1: For CA/DC operation with 8Rx on the constituent band(s), clarify the relationship between MSD and ΔRIB, 8R by adding the following sentence. (Samsung, ZTE, vivo, Huawei, Qualcomm)
· 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.
· 
· Option 2: Other
· Recommended WF
· Option 1.


Sub-topic 2-4
New UE capability allowing to indicate the number of RX paths.
Issue 2-4-1: New UE capability allowing to indicate the number of RX paths.
· Proposals
· Option 1: Introduce new UE capability allowing to indicate the number of RX paths different to indicated Max number of MIMO layers for UE’s supporting at least 4L. UE capability should be Per CC per band combination (Qualcomm).
· Option 2: Other
· Recommended WF
· Collect companies’ views on the new proposal.


Topic #3: ΔTRxSRS indication from UE to NW
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311052
	Nokia, Nokia Shanghai Bell
	Observation 1: The current specifications do not provide readers with an unified interpretation in terms of power control per port in the same SRS resource set. 
· It’s noted that at least our understanding is that UE must perform the same power control across ports in the same SRS resource set.
Observation 2: Just introducing allowance of reporting ∆TRxSRS,p (p=port numbering) not meaningful considering the Observation 1.
Proposal: Send an LS to inform RAN1 of at least following possible options in their future discussion.
Option 1: Supplement the lost power(s) across ports up to the advertised power class.
Option 2: Supplement the lost power(s) across ports up to “the advertised power class -  max(∆TRxSRS,p)”
Option 3: Not supplement the lost power(s) at all across port and maintain the power imbalances across ports according to ∆TRxSRS,p, i.e., P0, P1 - ∆TRxSRS,1, …., Pp - ∆TRxSRS,p.
For Power supplement accuracy
Observation 3: UE’s ability to accurately set powers across ports to the same should be studied, e.g., how much accuracy is achieved.
Observation 4: In case, high accuracy to make the report meaningful requires a special implementation, a specific requirement and UE capability is needed.
For Rx IL imbalance
Observation 5: Rx IL imbalance must impact on channel estimation as Tx IL imbalance does. The amount of impact can change depending on relation between Tx IL imbalance and Rx IL imbalance. In case, the resolution on Tx IL imbalance is addressed, Rx IL imbalance must be also considered unless the Rx imbalance is zero.

	R4-2311084
	Spreadtrum Communications
	Proposal1: UE needs to have approaches to solve this issue when UE power is limited which UE could not keep power balanced between main branch SRS antenna switch port and diversity branch by self-compensation. 
Proposal 2: Considering that UE reports on the actual IL imbalance for each diversity branch used for SRS per band.
Proposal 3: The reporting mechanism of 8RX is also applicable to 2RX/4RX.
Proposal4: We do not need to consider the effect of loss imbalance across RX paths.

	R4-2311901
	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 1: UE behaviour in terms of power per port during SRS transmission should be clarified before the method of ΔTRxSRS indication is introduced.

	R4-2312553
	vivo
	Proposal 1: No SRS IL reporting needed at least for 4Rx / 2Rx case. Further check this issue after receiving RAN1 reply.

	R4-2312764
	OPPO
	Observation 1:   UE can compensate the SRS IL among different antennas before PA max power is reached, however, it is UE implementation dependent.
Observation 2:   With RAN4 LS has sent to RAN1, the discussion in RAN1 is ongoing, and without questions from RAN1, the discussion in RAN4 should be closed.

Proposal 1:   	RAN4 should focus on ΔTRxSRS requirement definition, and not go deeply in how the different antenna losses will be compensated in gNB side which is RAN1 issue.
Observation 3:   Antenna IL differences for 2Rx and 4Rx are small which makes the gain of ΔTRxSRS compensation might be small.


	R4-2313094
	Huawei, HiSilicon
	Observation 3: UE may or may not have power imbalance compensation, which is up to UE implementation and no need to specify any requirements, tests or behaviour accordingly.   
Observation 4: When a UE indicates the support of reporting on actual ΔTRxSRS, the gNB side compensation based on the reporting would be expected. Otherwise the UE should not report at all. This is aligned with the logic behind UE support of any other optional features. 
Observation 5: Normally the Rx branch is isolated from Tx branch and they won’t share the same RF components or routing, so different Rx-Rx IL imbalance could be expected from Tx-Tx IL imbalance.
Observation 6: Unlike antenna switching SRS transmission, DL reception would not require Rx switching. Consequently, IL of each Rx path should be within the same level given that it can be realized by similar PCB trace pattern and RF component selection.
Observation 7: RAN4 has never discussed about per branch REFSENS since no exceptional but reasonable RF implementation can be provided to prove the necessity of it.
Observation 8: The channel reciprocity is a valid assumption under which the gNB would ideally derive precoder based on the free space channel alone. Therefore enabling UE report on the SRS IL imbalance would be beneficial to mitigate the channel estimation inaccuracy @ gNB side.

	R4-2313377
	Qualcomm France
	Proposal 1: Discuss issues 2-1-1 and 2-1-2 after receiving RAN1 reply
Proposal 2: If ΔTRxSTS indication from UE to NW is introduced for 8Rx, it can also apply to 2Rx/4Rx case
Proposal 3: Discuss issue 2-3-1 after RAN1 reply 
Proposal 4: Following typical approach, discuss optionality once the feature is completed

	R4-2313577
	Lenovo
	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 .
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.
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 .
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.

	R4-2313825
	Ericsson
	Proposal 1: Following the power control equations in TS38.213 specification, the UEs are supposed to compensate insertion losses for each SRS transmission below the maximum power.  
Proposal 2: IL imbalance reporting mechanism for SRS AS should include both the configured maximum output power per SRS resource and the power headroom per SRS resource.
Proposal 3: IL imbalance reporting mechanism for SRS AS should be dynamic.
Proposal 4: The IL imbalance reporting mechanism for SRS AS should be also specified for 2Rx and 4Rx cases and such applicability should be the design criterion for the reporting mechanism.  
[bookmark: _Hlk142602395]Proposal 5: By inspecting different SRS antenna switching architectures presented in previous meetings, we can conclude that the imbalance between different Rx paths is expected to be considerably smaller than in the case of SRS AS transmissions due to the absence of RF switches and smaller routing losses on the Rx paths. Thus, the effect of loss imbalance between Rx ports should not be considered.
Proposal 6: Capability of reporting mechanism of the IL imbalance for SRS AS should be optional.



Open issues summary
#Moderator’s note:
RAN4 sent an LS R4-2303519 to RAN1. RAN1 continues to discuss in RAN1#114 (August, 2023) according to FL summary R1-2306200.
Sub-topic 3-1
Whether RAN4#108 discuss this topic or wait for RAN1 reply.
Issue 3-1-1: Whether RAN4#108 discuss this topic or wait for RAN1 reply.
· Proposals
· Proposal: RAN4 discusses Topic#3 after RAN1 reply (OPPO, Qualcomm).
· RAN4 should focus on ΔTRxSRS requirement definition, and not go deeply in how the different antenna losses will be compensated in gNB side which is RAN1 issue (OPPO) 
· Discuss issues 2-1-1 and 2-1-2 after receiving RAN1 reply. Discuss issue 2-3-1 after RAN1 reply (Qualcomm)
· Recommended WF
· #Moderator’s note:
· RAN4 hasn’t yet received RAN1 reply. Moderator’s view is that, basically, it is better not to discuss the same issues in both RAN1 and RAN4 in parallel to avoid any conflict. And, according to FL summary R1-2306200, it describes FFS the following issues in RAN1:
· FFS: Static, semi-persistent or dynamic reporting
· FFS: Reporting method
· FFS: For 2Rx, 4Rx UE
· FFS: study necessity for clarifying gNB/UE related behavior.
· Meanwhile, several companies bring proposals in this RAN4 meeting. So, firstly, moderator would like to discuss the following options.
· Recommended WF
· Check if option 1 is agreeable. If not, which Subtopics should be discussed in RAN4#108 needs to be clarified.
· Option 1: RAN4#108 does not discuss any Sub-topics in Topic#3.
· Option 2: RAN4#108 discusses specific Sub-topics in Topic#3.
· Which subtopics should be discussed needs to be clarified.

Sub-topic 3-2
UE behavior whether UE has power imbalance compensation.
Issue 3-2-1: UE behavior whether UE has power imbalance compensation.
· Proposals
· Proposal 1: Send an LS to inform RAN1 of at least following possible options in their future discussion (Nokia).
· Option 1: Supplement the lost power(s) across ports up to the advertised power class.
· Option 2: Supplement the lost power(s) across ports up to “the advertised power class -  max(∆TRxSRS,p)”
· Option 3: Not supplement the lost power(s) at all across port and maintain the power imbalances across ports according to ∆TRxSRS,p, i.e., P0, P1 - ∆TRxSRS,1, …., Pp - ∆TRxSRS,p.
· Proposal 2: Following the power control equations in TS38.213 specification, the UEs are supposed to compensate insertion losses for each SRS transmission below the maximum power. (Ericsson)
· Proposal 3 (Not proposal, but observation)
· The current specifications do not provide readers with an unified interpretation in terms of power control per port in the same SRS resource set. It’s noted that at least our understanding is that UE must perform the same power control across ports in the same SRS resource set. (Nokia)
· UE can compensate the SRS IL among different antennas before PA max power is reached, however, it is UE implementation dependent. (OPPO)
· UE may or may not have power imbalance compensation, which is up to UE implementation and no need to specify any requirements, tests or behaviour accordingly. (Huawei) 
· Recommended WF
· TBA

Sub-topic 3-3
Reporting methods, Rx path imbalance, dynamic or static reporting.
Issue 3-3-1: Reporting methods:
· Proposals
· Proposal 1: UE needs to have approaches to solve this issue when UE power is limited which UE could not keep power balanced between main branch SRS antenna switch port and diversity branch by self-compensation. (Spreadtrum)
· Proposal 2: Considering that UE reports on the actual IL imbalance for each diversity branch used for SRS per band. (Spreadtrum)
· Proposal 3: Define PCMAX,f,c,p(i) as PCMAX for the p-th SRS port and, and furthermore, define (Lenovo)
·  .
· Proposal 4: 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  (Lenovo)
· 
· Proposal 5: 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 (Lenovo)
·  .
· Proposal 6: 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 . (Lenovo)
· Proposal 7: 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. (Lenovo)
· Proposal 8: IL imbalance reporting mechanism for SRS AS should include both the configured maximum output power per SRS resource and the power headroom per SRS resource. (Ericsson)
· Recommended WF
· TBA

Issue 3-3-2: Rx path imbalance
· Proposals
· Proposal 1: Do not need to consider the effect of loss imbalance across RX paths. (Spreadtrum, Ericsson)
· By inspecting different SRS antenna switching architectures presented in previous meetings, we can conclude that the imbalance between different Rx paths is expected to be considerably smaller than in the case of SRS AS transmissions due to the absence of RF switches and smaller routing losses on the Rx paths. Thus, the effect of loss imbalance between Rx ports should not be considered. (Ericsson)
· Recommended WF
· TBA

Issue 3-3-3: dynamic or static reporting
· Proposals
· Proposal 1: IL imbalance reporting mechanism for SRS AS should be dynamic. (Ericsson)
· Recommended WF
· TBA

Sub-topic 3-4
Applicability to 2Rx/4Rx, and optionality. 
Issue 3-4-1: Applicability to 2Rx/4Rx
· Proposals
· Proposal 1: If ΔTRxSTS indication from UE to NW is introduced for 8Rx, it can also apply to 2Rx/4Rx case (Spreadtrum, Qualcomm Ericsson)
· Proposal 2: Not applicable to 2Rx/4Rx (vivo)
· Recommended WF
· TBA

Issue 3-4-2: Optionality of reporting actual ΔTRxSRS
· Proposals
· Proposal 1: Optional if the feature is introduced (Qualcomm, Ericsson)
· Recommended WF
· TBA

Topic #4: Release independence and other
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311901
	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 2: 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.

	R4-2311926
	Samsung
	Proposal 1: It appears unnecessary to specifically distinguish 8Rx with different AS-SRS capabilities for different releases in TS 38.307, the applicable AS-SRS capability is associated with which release it was introduced in RAN1.

	R4-2312463
	ZTE
	[bookmark: OLE_LINK73]Proposal 8: 8Rx can be release independent from Rel-17. 


	R4-2312553
	vivo
	Proposal 5: No need to discuss the feasibility of 6Rx within current WI.

	R4-2312764
	OPPO
	Observation 4:   It is not necessary to combine 8Rx release independent issue together with the antenna switching IE, since 8Rx and SRS antenna switching are separate capabilities, and 8Rx UE can choose to support either Rel-15, Rel-16, or Rel-17 SRS antenna switching via corresponding capabilities.
Observation 5:   From signaling perspective, the 8Rx can be supported from Rel-15, however, UEs on the market now are mainly Rel-16.

Proposal 2:   	8Rx is supported from Rel-16 onwards.

	R4-2313094
	Huawei, HiSilicon
	Observation 1: It is unnecessary to consider two versions based on whether the UE can support xt8r AS-SRS for release independent, since xt8r AS-SRS is essential and indispensable to ensure overall performance for the 8Rx capable UE.
Proposal 5: For NR, 8Rx should be release independent from Rel-17. 

	R4-2313377
	Qualcomm France
	Proposal 5: 8RX is release independent from Rel-16 with SRS-AS pattern supported from the release they were specified in

	R4-2313825
	Ericsson
	Proposal 7: For 8Rx without AS-SRS, the feature could be release independent from Rel-15. For 8Rx with AS-SRS, the release independence should depend on the release where the corresponding SRS-AS capability was introduced, i.e. Rel-16 for srs-TxSwitch-v1610- and Rel-17 for srs-AntennaSwitchingBeyond4RX-r17.



Open issues summary
Sub-topic 4-1
Release independence
Issue 4-1-1: Which release 8Rx can be release independent from.
· Proposals
· Option 1: Rel-15 (docomo, Ericsson)
· Option 2: Rel-16 (OPPO, Qualcomm)
· Option 3: Rel-17 (ZTE, Huawei)
· Option 4: Other proposals and observations.
· For 8Rx with AS-SRS, the release independence should depend on the release where the corresponding SRS-AS capability was introduced (docomo, Qualcomm, Ericsson)
· It appears unnecessary to specifically distinguish 8Rx with different AS-SRS capabilities for different releases in TS 38.307, the applicable AS-SRS capability is associated with which release it was introduced in RAN1 (Samsung)
· It is not necessary to combine 8Rx release independent issue together with the antenna switching IE, since 8Rx and SRS antenna switching are separate capabilities, and 8Rx UE can choose to support either Rel-15, Rel-16, or Rel-17 SRS antenna switching via corresponding capabilities (OPPO)
· It is unnecessary to consider two versions based on whether the UE can support xt8r AS-SRS for release independent, since xt8r AS-SRS is essential and indispensable to ensure overall performance for the 8Rx capable UE (Huawei)
· Recommended WF
· #Moderator’s note: It seems that majority companies think it is not necessary to combine 8Rx release independent issue together with the antenna switching IE as 8Rx UE can choose to support either Rel-15, Rel-16, or Rel-17 SRS antenna switching via corresponding capabilities. To simplify the discussion, moderator suggests the following WF:
· It is not necessary to combine 8Rx release independent issue together with the antenna switching IE, since 8Rx and SRS antenna switching are separate capabilities, and 8Rx UE can choose to support either Rel-15, Rel-16, or Rel-17 SRS antenna switching via corresponding capabilities
· Check if option 2 is agreeable as middle ground

Sub-topic 4-2
6Rx feasibility
Issue 4-2-1: 6Rx feasibility
· Proposals
· Option 1: No need to discuss the feasibility of 6Rx within current WI (vivo)
· Option 2: Other
· Recommended WF
· No further discussion.
· #Moderator’s note: In moderator’s understanding, this issue was discussed in last meeting, and it is common understanding between companies including a proponent that no agreements and no further discussion is needed for this issue.

Topic #5: Draft CR for single carrier 8Rx
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311491
	NTT DOCOMO INC.
	draft CR for introduction of single carrier 8Rx UE RF requirements for TS 38.101-1

	R4-2311901
	NTT DOCOMO INC.
	Proposal 5: RAN4#108 discusses 8Rx requirement for single carrier with the form of CR based on R4-2311491.

	R4-2312463
	ZTE
	[bookmark: OLE_LINK75]Proposal 9. The highlighted texts are proposed in clause ‘7.2 Diversity characteristics’ and ‘7.3.1 General’ in TS38.101-1:
7.2 Diversity characteristics:
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 Rx antenna ports, or skip both two and four Rx antenna ports requirements in operating bands where the UE is equipped with eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”.

7.3.1 General
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 with 4 Rx antenna ports tested.
for bands where the UE is required to be equipped with 8 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table [7.3.2-2a] with 8 Rx antenna ports tested.



Open issues summary
Sub-topic 5-1
Wording refinement on section 7.2 and 7.3.1
Issue 5-1-1: 
· Proposals
· Option 1: The highlighted texts are proposed in clause ‘7.2 Diversity characteristics’ and ‘7.3.1 General’ in TS38.101-1 (ZTE)
· 7.2 Diversity characteristics:
· 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 Rx antenna ports, or skip both two and four Rx antenna ports requirements in operating bands where the UE is equipped with eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”.
· 7.3.1 General
· 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 with 4 Rx antenna ports tested.
· for bands where the UE is required to be equipped with 8 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table [7.3.2-2a] with 8 Rx antenna ports tested.
· Option 2: Other
· Recommended WF
· #Moderator note: If moderator understand correctly, this is wording refinement on agreed text in last meeting. Main difference is the second yellow part: or skip both two and four Rx antenna ports requirements in operating bands where the UE is equipped with eight Rx antenna ports
· Discuss with the draft CR.

Sub-topic 5-2
draft CR for 8Rx single carrier
Issue 5-2-1: draft CR for 8Rx single carrier
· Proposals
· Proposal 1: RAN4#108 discusses 8Rx requirement for single carrier with the form of CR based on R4-2311491.
· Recommended WF
· Collect companies’ view on the content of draft CR.
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