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1	Background
In 3GPP RAN#100 meeting a revised WID for Rel-18 Work Item on “Further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1)” has been approved [1]. One of the working areas of the WI is to “Enable 8Rx for CPE/FWA/vehicle/industrial devices” where the updated objectives include CA/DC configurations in addition to single carrier case:
· Specify the UE RF requirements to support 8Rx for both single carrier and CA/DC. Example band combos and configurations need to be defined.
· Study and specify the requirements to support SRS antenna switching for t1r8, t2r8, t4r8
· Discussion on t4r8 starts from RAN4#108
For single carrier, the example bands are n41, n77/78, n79 (TDD) and n7 (FDD).
In 3GPP RAN4#108 meeting, a Way Forward [2] has been approved where the remaining open issues are grouped into topics “ΔTRxSRS for 4Tx/8Rx”, “CA/DC requirements”, “ΔTRxSRS indication from UE to NW” and “Release independence and other”.
In the following, we will provide our view and proposals on the majority of open issues from the Way Forward.
2	Discussion
2.1	ΔTRxSRS for 4Tx/8Rx
[bookmark: _Hlk131860441]The discussion on this topic is covered by the single issue in the WF [2]:
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
	4.5

	[bookmark: _Hlk143695835]t4r8-t2r8
	4.5
	5.0
	6.0
	5.0 

	[bookmark: _Hlk143695847]t4r8-t1r8
	5.5
	7.5
	8.0
	5.5

	[bookmark: _Hlk143695857]t4r8-t2r8-t1r8
	6.5
	7.5
	8.0
	6.0



<Way forward/Agreement> 
Further discuss ΔTRxSRS for 4Tx/8Rx in next meeting
· For t4r8, check if 3.0dB for n41/n77/n78 and 4.5dB for n79 is agreeable in next meeting.
· FFS for t4r8-t2r8, t4r8-t1r8, t4r8-t2r8-t1r8
· 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).
For 4T8R SRS antenna switching one of the main tasks is to specify ∆TRxSRS for different capabilities t4r8, t4r8-t2r8, t4r8-t1r8 and t4r8-t2r8-t1r8.
Using the similar reasoning as in e.g. [3], [4] we could expect that for t4r8 capability the similar insertion losses due to RF switches, filters, PCB trace/routing etc. could be expected as in t1r2 case. Thus, we propose to specify 3.0dB for ∆TRxSRS requirement for bands n41/n77/n78. For band n79, the same practice as for all txry capabilities specified so far can be applied, i.e. to adopt 4.5dB for t4r8.
Proposal 1: For t4r8 SRS-AS capability, specify ∆TRxSRS equal to 3.0dB for bands n41/n77/n78 and 4.5dB for band n79.
Looking at the typical architecture for t4r8-t2r8 SRS-AS capability, we can observe that similar insertion losses could be expected as in t2r4-t1r4 case. Even though the insertion loss in t4r8-t2r8 case is slightly higher in reality than in t4r8 case, we could follow the same approach as for txr4 capabilities and adopt 3.0dB for bands n41/n77/n78 and 4.5dB for band n79.
Proposal 2: For t4r8-t2r8 SRS-AS capability, specify ∆TRxSRS equal to 3.0dB for bands n41/n77/n78 and 4.5dB for band n79.
[bookmark: _Hlk146738056]Analyzing the different possible architectures for t4r8-t1r8 and t4r8-t2r8-t1r8 cases respectively, we could observe that the worst-case insertion loss can be either the same between the two or slightly higher in t4r8-t2r8-t1r8 case. For the sake of specification simplicity, we propose to specify the same value for both t4r8-t1r8 and t4r8-t2r8-t1r8 SRS-AS capabilities. We also remind the importance of not having too large allowed ΔTRxSRS to allow the smallest possible difference between T and R antenna strength (having in mind the different antenna gains between the antenna elements) as measured by the gNB for adequate reciprocal CSI-RS estimation performance. Hence, for both t4r8-t1r8 and t4r8-t2r8-t1r8 SRS-AS capabilities we propose to adopt 5.0dB for bands n41/n77/n78 and 6.5dB for band n79.
Proposal 3: For both t4r8-t1r8 and t4r8-t2r8-t1r8 SRS-AS capabilities, specify ∆TRxSRS equal to 5.0dB for bands n41/n77/n78 and 6.5dB for band n79.
2.2	CA/DC requirements
The only issue left in this topic is related to the discussion on the need on UE capability allowing to indicate the number of RX paths [2]:
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

< Agreement in Adhoc>
FFS in next meeting further considering at least the following points:
· the benefit of number of Rx paths indication and how to use this information by NW.
We recognize the benefit of NW knowing the supported number of Rx paths per carrier, for example the improvement of receiver sensitivity as the number of Rx paths increases. However, in our view the NW can already be aware of the number of Rx paths supported by the UE by inspecting the srs-TxSwitch/srs-TxSwitch-v1610/srs-AntennaSwitchingBeyond4RX-r17 capability. Since the UE capability signaling should always be kept to a minimum as possible, unless it is well justified, we propose not to introduce the capability on the number of Rx paths supported by the UE.
Proposal 4: Do not introduce a 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.
2.3	ΔTRxSRS indication from UE to NW
2.3.1 UE behavior whether UE has power imbalance compensation
[bookmark: _Hlk146744908]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) 


<Way forward/Agreement>
FFS in next meeting.
In RAN4#106 meeting an LS was sent to RAN1 (cc RAN2) on the Insertion Loss (IL) imbalance reporting for SRS AS, where three different solutions have been proposed, not precluding other options [5]. RAN4 still hasn’t received a reply. In the meanwhile, it was agreed in RAN4 [2] to clarify the UE behaviour regarding the compensation of IL per port before introducing such reporting.
Clarification of such behavior could ideally be provided by UE vendors. On the other hand, the expected behavior could be analyzed based on current specification of the power control mechanism in TS38.213. The power control equations for SRS transmission occasions are defined at the antenna connector (all transmission requirements in FR1 are defined at the antenna connector, as stated in TS38.101-1) with the parameters set per SRS resource set (same for all SRS resources). According to TS38.215 the path loss (PL) measurements, both CSI-RSRP and SSB-RSRP, are also defined at the antenna connector in the same plane of reference.
[image: ] [dBm]
[bookmark: _Hlk142497834]As it can be seen from the above equation and looking at the definition of each parameter, when SRS transmission power is below the maximum one , the insertion loss is not accounted for and thus it can be understood that the UE compensates for such losses by setting the appropriate power of PA supplying  at the antenna connector(s) for the transmitted resource. For , ΔTRxSRS (the minimum requirement, not the actual value) figures in its lower bound, so we could assume that the actual insertion loss is captured by  and that the difference between actual insertion losses of different branches could be derived from different  per SRS resource. Obviously, “no power imbalance approach” can only be achieved if each  per branch is in range below maximum PA setting subtracted by the actual insertion loss of that branch. Note that according to TS38.213, clause 7.3, if the SRS resource consists of multiple ports then its transmission power is equally divided across all ports: “For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS.”
Even though it is expected (following the specifications) that the insertion losses are compensated, it is recognized that in practice the insertion loss may not be fully accounted for in implementations (and thus compensated) since the allowed tolerance of the absolute power level in device testing can be of order of 10dB when the setting is below the maximum power, i.e. the insertion loss may be absorbed by the large absolute tolerance. 
Proposal 5: 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. 
2.3.2 Reporting methods 
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)

<Way forward/Agreement>
FFS in next meeting.
As discussed above in clause 2.2, reporting of the actual insertion loss (or IL imbalance) per branch may not be sufficient for the accurate DL CSI acquisition in all scenarios since when SRS is operating sufficiently below the maximum configured transmission power the additional IL of a given Rx branch may be compensated by the appropriate setting of PA (which is expected according to the specifications). Nevertheless, given how large ΔTRxSRS values are, possibly going over 10dB for t4r8-t2r8-t1r8 SRS-AS capabilities for higher power classes and the bands for which FUL_high is lower than the FUL_low of n79, the introduction of some kind of IL reporting mechanism for SRS Antenna Switching is necessary in our view.
By reporting the configured maximum output power per SRS resource together with the power headroom (PH) for each SRS resource the gNB can have relatively precise information on each SRS output power at the connector. By inspecting the differences between the configured maximum output power per SRS resource the information on IL imbalance can be obtained, while by transmitting PH report per SRS resource the gNB can be made aware whether the IL compensation was performed and how far are SRS transmit powers from their respective maximums. So, both cases when UEs do perform or do not perform compensation for insertion losses are covered. 
Note that the proposed reporting mechanism does not preclude changes in RAN1 power control equations.
In one of the proposals from the WF [2] it was proposed to define PCMAX per port p. Such definition would introduce unnecessary complexity into the specifications since for multi-port SRS transmission  is equally split between the ports (defined at the connector), and the SRS transmission power for each port is limited by PCMAX divided by the number of SRS ports.
Proposal 6: 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.
2.3.3 Rx path imbalance
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)

<Way forward/Agreement>
FFS in next meeting.
By inspecting different SRS antenna switching architectures presented in previous meetings, e.g. [3] and [4], 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, we expect that reporting of IL imbalance between Rx paths would not bring considerable benefit to the performance of CSI estimation and is not worth introducing of an additional overhead.
Proposal 7: 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.
2.3.4 Dynamic or static reporting
Issue 3-3-3: dynamic or static reporting
· Proposals
· Proposal 1: IL imbalance reporting mechanism for SRS AS should be dynamic. (Ericsson)

<Way forward/Agreement>
FFS in next meeting.
When it comes to the question whether static or dynamic reporting is preferred, the static reporting would require maintaining the same power offset between SRS transmissions no matter whether the UE is operating at (or close to) the maximum power or not. Also, static reporting would limit how the UE maps SRS ports to antenna elements, since the IL imbalance would have to be maintained for the given mapping (for CSI acquisition to be accurate). On the other hand, dynamic reporting would allow more freedom for SRS ports to antenna elements mapping, and it would allow the UE to indicate whether the IL imbalance is compensated or not (directly or indirectly).
Proposal 8: IL imbalance reporting mechanism for SRS AS should be dynamic.
2.3.5 Applicability to 2Rx/4Rx
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)

<Way forward/Agreement>
FFS in next meeting.
The mechanism of reporting the insertion loss imbalance between receiving branches can also be beneficial for 2Rx and 4Rx cases. In our view that should be even the design criterion for the reporting mechanism. Our simulation results presented in [6] demonstrate the benefit of using an IL imbalance reporting mechanism for 4Rx case.  
Proposal 9: 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.  
2.3.6 Optionality of reporting actual ΔTRxSRS
Issue 3-4-2: Optionality of reporting actual ΔTRxSRS
· Proposals
· Proposal 1: Optional if the feature is introduced (Qualcomm, Ericsson)

<Way forward/Agreement>
FFS in next meeting.
Proposal 10: If the feature on the IL reporting mechanism for SRS AS is introduced, the reporting should be optional.
2.4	Release independence and other
In this topic only the issue on release independence is left [2]:
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)

<Way forward/Agreement>
FFS whether 8Rx can be release independent from Rel-15 or Rel-16 or Rel-17.
[bookmark: _Hlk142603487]For the support of 8Rx without AS-SRS, in our view the feature could be release independent from Rel-15. For the support of 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. 
If the preference is to adopt a single Release from which the 8Rx feature is independent, Rel-16 could be an acceptable compromise for us.
Proposal 11: If the preference is to adopt a single Release from which the 8Rx feature is independent, Rel-16 could be an acceptable compromise for us.
3	Conclusion
In this contribution, we have shared our view on the majority of open issues from the Way Forward from the previous meeting and we have made the following proposals:
Proposal 1: For t4r8 SRS-AS capability, specify ∆TRxSRS equal to 3.0dB for bands n41/n77/n78 and 4.5dB for band n79.
Proposal 2: For t4r8-t2r8 SRS-AS capability, specify ∆TRxSRS equal to 3.0dB for bands n41/n77/n78 and 4.5dB for band n79.
Proposal 3: For both t4r8-t1r8 and t4r8-t2r8-t1r8 SRS-AS capabilities, specify ∆TRxSRS equal to 5.0dB for bands n41/n77/n78 and 6.5dB for band n79.
Proposal 4: Do not introduce a 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.
Proposal 5: 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 6: 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 7: 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 8: IL imbalance reporting mechanism for SRS AS should be dynamic.
Proposal 9: 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.
Proposal 10: If the feature on the IL reporting mechanism for SRS AS is introduced, the reporting should be optional.
Proposal 11: If the preference is to adopt a single Release from which the 8Rx feature is independent, Rel-16 could be an acceptable compromise for us.
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