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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-bis meeting, a Way Forward [2] has been approved where the only topic with the remaining open issues is “ΔTRxSRS indication from UE to NW”.
In the following, we propose a solution for the indication of the SRS Insertion Loss (IL) imbalance.
2	Discussion
[bookmark: _Hlk131860441]In the previous meeting it was agreed that RAN4 will further discuss the solution to mitigate the impact of the SRS IL imbalance under “ΔTRxSRS indication from UE to NW” topic [2].
2.1 Power control and reporting
Before discussing an optimal solution, first it is important to clarify the UE behavior regarding the power imbalance compensation (due to the insertion loss), which is one of the open issues from the previous meeting [2]. 
We can derive the conclusion on the expected behavior based on current specification of the power control mechanism in TS38.213 [3]. 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 most of the parameters set per SRS resource set (same for all SRS resources), and some parameters set per SRS transmission occasion, i.e. SRS resource:
[image: ] [dBm]
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 (RSRP reported can include more than one connector, but the use of diversity is not mandated). In the above equation, the PL is a function of RS resource index  (e.g. SSB resource) which is the same for all SRS resources in the set, which makes sense assuming that the plane of reference is the same for all RX antenna ports (antenna connectors). This is also consistent with the above observation that the plane of reference for the SRS output power is the antenna connector. Therefore, according to the standard, the UE shall compensate for the IL below the maximum configured output power for a resource, as the insertion loss is not accounted for in the above equation. It can be understood that the UE can compensate for such losses by setting the appropriate power of PA supplying  at the antenna connector(s) for the transmitted resource, at least below the maximum output power for the SRS transmission. 
The  must be defined in the same plane of reference as the PL measurements, that is, in the plane of reference of the RSRP (for both FR1 and FR2). For FR1, this plane is also consistent with the measurement of the output power for FR1 at the antenna connectors. The NW can therefore only assume that the   reported in the PHR is referred to the antenna connectors for FR1. 
The  is set per transmission occasion , i.e. per SRS resource and can include the IL on top of the MPR applied for the SRS (likely the same MPR for all AS resources). Any reported  for SRS transmissions should therefore include the actual IL TX/RX imbalance on top of the MPR applied for the transmitted resource (the internal power setting is of course up to UE implementation).
Note that according to TS38.213 [3], clause 7.3, if the SRS resource consists of multiple ports then its transmission power is equally divided across all ports (at all power levels): “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.” In that case, the mapping between the different SRS ports and the actual connector in the UE is up to UE implementation (but different pairs should be used for each resource).
Even though it is expected (following the specifications) that the insertion losses are compensated, it is recognized that in practice for SRS resources for which the allowed DTRxSRS > 0dB the insertion loss may not be fully accounted for (and thus compensated) in implementations 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. Hence, for such implementations the UL power as set by the power-control equations in 38.213 below the maximum would be reduced by the IL imbalance at the connector (notwithstanding other power-setting inaccuracy), and this would not be captured by any RAN4 requirements since power tolerances are large. Moreover, conformance testing of SRS is limited.
Proposal 1: Following the power control equations in TS38.213 specification and the TS38.215, the UEs are supposed to compensate insertion losses for each SRS transmission below the maximum power. 
Regarding the Rx path imbalance, by inspecting different SRS antenna switching architectures presented in previous meetings, e.g. [4] and [5], 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 should not be considered.
Proposal 2: 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.
2.2 What to report
The introduction of some kind of IL reporting mechanism for SRS Antenna Switching is necessary in our view given how large the specified ΔTRxSRS values are, going up to 10.3dB for t4r8-t1r8 and t4r8-t2r8-t1r8 SRS-AS capabilities for bands whose FUL_high is higher than the FUL_low of n79 when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
One of the proposals is to report the actual insertion loss (or IL imbalance) per branch, which is generally insufficient for the accurate DL CSI acquisition in most scenarios since the UE Tx power is typically below the maximum configured transmission power, and so the additional IL of a given Rx branch tends to be compensated by the appropriate setting of PA according to the specifications. 
Furthermore, if the IL is reported dynamically, e.g. as part of a power headroom report, it is unclear how the network would use this information.  If the UE compensates for the insertion loss, it should reflect that in output power of the actual SRS transmission it makes, rather than having the network adjust the output power using the reported insertion loss. In other words, reporting the actual insertion loss seems redundant, since it should be directly included in the SRS output power.
By contrast, 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. The information on the configured maximum output power per SRS resource allows the NW to be aware whether a UE operates at its maximum power. The configured maximum output power includes the actual insertion loss (TX/RX) imbalance (for resources for which this is allowed) on top of the MPR used for the SRS resource. If the MPR is the same between the different ports (which is expected), by inspecting the differences between the configured maximum output power per SRS resource the information on IL imbalance can be obtained. On the other hand, by transmitting in addition the power headroom (PH) report per SRS resource, the NW can obtain the information on the exact output power per SRS resource and observe whether the IL compensation has been performed. So, both cases when UEs do perform or do not perform compensation for insertion losses are covered by the proposed solution.
Proposal 3: 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.
Note that in one of the proposed solutions from the WF [2] it is proposed to report only the output power for each SRS port. The drawback of such solution is that the NW is not aware whether the UE operates at its maximum configured output power for the given SRS transmission. 
In another proposed solution 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 as explained in section 2.1 (defined at the connector), and the SRS transmission power for each port is limited by PCMAX divided by the number of SRS ports.
2.3 Required RAN1 change
The Type 3 power headroom report (based on an actual SRS transmission) is defined in clause 7.7.3 of TS38.213 [3], from which we copy an excerpt in the following:
	If a UE determines that a Type 3 power headroom report for an activated serving cell is based on an actual SRS transmission then, for SRS transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell  and if the UE is not configured for PUSCH transmissions on carrier [image: ] of serving cell  and the resource for the SRS transmission is provided by SRS-Resource, the UE computes a Type 3 power headroom report as 
[image: ] [dB]
where [image: ], [image: ], [image: ], [image: ], [image: ] and [image: ] are defined in clause 7.3.1 with corresponding values provided by SRS-ResourceSet.



The power headroom report per resource can therefore be a standard Type 3 but not used with the PHR MAC-CE. The PH used for the SRS resource can be a Type 3 but used for a new MAC-CE “SRS resource power report” and can be used also for a carrier configured for PUSCH transmission. 
This would be a RAN1 change but very limited (i.e. apply the Type 3 for the new MAC-CE and also on a PUSCH carrier). A new MAC-CE specified for SRS power reporting should also be dynamic since SRS AS power levels can change.
Proposal 4: The PH used for the SRS resource can be a Type 3 but used for a new MAC-CE “SRS resource power report” and can be used also for a carrier configured for PUSCH transmission.
2.4 Dynamic or static reporting
Regarding 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 5: IL imbalance reporting mechanism for SRS AS should be dynamic.
2.5 Applicability to 2Rx/4Rx
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 6: 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.  
3	Conclusion
In this contribution, we have shared our view on the open issues from “ΔTRxSRS indication from UE to NW” topic from the Way Forward from the previous meeting and we have made the following proposals:
Proposal 1: Following the power control equations in TS38.213 specification and the TS38.215, the UEs are supposed to compensate insertion losses for each SRS transmission below the maximum power. 
Proposal 2: 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 3: 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 4: The PH used for the SRS resource can be a Type 3 but used for a new MAC-CE “SRS resource power report” and can be used also for a carrier configured for PUSCH transmission.
Proposal 5: IL imbalance reporting mechanism for SRS AS should be dynamic.
Proposal 6: 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.  
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