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1 Introduction
RAN4 has discussed the overall UE RF requirement impact of the simultaneous transmission with multi-panel (STxMP), which has been identified by companies as the only topic for Rel-18 MIMO WI. Additionally, in RAN4#107, it was agreed that RAN4 would try to define ‘per-panel’ configured transmitted power for WI completion. In other words, if new lower limit of the ‘per-panel’ PUMAX is defined, other ‘per-panel’ requirements in the inquation should also be reconsidered for STxMP power control in the future, e.g., ‘per-panel’ peak EIRP and ‘per-panel’ MPR/A-MPR/P-MPR. Moreover, in order to verify STxMP performance based on the ‘per-panel’ requirements, its testability or test method should precede specifying the requirements. 
In this regard, RAN4 has discussed the testability issue for STxMP with ‘per-panel’ UE RF requirements, which was raised in [1]. It was also captured in the latest WF as highlighted below [2]:
	<Agreement>: Other UE RF requirements
· For STxMP UE architecture, the ability to steer two UL beams independently is a minimum capability. Other than that, it should be left to UE implementation
· FFS whether/how to define ‘per-panel’ MPR/A-MPR
· FFS whether/how to handle the testability issue



As noted in the WF, RAN4 has not come up with a clear solution to resolve the unavoidable issue, i.e., overlapped beams, which makes difficult to evaluate the ‘per-panel’ performance. In this contribution, we would like to provide potential solutions to evaluate the ‘per-panel’ requirements, which can be specified in the future. 
2 Discussion
2.1	Test method for ’per-panel’ EIRP requirements
Before going into the STxMP test method discussion, it would be good to see which types of UE RF requirements are necessary, and check new potential terms for STxMP for a common understanding.
In RAN4#106-bis-e, an additional LS to reply some missed questions from RAN1 was sent which were about power limitation for both ‘per-panel’ and ‘per-UE’. However, since the power limitation requirements defined in RAN4 are framed with minimum peak EIRP, EIRP spherical coverage, max EIRP and max TRP, the relationship between power limitations related requirements were elaborated more as follows [3]:


	Some definitions for ‘conditions’ below:
1. The total EIRP in any one direction refers to the aggregated EIRP of all beams over all panels in that direction.
2. The existing EIRP limitation refers to the max. EIRP in the power class definition of the UE for single band operation.
3. The existing TRP limitation refers to the max. TRP in the power class definition of the UE for single band operation.
RAN4 would like to confirm to RAN1 the conditions to be simultaneously met by a UE for STxMP:
1. The total EIRP over all panels cannot exceed the existing EIRP limitation. 
2. The total TRP over all panels cannot exceed the existing TRP limitation.
3. The sum of per-panel EIRP power limitation for STxMP can be greater than the existing EIRP limitation. 
a. See condition #1, which must always be obeyed. 
b. In cases where the beams for each panel have low enough spatial overlap, this clause allows EIRP for each panel to individually approach the existing EIRP limitation.
c. RAN4 has not completed spec. definition work for ‘per panel EIRP power limitation’.
4. No explicit ‘per-panel’ TRP limit is deemed necessary.



As captured in the LS, following new EIRP definitions are added to explain the necessary power limitation for STxMP without having the requirements yet. Those definitions can also be described in Figure 1 for example.
· Total EIRP: Aggregated EIRP of all beams over all panels in any one direction
· ‘Per-UE’ EIRP: Aggregated EIRP of all beam over all panel
· ‘Per-panel’ EIRP: EIRP level of each panel for STxMP
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Figure 1: An example of new EIRP terminologies for STxMP
As mentioned above, new ‘per-panel’ EIRP requirements can be introduced if the ‘per-panel’ PUMAX is defined for STxMP power control, i.e., PPowerClass. However, even though ‘per-panel’ requirements will be introduced for STxMP, there is no way to evaluate the ‘per-panel’ requirements in RAN4 due to following issues as raised in [1].
Multiple beam-peaks issue
Currently, a UE has only one peak direction for UL transmission in FR2. The legacy testing procedure cannot find multiple beam peaks even though the STxMP has multiple beams simultaneously. So, new testing procedure for multi-beam peaks search should be discussed to evaluate STxMP performance.
Observation 1: New testing procedure for multi-beam peaks search should be discussed to evaluate STxMP performance.
Overlapping issue
Regarding testability issues of the ‘per-panel’ requirements, RAN4 has discussed the overlapping issue when two beams, i.e., panels, in a UE are transmitting simultaneously depending on the AoD. Since those beams would occupy the same frequency band and physical resources, there is no way to differentiate the two different power levels from two different panels at a certain direction. For example, the measured peak EIRP at the beam peak direction of Panel 1, i.e., total EIRP (θ1,φ1), may not represent the actual peak EIRP of Panel 1 as shown in Figure 1. Therefore, considering the overlapping issue, a new test method for STxMP is required when RAN4 strives for deriving the ‘per-panel’ UE RF requirements.
Observation 2: Given the overlapping issues, a new test method for STxMP is required to evaluate the ‘per-panel’ UE RF requirements performance for STxMP.
New test method for ‘per-panel’ requirements
One possible way for the ‘per-panel’ EIRP requirements testing under the overlapped scenario is to utilize the power imbalance between two beams. If the power of one untested beam can be set very low, the tested beam will be emerging out of the other in dB domain. Then, the beam for ‘per-panel’ EIRP evaluation can be measured correctly without the issue. For example, for testing Beam 1 (EIRP1), Beam 2 can be configured with the certain power offset, e.g., -20 dB. Similarly, when testing Beam 2 (EIRP2), Beam 1 needs to be set -20 dB with the same power offset which can be defined later. Figure 2 summarizes the testing method.
Observation 3: One possible way for the ‘per-panel’ EIRP requirements testing under the overlapped scenario is to utilize the power imbalance between two beams.
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Figure 2: An example of new test method for ‘per-panel’ EIRP requirements
2.2	Requirement for ’per-panel’ EIRP requirements
On the other hand, a new tolerance type of requirement can be introduced to consider the expected level (dB) of the overlap at a certain peak direction. For example, if a fixed EIRP level considering the overlapped beam can be defined as a new EIRP tolerance requirement, e.g., STxMP tolerance (ΔSTxMP), the ‘per-panel’ EIRP level can simply derived from the measured EIRP level without additional test method proposed above. However, ΔSTxMP should be different with the previous term as a placeholder used for ‘per-panel’ PCMAX discussion because this is not a relaxation term as what RAN4 discussed before. 
Observation 4: A new tolerance requirement can be introduced as a fixed EIRP level representing the expected overlapped beam, which can make the ‘per-panel’ EIRP level be derived simply from the measured EIRP level without additional test method by using ‘ΔSTxMP’. 
The ΔSTxMP can also be considered to guarantee the least overlapping occasion for better beam forming design depending on the requirement to be determined. In addition, both ‘total EIRP1(θ1, φ1)’ and ‘total EIRP2(θ2, φ2)’ can be measured at once if a new test procedure for the multiple beam-peak search can be introduced. Figure 3 describes an example to verify the ‘per-panel’ EIRP performance with ΔSTxMP.
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Figure 3: An example of method to verify the ‘per-panel’ EIRP performance with ΔSTxMP
However, given the limited time for the Rel-18 WI discussion, both new ‘per-panel’ EIRP requirements and their test method should be discussed and specified in future releases if those are identified necessary. In Rel-18, RAN4 should focus their efforts on defining the ‘per-panel’ configured power as agreed in [2].
Proposal: Both new ‘per-panel’ EIRP requirements and their test method should be discussed and specified in future releases if those are identified necessary so that RAN4 should focus their efforts on defining the ‘per-panel’ configured power in Rel-18.
3	Conclusion
This contribution provides potential solutions to evaluate the ‘per-panel’ requirements that can be specified in the future. 
Observation 1: New testing procedure for multi-beam peaks search should be discussed to evaluate STxMP performance.
Observation 2: Given the overlapping issues, a new test method for STxMP is required to evaluate the ‘per-panel’ UE RF requirements performance for STxMP.
Observation 3: One possible way for the ‘per-panel’ EIRP requirements testing under the overlapped scenario is to utilize the power imbalance between two beams.
Observation 4: A new tolerance requirement can be introduced as a fixed EIRP level representing the expected overlapped beam, which can make the ‘per-panel’ EIRP level be derived simply from the measured EIRP level without additional test method by using ‘ΔSTxMP’. 
Proposal: Both new ‘per-panel’ EIRP requirements and their test method should be discussed and specified in future releases if those are identified necessary so that RAN4 should focus their efforts on defining the ‘per-panel’ configured power in Rel-18.
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