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Introduction
Based on the WID for MIMO evolution for downlink and uplink [1], RAN1 will further enhance multi-TRP operation in Rel-18 and RAN4 is tasked to specify core requirements for this feature if necessary.
	RAN1:
…… 
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.
……
RAN4:
Specify necessary core requirements for the enhancements listed above.


In this contribution, we would like to share our views on this topic. 
Discussion
Whether to specify RF requirements for STxMP operation
On one side, till now RAN1 has not introduced any concept like “Panel ID”, on the other side, it is RAN4 common understanding that RF requirements have been established following panel agnostic principle. 
Observation 1: RAN1 has not introduced any concept like “Panel ID” till now and it is RAN4 common understanding that RF requirements have been established following panel agnostic principle. 
Thus from our understanding, not introduce new RF requirements for STxMP operation in Rel-18 is more appropriate because the full picture of RAN1 design is not so clear. Instead, RAN4 can consider demod requirements here in order to test the performance of this feature.
Proposal 1: RAN4 can consider to only specify demod requirements instead of RF core requirements for FR2 STxMP operation in Rel-18.
On the possible UE architectures to support STxMP operation
Normally UE vendors could have diverse implementation choices, which are inevitably based on compromise between performance and complexity/cost. Though we propose that no new RF requirements are needed now for STxMP operation, we think it is beneficial for RAN4 discussion if a view about possible hardware architectures can be established.
Proposal 2: RAN4 should establish a view about possible UE hardware architecture implementations for realizing STxMP operation.
Architecture #1 – Independent AIP, FE and IF
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Figure 1-1. Architecture #1 for STxMP
For architecture #1, independent AIP, FE (front-end) and IF (intermediate frequency) module are added to support STxMP. Besides, the baseband capability may need to be enhanced to support 4 layers transmission. This kind of architecture could have a chance to fulfil spatial diversity gain due to the fact that independent power control for each UL transmission link can be supported. But there could be additional relaxation for the actual transmission power of each link for accommodating realistic implementation issue like heat dissipation. However, the overall gain for this most expensive choice should be further clarified considering all those foreseeable implementation difficulties.    
Observation 2: (Architecture #1) For the UE RF architecture that using independent AIP, RF front end and IF module to realize STxMP operation:
· Independent power control for each UL transmission link can be supported.
· Over two panels, up to 4 layers and up to 2 TBs with independent UL precoder selection can be supported if baseband capability could be further enhanced.
· The overall gain for this most expensive choice should be further clarified considering all foreseeable implementation difficulties, e.g., additional relaxation for the actual transmission power of each link to overcome heat dissipation.
Architecture #2 – Independent AIP and FE
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Figure 1-2. Architecture #2 for STxMP  
In Figure 1-2, another solution that using independent AIP and FE to support STxMP operation is provided. For this architecture the following drawbacks can be identified comparing to architecture #1:
a. Only 2 layers and single TB for UL transmission can be supported. 
b. The flexibility of independent power control might be reduced. For architecture #1, ideally there could be no limitation for the power imbalance between two RF chains. While for architecture #2 the power imbalance could be restricted by the dynamic range capability of FE module since IF module is shared.
However, this is an implementation choice with rational costs and the spatial diversity gain can be achieved to some extends.
Observation 3: (Architecture #2) For the UE RF architecture that using independent AIP and RF front end to realize STxMP:
· Independent power control for each UL transmission link can be supported.
· The power imbalance could be restricted by the dynamic range capability of FE module since IF module is shared.
· SDM repetition transmission can be supported.
· A good balance between implementation costs and performance gain. 
Architecture #3 – Independent AIP
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Figure 1-3. Architecture #3 for STxMP  
In Figure 1-3, we provide the illustration for a possible solution that only using independent AIP to support STxMP operation. Apparently, this could be the most economical implementation choice, but due to the fact that two AIPs are sharing IF and front-end module, only repetition transmission can be supported without independent power control for each UE-TRP link.
Observation 4: (Architecture #3) For the UE RF architecture that using independent AIP to realize STxMP:
· Independent power control for each UL transmission cannot be supported.  
· SDM repetition transmission can be supported.
Proposal 3: RAN4 can take Architecture #2 as a start for the RF discussion on STxMP operation in Rel-18.
Potential RF requirements impact
From our thinking, the minimum output power, which is excerpted from the specification as below, may need reconsideration for STxMP operation. 
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Because within the same measurement channel bandwidth, simultaneous UL transmissions from two different beams will be scheduled. If the requirement remains the same for STxMP operation, then it would equivalently make the requirement for a single RF chain tighten by 3dB as the worst case. 
Observation 5: The minimum output power requirement may need reconsideration for STxMP operation.
On the RAN1 LS
Before this meeting, continuous discussions regarding RAN1 LS [2] have been launched in RAN4 but no consensus can be reached. We think more solid feedbacks can be provided based on realistic implementation restrictions since now RAN4 TU is available. 
Firstly, we think per UE power control for STxMP operation is feasible for sure because all existing power limitation concepts as listed in the Annex are per UE level. 
Observation 6: Per UE power control for STxMP operation is feasible.
Secondly, per panel power control for STxMP operation could be conditionally feasible according to our analysis.
Observation 7: From RAN4 perspective, the feasibility of per panel power control for STxMP operation depends on the following situations:
· If Architecture #3 will be used to support STxMP operation, per panel power control is infeasible.
· If Architecture #1/#2 will be used to support STxMP operation, per panel power control is infeasible.
· For Architecture #2, there would be a limitation for the power imbalance between two panels.
· For both Architecture #1 and #2, all power limitation concepts as listed in Annex shall be considered when the UE determines the transmission power for each panel.     
However, it seems that the current RAN1 progress on power control design is not pending on RAN4 discussion. Hence, we think RAN4 can provide a comprehensive reply instead of yes/no if it is necessary.
Observation 8: The current RAN1 progress on power control design is not pending on RAN4 discussion, a comprehensive reply instead of yes/no can be provided by RAN4 if it is necessary. 

Conclusion
In this contribution we provide our views on STxMP operation from RF perspective, we have the following observations and proposals: 
Observation 1: RAN1 has not introduced any concept like “Panel ID” till now and it is RAN4 common understanding that RF requirements have been established following panel agnostic principle.
Observation 2: (Architecture #1) For the UE RF architecture that using independent AIP, RF front end and IF module to realize STxMP operation:
· Independent power control for each UL transmission link can be supported.
· Over two panels, up to 4 layers and up to 2 TBs with independent UL precoder selection can be supported if baseband capability could be further enhanced.
· The overall gain for this most expensive choice should be further clarified considering all foreseeable implementation difficulties, e.g., additional relaxation for the actual transmission power of each link to overcome heat dissipation.
Observation 3: (Architecture #2) For the UE RF architecture that using independent AIP and RF front end to realize STxMP:
· Independent power control for each UL transmission link can be supported.
· The power imbalance could be restricted by the dynamic range capability of FE module since IF module is shared.
· SDM repetition transmission can be supported.
· A good balance between implementation costs and performance gain.
Observation 4: (Architecture #3) For the UE RF architecture that using independent AIP to realize STxMP:
· Independent power control for each UL transmission cannot be supported.  
· SDM repetition transmission can be supported.
Observation 5: The minimum output power requirement may need reconsideration for STxMP operation.
Observation 6: Per UE power control for STxMP operation is feasible.
Observation 7: From RAN4 perspective, the feasibility of per panel power control for STxMP operation depends on the following situations:
· If Architecture #3 will be used to support STxMP operation, per panel power control is infeasible.
· If Architecture #1/#2 will be used to support STxMP operation, per panel power control is infeasible.
· For Architecture #2, there would be a limitation for the power imbalance between two panels.
· For both Architecture #1 and #2, all power limitation concepts as listed in Annex shall be considered when the UE determines the transmission power for each panel.
Observation 8: The current RAN1 progress on power control design is not pending on RAN4 discussion, a comprehensive reply instead of yes/no can be provided by RAN4 if it is necessary.
Proposal 1: RAN4 can consider to only specify demod requirements instead of RF core requirements for FR2 STxMP operation in Rel-18.
Proposal 2: RAN4 should establish a view about possible UE hardware architecture implementations for realizing STxMP operation.
Proposal 3: RAN4 can take Architecture #2 as a start for the RF discussion on STxMP operation in Rel-18.
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Annex
Power limitation concepts:
1. Power class: The definition of power class (e.g. TS 38.101-2 clause 6.2.1.x), which is a package composed of below requirements
a. Min peak EIRP (The lower limit of EIRP at Tx beam peak direction);
b. Max EIRP (This is derived from regulatory requirements) and Max TRP;
c. Spherical coverage (The minimum EIRP at the Nth percentile of the distribution of power measured over the full sphere around the UE).
2. Configured transmitted power: PCMAX, f, c, which is used in RAN1 spec TS 38.213 power control part, and also applied in TS 38.101-2 clause 6.2.4: “The configured UE maximum output power PCMAX, f, c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement as specified in TS 38.215”. It is noted that PCMAX used by RAN1 power control mechanism for FR2 is considered at the virtual antenna connector which is not testable from RAN4 perspective.
3. Total power concept: In Rel-17, RAN4 had a discussion about “total power concept”, which is a maximum output power limitation for a FR2 UE from implementation perspective. In general, it means the actual radiation power of a UE considering multiple implementation aspects e.g. MPE limitation and heat dissipation. In this sense, the actual TRP limitation of the UE is not identical to the max limitation, i.e. Max TRP as defined for the power class of the UE.
4. P-max: The parameter p-Max (i.e. p-UE-FR2) similar to FR1 p-UE-FR1 was introduced by RAN2 spec, which is the maximum total transmit power to be used by the UE across all serving cells in frequency range 2 (FR2) across all cell groups.
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6.3.1.1

Minimum output power for power class 1

For power class 1 UE, the minimum output power shall not exceed the values specified in Table 6.3.1.1-1 for each
operating band supported. The minimum power is verified in beam locked mode with the test metric of EIRP (Link=TX
beam peak direction, Meas=Link angle).

Table 6.3.1.1-1: Minimum output power for power class 1

Operating band Channel bandwidth Minimum output power Measurement bandwidth

(MHz) (dBm) (MHz)
n257, n258, n260, n261, 50 4 47.58
n262 100 4 95.16

200 4 190.20

400 4 380.28
n263 100 TBD 95.16

400 TBD 381.12

800 TBD 715.20

1600 TBD 1429.44

2000 TBD 1705.92
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