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Introduction
In RAN4#107 meeting, RF requirements for uplink simultaneous transmission with multi-panel (STxMP) has been discussed and some agreements and open issues are captured in the WF which is shown as below. For Pcmax/Pumax, it is agreed that RAN4 should define “per-panel” configured transmitted power PCMAX,f,c,k for STxMP power control with the total panel number limited to two. It is also agreed that a minimum capability for STxMP UE architecture is to steer two UL beam independently. However, there are still some open issues about how to define per-panel PCMAX,f,c,k , MPRf,c,k/A-MPRf,c,k and how to handle the testability issue. In this paper, we would like to share our view in the following.
<Topic 1: STxMP>
<Agreement>: Pcmax/Pumax for STxMP
· RAN4 agreed to define ‘per-panel’ configured transmitted power for STxMP power control. 
· Total number of panels for ‘per-panel’ Pcmax should be two 
· FFS whether to introduce new inequation for ‘per-panel’ Pumax
· ‘per-panel’ to be replaced in final spec language, FFS how to define per-panel ‘k (k=0,1)’ for PCMAXf,c,k considering following options
· Per TCI state
· Per TCI pool
· Per SRS resource set
· Others based on RAN1 updates are not precluded 
<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
<Agreement>: RAN4 work scope
· RAN4 agreed to consider ‘per-panel’ configured transmitted power (clause 6.2X.4) for WI completion



Discussion
In Rel-18, the WI for MIMO evolution for downlink and uplink has been agreed and one of objectives related to RAN4 is to specify the necessary core requirements for the UL simultaneous transmission with multiple panels. In the last meeting, RAN4 discussed a lot about the STxMP RF requirements for per-panel PCMAX,f,c,k/PUMAX,f,c,k and per-panel MPRf,c,k/A-MPRf,c,k. Finally, RAN4 agreed to define per-panel PCMAX,f,c,k for STxMP power control and whether to define a new equation for PUMAX,f,c,k is not determined. In addition, whether to define per-panel MPRf,c,k/A-MPRf,c,k is also needed to be further discussed.
Regarding the definition of per-panel PCMAX,f,c,k, companies proposed three options in the WF. The first option is to use per TCI state to define per-panel PCMAX,f,c,k. As some companies pointed out in the last meeting, the number of unified TCI state could be up to 128 and at most 64 TCI states can be used for UL transmission. Hence, it is not preferred for the UE to keep track on 64 UL TCI states for each panel PCMAX,f,c,k because of the much higher complexity. The second option is to use per TCI pool for each TRP to define per-panel PCMAX,f,c,k. Although the number of TRP is limited up to 2 in WID, it is not very clear about how many TCI states would be indicated in each TCI pool. So, the second option is also not preferred. The third option is to use per SRS resource set to define per-panel PCMAX,f,c,k. In accordance with total panel number limited to two, the number SRS resource set would be configured at most as two. Furthermore, each per-panel UL Tx beam can be mapped to the reported SRS resource indicator (SRI) associated with the configured SRS resource set. In our view, since the number of UL Tx beam is usually much smaller than the max number of configured TCI states, it would be beneficial for the UE to monitor less parameters for per-panel PCMAX,f,c,k by SRS resource set. Hence, we support to define per-panel PCMAX,f,c,k by per SRS resource set for STxMP.
Proposal 1: To define per-panel PCMAX,f,c,k by per SRS resource set for STxMP.
In our understanding, another critical controversial issue for STxMP RF requirements is about how to handle the requirements by considering whether simultaneous UL Tx beam transmission is overlapping or not. If Tx beam is overlapping during UL transmission, the requirements for per-panel PCMAX,f,c,k and MPRf,c,k/A-MPRf,c,k may be different from the non-overlapping UL transmission. For this case, companies have lot of discussion on how to handle the requirements for Tx overlapping transmission but no consensus is reached. In our view, Tx beam overlapping transmission may not be necessary to support if the panels are not placed too closely from implementation perspective. Therefore, we propose to introduce the UE capability to distinguish whether STxMP overlapping transmission is supported or not. If the panels are implemented closely to have overlapping transmission, the UE can indicate it in the UE capability to inform the network. 
Actually, RAN4 has already introduced a similar precedent IE txDiversity-r16, which can indicate whether the UE supports transparent Tx diversity requirements as specified in the suffix G clauses of TS 38.101-1. Hence, we think the same concept can be applied to STxMP overlapping transmission. If STxMP overlapping transmission capability is indicated, the UE should follow the STxMP requirements with overlapping transmission. If STxMP overlapping transmission capability is not indicated, the UE should follow the STxMP requirements with non-overlapping transmission.
Proposal 2: Introduce the UE capability to indicate whether STxMP overlapping transmission is supported or not. If STxMP overlapping transmission capability is indicated, the UE should follow the STxMP requirements with overlapping transmission. If STxMP overlapping transmission capability is not indicated, the UE should follow the STxMP requirements with non-overlapping transmission.
Regarding per-panel PUMAX,f,c,k, some companies propose to add the relaxation value TSTxMP in the lower bound of PUMAX,f,c,k inequation. In our view, TSTxMP can be used to accommodate different UE implementation due to supporting STxMP. Thus, we support to introduce TSTxMP associated with STxMP overlapping capability as below. Where the reasonable condition for the undetermined value would be TBD1>=0 and TBD1 < TBD2.
· TSTxMP = [TBD1],  if STxMP overlapping capability is not indicated.
· TSTxMP = [TBD2],  if STxMP overlapping capability is indicated.
Proposal 3: Introduce relaxation value TSTxMP as below in the lower bound of PUMAX,f,c,k inequation according to whether STxMP overlapping capability is indicated, where TBD1>=0 and TBD1<TBD2.
· TSTxMP = [TBD1],  if STxMP overlapping capability is not indicated.
· TSTxMP = [TBD2],  if STxMP overlapping capability is indicated.
Regarding per-panel MPRf,c,k/A-MPRf,c,k, the requirement would be determined by RB allocations, modulation order and UL transmission waveform type. Unlike single-panel MPRf,c/A-MPRf,c requirement derived from the same modulation order and RB allocation, per-panel MPRf,c,k/A-MPRf,c,k may be determined by different modulation order and different RB allocations when multi-DCI is configured for multi-panel UL transmission. In addition, it would be possible that the requirement for per-panel MPRf,c,k/A-MPRf,c,k may be additionally impacted when multi-DCI is configured with UL Tx beam overlapping transmission. Hence, we propose to define separate per-panel MPRf,c,k/A-MPRf,c,k table for STxMP overlapping and non-overlapping transmission, where different modulation order and RB allocations for each panel could be also considered in the tables. Then, the UE should follow the corresponding table according to whether STxMP overlapping transmission capability is indicated or not.
Proposal 4: RAN4 should define separate per-panel MPRf,c,k/A-MPRf,c,k tables for STxMP overlapping and non-overlapping transmission. The UE should follow the corresponding table according to whether STxMP overlapping transmission capability is indicated or not. 
Regarding the testability to differentiate STxMP overlapping transmission, one possible method to detect STxMP overlapping transmission could be to sequentially measure Tx_power#1 for only Panel-1, Tx_power#2 for only Panel-2, and Tx_power#3 for simultaneous UL transmission with Panel-1 and Panel-2. Then, STxMP overlapping transmission could be determined by whether the condition Tx_power#3 > max(Tx_power#1, Tx_power#2) is met or not. 
In one example, the TE first measures Tx_power#1 by configured UL transmission for only Panel-1 with UL TCI#1 (with associated SRS) or SRI#1, and the TE second measures Tx_power#2 by configured UL transmission for only Panel-2 with UL TCI#2 (with associated SRS) or SRI#2. Then, the UE measures Tx_power#3 by configured simultaneous UL transmission for Panel-1 and Panel-2 with both TCI#1(or SRI#1) and TCI#2(or SRI#2). Finally, the TE can check the whether the condition Tx_power#3 > max(Tx_power#1, Tx_power#2) is met or not. If the condition is met, the TE can determine TCI#1(or SRI#1) and TCI#1(or SRI#2) has overlapping transmission in STxMP. Where the Tx_power in the example could be UL PUSCH power and/or UL SRS power.
Proposal 5: The test method to detect STxMP overlapping transmission could be to sequentially measure Tx_power#1 for only Panel-1, Tx_power#2 for only Panel-2, and Tx_power#3 for simultaneous UL transmission with Panel-1 and Panel-2. Then, STxMP overlapping transmission could be determined by whether the condition Tx_power#3 > max(Tx_power#1, Tx_power#2) is met or not.
Conclusion
The proposals in this contribution are summarized in the following.
Proposal 1: To define per-panel PCMAX,f,c,k by per SRS resource set for STxMP.
Proposal 2: Introduce the UE capability to indicate whether STxMP overlapping transmission is supported or not. If STxMP overlapping transmission capability is indicated, the UE should follow the STxMP requirements with overlapping transmission. If STxMP overlapping transmission capability is not indicated, the UE should follow the STxMP requirements with non-overlapping transmission.
Proposal 3: Introduce relaxation value TSTxMP as below in the lower bound of PUMAX,f,c,k inequation according to whether STxMP overlapping capability is indicated, where TBD1>=0 and TBD1<TBD2.
· TSTxMP = [TBD1],  if STxMP overlapping capability is not indicated.
· TSTxMP = [TBD2],  if STxMP overlapping capability is indicated.
Proposal 4: RAN4 should define separate per-panel MPRf,c,k/A-MPRf,c,k tables for STxMP overlapping and non-overlapping transmission. The UE should follow the corresponding table according to whether STxMP overlapping transmission capability is indicated or not. 
Proposal 5: The test method to detect STxMP overlapping transmission could be to sequentially measure Tx_power#1 for only Panel-1, Tx_power#2 for only Panel-2, and Tx_power#3 for simultaneous UL transmission with Panel-1 and Panel-2. Then, STxMP overlapping transmission could be determined by whether the condition Tx_power#3 > max(Tx_power#1, Tx_power#2) is met or not.
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