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In RAN #94e, the MIMO evolution downlink and uplink were approved in [1]. Among its objectives, there is the study and specification of two timing advance (TA) loops for UL multi-DCI for multi-TRP operations:  
2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework. 
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. 
 
In this contribution, we discuss the potential impact on RAN4 requirements of the above-described RAN4 agreements.  

[bookmark: _Toc116995842]Discussion
The main content of the paper and analysis is to discuss any needs for relaxation for UL MIMO configuration in FR2 and discuss if the relaxations should be identical to the defined relaxations for UL CA. UL CA is only used as the reference and comparison – UL MIMO is the evaluated feature.  
In RAN4 RF 38.101-2, we can look at the Power Class 1 values as an example since the RAN1 WID is targeting FWA/CPE/Vehicular/Industrial devices where the minimum Peak EIRP power limits and spherical coverage are shown in table 6.2.1.1-1 and table 6.2.1.1-3.  
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Transmitter power for UL CA (from Rel-17): 
For inter-band UL CA, the spherical coverage area for each band is the percentage of the sphere around the UE where the EIRP exceeds the EIRP level specified in Tables 6.2.1.1-3 for each power class and further reduced by the parameter ΔTIB,S,n specified in Table 6.2A.1-1 as shown below:
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Transmitter power for UL MIMO (for Rel-18): 
The following requirements define the minimum peak EIRP by the PC1 UE. Requirements apply to UEs when configured for 2-layer transmission
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It can be seen from the tables that the requirements are the same for single-UL and for UL MIMO in FR2 bands. There are relaxations already for CA that CA could be done in FR2 from the same UE panel which caused inter-modulation products justifying the need to relax the requirements for CA (due to the same panel transmission on two different BWP). Whereas for UL MIMO, the RF architecture consist of two different panels (independent modules sitting next to each other), therefore, no relaxation is needed since it is two independent panels, just transmitting simultaneously. 


Figure 1 Illustration of a 2 layer UL MIMO configuration

Observation 1: The EIRP relaxations are used in UL CA requirements (on two different CC for inter-band UL CA) in the consideration of the UE spherical coverage and the performance of UE in TS 38.101-2. Similar studies are also needed for multi-panels, multi streams UE design for the same CC, or different CC use cases in FR2.  

Proposal 1: If the UE RF architecture scope is limited to a scenario where the two active Tx chains are associated with two different panels (i.e. two independent antenna modules), then no relaxations should be introduced for Rel-18 UL MIMO operations. 
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In this contribution, the following observation and proposal are presented:  

Observation 1: The EIRP relaxations are used in UL CA requirements (on two different CC for inter-band UL CA) in the consideration of the UE spherical coverage and the performance of UE in TS 38.101-2. Similar studies are also needed for multi-panels, multi streams UE design for the same CC, or different CC use cases in FR2.  

[bookmark: _Toc116995849]Proposal 1: If the UE RF architecture scope is limited to a scenario where the two active Tx chains are associated with two different panels (i.e. two independent antenna modules), then no relaxations should be introduced for Rel-18 UL MIMO operations. 
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Table 6.2

.1-1: UE minimum peak EIRP for power class 1

Operating band Min peak EIRP (dBm)
n257 40.0
n258 40.0
260 38.0
n261 40.0
262 342
n263 30.6

NOTE 1:_Minimum peak EIRP is defined as the lower limit without tolerance
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Table 6.2.1.1-3: UE spherical coverage for power class 1

Operating band | Min EIRP at 85 %-tile CDF (dBm)
n257 32.0
n258 32.0
n260 30.0
n261 32.0
n262 26.0
n263 191

NOTE 1: Minimum EIRP at 85 %-lile CDF is defined as
the lower limit without tolerance

NOTE 2: The requirements in this table are verified only
under normal temperature conditions as
defined in Annex E 2.1
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Table 6.2A.1-1: AT;g EIRP relaxations for inter-band UL CA for power class 1

NR CA configuration NR band ATigpn (dB) ATig s (dB)
CA_n260A-n261A n260 [15] 25
n261 151 25
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Table 6.2D.1.1-1: UE minimum peak EIRP for UL MIMO for power class 1

Operating band Min peak EIRP (dBm)
n257 40.0
n258 40.0
n260 380
n261 40.0
n262 342
NOTE 1:_Winimum peak EIRP is defined as the lower limit without folerance
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Table 6.2D.1.1-4: UE spherical coverage for UL MIMO for power class 1

Operating band | Min EIRP at 85 %-ile COF (dBm)
n257 20
n258 320
n260 300
n261 320
n262 260

NOTE 1: Minimum EIRP at 85 %-file CDF is defined as
the lower limit without tolerance
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