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In RAN #94e, the MIMO evolution downlink and uplink was 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.




Previous RAN#1 agreements [R1- 2212878]:
	RAN1#109e

	Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17 
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 
 Agreement

On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH/PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH/PUCCH (including P0, alpha for PUSCH, and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH
 
Agreement
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
1. Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
2. Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
3. In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
4. If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 is endorsed in R1-2205639.

	RAN1#111

	Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field

Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS

Agreement

On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 

FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.

Above applies for the case where PDSCHs scheduled by the same DCI.

Agreement 

On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group

Note: Detail of the RRC configuration is left to RAN2 design

 Agreement

On unified TCI framework extension, PDSCH-CJT is supported as a S-DCI based MTRP scheme

Note: Above does not preclude discussions specific to PDSCH-CJT design in the unified TCI framework



In this contribution we discuss the potential impact on RAN4 requirements of the above-described RAN1 agreements. 
[bookmark: _Toc116995842]Discussion
The answers for the “LS on UE power limitation for STxMP in FR2” R1-2205639) including the concerns related to panel definition in R4-2218131 from InterDigital Communications, UE maximum output power Pcmax in R4-2218039 from Qualcomm Incorporated, also the EIRP in R4-2212065 from Nokia, Nokia Shanghai Bell. For future MIMO UE designs with multi-panels, those need to be studied based on previous experience.  

There is a reference panel design in section 5.2.3.1 of TR38.803. 


Figure 5.2.3.1-1: General antenna model

By using the same PA output power, the EIRP can be increased by increasing the antenna gain. The more antennas used the more gain is achieved. Compared to the UE power in class 3, the minimum required EIRP for power classes 1 and 2 is higher, therefore, the antenna panel may consist of more antenna elements e.g., the panel can be a square array instead of the linear array. Hence PC1 & PC2 UE can reach higher peak EIRP.
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 maximum output power limits are shown in the below tables.  
Table 6.2.1.1-2: UE maximum output power limits for power class 1 
	Operating band 
	Max TRP (dBm) 
	Max EIRP (dBm) 

	n257 
	35 
	55 

	n258 
	35 
	55 

	n260 
	35 
	55 

	n261 
	35 
	55 

	n262 
	35 
	55 


 
Table 6.2D.1.1-3: UE maximum output power limits for UL MIMO for power class 1 
	Operating band 
	Max TRP (dBm) 
	Max EIRP (dBm) 

	n257 
	35 
	55 

	n258 
	35 
	55 

	n260 
	35 
	55 

	n261 
	35 
	55 

	n262 
	35 
	55 


Table 6.2.1.2-2: UE maximum output power limits for power class 2 
	Operating band 
	Max TRP (dBm) 
	Max EIRP (dBm) 

	n257 
	23 
	43 

	n258 
	23 
	43 

	n259 
	23 
	43 

	n261 
	23 
	43 

	n262 
	23 
	43 

	n263 
	23 
	43 


Table 6.2D.1.2-2: UE maximum output power limits for UL MIMO for power class 2 
	Operating band 
	Max TRP (dBm) 
	Max EIRP (dBm) 

	n257 
	23 
	43 

	n258 
	23 
	43 

	n261 
	23 
	43 

	n262 
	23 
	43 


From these tables, it can be seen that the maximum power limit per UE panel for a single active panel and for UL MIMO with multiple active panels are the same. That is to say that each UE panel (operating individually) must be below the TRP value of 35 dBm while the UE with simultaneously transmitting panels must also be below the TRP value of 35 dBm, e.g. each panel transmitting with 29 dBm for 4-layer UL MIMO (i.e. 35 dBm available power divided by 2 panels, divided by 2 polarizations).

Observation 1: the maximum power limit is per UE. Therefore, UE with a single active panel and UE with multiple active panels for UL MIMO have the same maximum power limit e.g. 35 dBm.
The maximum radiated power is achieved when both panels are pointing the same direction and add up constructively as depicted in picture Figure 1. The UE may apply back-off to ensure not violating the regulatory radiated power requirements.
[image: ]
[bookmark: _Ref127364052][bookmark: _Ref127364040]Figure 1: maximum radiated power is achieved when both panels are pointing in the same direction.
In the case that each TCI state is served with a UE panel individually reaching the maximum power class limit and that the two TCI states are in the same angular direction (QCL Type-D), there may be a risk with compliance thus a total power restriction for simultaneous UL transmission on the same TCI state. In such cases, UE uses power back-off to ensure compliance with regulatory radiated power limits.
Observation 2: The maximum radiated power is achieved that each TCI state is served with a UE panel individually reaching the maximum power class limit and that the two TCI states are in the same angular direction (QCL Type-D).

2.1 Architecture considerations 

Rel-18 enhancements include 2 simultaneous UL, therefore UE architecture considerations should be discussed. For example, would a Rel-18 UE necessarily include 2 Tx RF chains? would each active Tx RF chain be associated to a different panel? or would two Tx RF chains be serving the same active panel as shown in Figure 2?
The above-mentioned use cases may impact the requirements and it may be advantageous to discuss which architectures should be assumed.
[image: ]
[bookmark: _Ref127394145]Figure 2: UE RF architecture considerations
Observation 3: For FR2 Rel-18 UL MIMO multiple types of architectures could be considered. It may be beneficial to assess the scope of the discussion.
Proposal 1: Clarify whether the scope of the discussion should be limited to some types of UE RF architectures e.g. where each active Tx chain is associated with different panels.
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In this contribution, the following observations and proposals are presented: 
[bookmark: _Toc116995849]Observation 1: the maximum power limit is per UE. Therefore, UE with a single active panel and UE with multiple active panels for UL MIMO have the same maximum power limit e.g. 35 dBm.
Observation 2: The maximum radiated power is achieved that each TCI state is served with a UE panel individually reaching the maximum power class limit and that the two TCI states are in the same angular direction (QCL Type-D).
Observation 3: For FR2 Rel-18 UL MIMO multiple types of architectures could be considered. It may be beneficial to assess the scope of the discussion.

Proposal 1: Clarify whether the scope of the discussion should be limited to some types of UE RF architectures e.g. where each active Tx chain is associated with different panels.
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