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1. Introduction

In this contribution we discuss the RAN1 decision on adding new UE Tx power capabilities for full Tx power in UL MIMO transmissions for power class 3 (PC3) and implications/impact on RAN4 specifications. 
For convenience, we are listing below the agreement from RAN1: 

“Agreement:
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:

· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability. 

· FFS: detailed power scaling description 

· Note: Full Tx power means UE delivers total power of 23dBm for PC3

· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 

· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability.

FFS: Whether all three capabilities will be specified or a subset will be specified

FFS: UE capability signalling/reporting details

Note: Two or more of the above capabilities could be merged depending on the further details”
RAN1 ask RAN4 to take the above agreement into account and to provide on the applicability of the new UE capabilities to PC2 UEs and also the the differences in their applicability between 2 and 4 port UL MIMO capable UEs.
2. Discussion
We will start our discussion analysing the power allocation assumption for UL MIMO in physical layer. The UE available power is allocated by splitting it equally between non-zero PUSCH antenna ports. That means and supports the idea of a single power control loop, a unique PHR calculation and power class can be assumed, and of course the PAs will reach their maximum rated power or maximum allowed power in the same time.
Observation 1: Under the current UL MIMO assumptions, the UE has a single and unique Power Class value, and a single Pcmax derived range.
In 38.101 specification, for UL MIMO the power is measured by summing the measured power at each antenna port. Also, we have a single Pcmax defined value, with a single set of Pumax tolerances. 
We noticed that UL MIMO requirements in RAN4 are applicable for 2 Tx antenna ports for closed loop spatial multiplexing case Codebook index 0 and DCI format 0_1.

Observation 2: UE RF specification covers only 2 Tx UL MIMO for closed loop spatial multiplexing case, Codebook index 0. Tolerances are covering only 2 PAs.

Since Rel-15 codebook subset restriction prevents a UE to achieve its full nominal power for non-coherent and partial-non-coherent UEs, RAN1 is investigating potential solutions. Three new UE capabilities are defined as some of the proposed solution are based on employing  PAs with higher rating in some of the RF chains. Based on the definition of new UE capabilities, we can conclude that:
-  UE Capability 1: All full rated PAs (23dBm): Since the UE is still a PC3 per UE, we believe that this should not change anything in RAN4 maximum power or configured maximum power requirements, and the UE implementation / physical layer operation can be fully responsible to fulfil the RF Tx maximum power requirements.

- UE Capability 2: None of the PAs can reach 23dBm. Again, we believe that we can keep the UE as a PC3 UE and maintain the legacy RF maximum power or configured maximum power requirements related to a PC3 UL MIMO capable UE. However, at this point RAN1 has not converged yet on a viable solution for this capability. 
- UE Capability 3: A subset of PAs would support 23dBm. We believe that we can maintain the current PC3 UL MIMO RF requirements. Maybe some adjustments would be required for the tolerances when 4Tx are used vs. 2Tx, since we may have 2 types of PAs. In principle, we believe that the UE operation in this case should be further detailed in RAN1.
Observation 3: Overall, RAN4 defined the UE Tx RF maximum power or configured maximum power requirements for UL MIMO using a single power limit as per PC3 with 2 Tx antenna ports.
Observation 4: For UE capability 3, the Pcmax test case using TPC UP commands, may have to make a difference between 2Tx and 4Tx due to possible different tolerances/physical layer operation, pending RAN1 decision.

Proposal 1: PC3 should be considered as a UL MIMO power class per UE, no matter what UE Tx capability (1,2,3) would be defined. The maximum power requirement measurement as a sum over non-zero power antenna port should be maintained.

Proposal 2: We need to investigate in RAN4 the following UL requirements for 4Tx:


- Time alignment for 4Tx antenna ports (TAE currently 130ns) – 6.4D.3


- The requirements for coherent UL MIMO – 6.4D.4



- Add the 4Tx case for UL MIMO and verify the output power tolerances

For the PC2 question, we believe that the current PC2 restrictions (duty cycle) should be maintained and have UL MIMO operation driven by the PC2 power class current requirement in 38.101.
3.  Conclusion
The following observations and proposals were made:
Observation 1: Under the current UL MIMO assumptions, the UE has a single and unique Power Class value, and a single Pcmax derived range.

Observation 2: UE RF specification covers only 2 Tx UL MIMO for closed loop spatial multiplexing case, Codebook index 0. Tolerances are covering only 2 PAs.

Observation 3: Overall, RAN4 defined the UE Tx RF maximum power or configured maximum power requirements for UL MIMO using a single power limit as per PC3 with 2 Tx antenna ports
Observation 4: For UE capability 3, the Pcmax test case using TPC UP commands, may have to make a difference between 2Tx and 4Tx due to possible different tolerances/physical layer operation, pending RAN1 decision.

Proposal 1: PC3 should be considered as a UL MIMO power class per UE, no matter what UE Tx capability (1,2,3) would be defined. The maximum power requirement measurement as a sum over non-zero power antenna port should be maintained.

Proposal 2: We need to investigate in RAN4 the following UL requirements for 4Tx:



- Time alignment for 4Tx antenna ports (TAE currently 130ns) – 6.4D.3



- The requirements for coherent UL MIMO – 6.4D.4
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