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Introduction
[bookmark: _Ref378529477]In RAN #80, a new work item on MIMO has been approved. The objective for this WI Is as follows:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



In RAN1#94bis, the following agreements were made:
Agreement
Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. Decision will be made in RAN1#95:
· Option 1: Refinement/adjustment of UL codebook is supported
· 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
· 1-2: Introduce additional scaling factor for uplink codebook
· Option 2: UE transparently apply a small cyclic or linear delay
· Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
· Note: Full rated PA refers to a PA having power not lower than that of the power class
· Option 4: Up to UE implementation (no specification impact)

In RAN1#95, the following agreements were made:

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
· This specification support is a UE optional feature
· FFS: Whether this applies for the entire codebook or subset of codebook
Agreement
Full TX power UL transmission, one additional option (option 5) is added

Option5: For the precoders with 0 entries, the linear value  of a PUSCH transmission power is scaled by a ratio Rel-16.  The value of Rel-16 is selected up to UE implementation within the range of [Rel-15, 1],  where Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  
· UE is required to maintain consistent Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH
Agreement
Full TX power UL transmission, option 4 is updated as follows
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL (no specification impact)

Full TX, In RAN1#AH1901, the following agreements were made 
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
In RAN1#96bis, the following agreements were made
Agreement
Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· FFS: For UE capability 1, if any other information is necessary
· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed
· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced
· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission
UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1
The signalling of above information does not imply any specific UE PA architecture implementation.
Agreement
RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
· Alt5: FDM multi-port simultaneous transmission


Full Power Transmission for UL 
In our view removing the codebook entries with zero power for any antenna element does not impact the performance significantly.  Hence for codebook based MIMO the network can choose the codebook entries by eliminating the specific entries which have zero in any antenna branch.  However, if the UE is cable of supporting full transmission power, we would like to have this indication is available to the network.  Hence we prefer Alternative 1 for UE capability 2.

Proposal:  Support Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)

As this option will solve the problem and it is up to the network how to allocate the TPMI and decode the PUSCH. 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we provided our views on full power transmission for uplink transmission
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
[bookmark: _GoBack]Proposal:  Support Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
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