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1. Introduction
In RAN #80 meeting, a new WI on MIMO has been approved. [1] 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 this contribution, we provide some discussions on enhancements on uplink full power transmission.
2. Discussion
In Rel-15, for uplink codebook based transmission, the precoders for full-coherent, partial-coherent and non-coherent transmission have been defined. For partial-coherent and non-coherent transmission precoders, a scaling factor has been defined to avoid power borrowing between UE antenna ports. Then the UE may not be able to reach the maximum transmission power when the corresponding partial-coherent and non-coherent precoders are selected for the UL transmission.
As shown in Table 1, for 2-port codebook, when TPMI index equals to 0 or 1, there could be 3dB power degradation compared to other precoders in the codebook. Then, in order to support full power transmission, one possible way is to change the scaling factor for the corresponding precoders.
Table 1: 2-port codebook for single-layer transmission in Rel-15
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 5
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	-
	-


It should be noted that it is not necessary that all UE antenna ports are supporting full power transmission. For a practical UE only some of the antenna ports can support full power transmission, while the others cannot. For example, for 2 antenna port UE, 1 antenna port may be able to support 23dBm transmission, but the other can only support 20dBm. Therefore, a new codebook structure should take such UE antenna structure into account. For example, the power scaling can be removed for the precoder indicating transmission only from the first antenna, while for all other precoders the scaling factor can be retained. Table 2, Table 3 and Table 4 illustrates possible examples of the proposed codebook structure following this design principle.
Table 2: Proposed 2-port codebook for single-layer transmission 
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 5
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	-
	-



Table 3: Proposed 4-port codebook for single-layer transmission for DFT-s-OFDM waveform
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-



Table 4: Proposed 4-port codebook for single-layer transmission for CP-OFDM waveform
	[bookmark: _Hlk500155670]TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-



Proposal 1: Full power in codebook based transmission is supported by removing scaling factor only for the precoder corresponding to the transmission from the first UE antenna port according to codebooks provided in Tables 2, 3 and 4. 
For non-codebook based transmission, as each DMRS port is associated with one SRS resource and the precoder is transparent to gNB. The UE can support full power transmission on SRS resource where the UE antenna port is supporting full power, and it cannot apply full power for some SRS resources if the primary UE antenna port is not selected. Whether UE applies full power or partial power for SRS resources can be detected by gNB after receiving SRS. To support full-power transmission, gNB can select the one with higher receiving power.
Proposal 2: No spec change for non-codebook based transmission is needed to support full power transmission.
3. Conclusion
In this contribution, we discussed the mechanisms to support full power transmission for UE with multiple PAs. Based on the discussion, the following proposals are achieved.
[bookmark: _GoBack]Proposal 1: Full power in codebook based transmission is supported by removing scaling factor only for the precoder corresponding to the transmission from the first UE antenna port according to codebooks provided in Tables 2, 3 and 4. 
Proposal 2: No spec change for non-codebook based transmission is needed to support full power transmission.
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