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1. Introduction
In RAN1 #94b meeting, the following on full power uplink transmission has been agreed.
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
· [bookmark: _GoBack]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 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: Option 1-2 is supported: 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.
In addition, legacy UE is not required to support full power transmission, so to support full power transmission for Rel-16 UE cannot help network to enlarge cell coverage. Full power transmission can help to increase a single UE performance but network should still take legacy UEs into account. Therefore no matter which option is selected to support full power transmission, UE is not mandatorily to support this feature. 
Proposal 3: To support full power transmission should be an optional UE feature, since this cannot help to enlarge cell coverage with regard to legacy UEs.
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.
Proposal 1: Option 1-2 is supported: 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.
Proposal 3: To support full power transmission should be an optional UE feature, since this cannot help to enlarge cell coverage with regard to legacy UEs.
References
[1] RP-181453. WI Proposal on NR MIMO Enhancements. Samsung
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