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Introduction
The Release 16 NR MIMO WID includes an item on UL full power transmission [1]:
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)

The discussion on this topic in the RAN1#94bis meeting reached the following agreement [2]:
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)

Most contributions in the RAN1#94bis meeting deal with codebook based PUSCH transmission. In this contribution, we discuss the UL transmission power for non-codebook based PUSCH transmission.
Discussion of UL TX power
NR Release 15 defines both codebook and non-codebook based UL transmission. The codebook based transmission is similar to that of LTE. The UL codebooks support fully coherent, partially coherent, and non-coherent antenna ports, and are well structured. Take the three-layer codebook for four antenna ports as an example [3]:

Table 6.3.1.5.4-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

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

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	-


 
UE with non-coherent antenna ports can use codeword 0, UE with partially coherent antenna ports can use codewords 1-2 as well as 0, and only UE with fully coherent antenna ports can use codewords 3-6. For all the codewords, each of the used antenna ports has baseband transmission power of 1/4. For codewords with all the antenna ports active (1-6), the total baseband transmission power is 1. For codewords using only a subset of the antenna ports, the total baseband transmission power is proportional to the number of active antenna ports.  In the example, codeword 0 has total baseband transmission power of 3/4 because only 3 out of 4 antenna ports are used. In Rel-15 NR, for an N port UL codebook, the following properties hold:
· The baseband TX power of every transmitting antenna port is 1/N.
· The total baseband TX power is M/N, where M is the number of transmitting antenna ports.

The transmission power per layer is not necessarily uniform.  For codewords 1-2 in the above example,  the transmission power is 1/2 for the first data layer, and 1/4 each for the second and third layer. This is not an issue since the gNB can configure the MCS for the transport block considering the quality of all the layers.
The unit transmission power for fully coherent UE, and proportional unit transmission power for non-coherent or partial coherent UEs, combined with Type 1 PHR, gives gNB accurate informatoin of the power headroom at the UE. Because the precoders have well structured baseband power, there is no need to incorporate precoder dependent information in the PHR. With PHR, gNB may increase the UE TX power through power control without over stretching the PA at the antenna ports. 
The situation is different for non-codebook based UL transmission. Non-codebook based PUSCH is based on SRS ports. The gNB indicates in DCI format 0_1 a set of SRS resources through the SRI field. Because the precoders for SRS resources is up to UE implementation, gNB has no idea of the TX power at the antenna ports for individual SRS resources or combination of SRS resource. For a UE with Na antenna ports, the TX power vector at the antenna ports for SRS resource j is
,
where   is the UE determined precoder for single port SRS resource j. For PUSCH using multiple SRS ports SRI ={}, the TX power vector is

It is clear that the baseband transmission power at the antenna ports is not normalized and has no fixed structure. Normalization of TX powers based on the number of layers (the number of scheduled SRS resources) is meaningful without normalizing the per SRS transmission power first. This is impossible because it is UE, not gNB that determines the precoding vector for the SRS resources. (An exception is when SRS is not precoded. But even in this case, there is no signaling from UE to indicate so to gNB.)  Without additional information, the gNB does not have accurate idea of the real power headroom at the UE antenna ports from PHR alone. The gNB may instruct the UE to increase its power above the power limit of its PA and cause signal quality degradation. 
Observation 1: Without additional information, gNB cannot accurately calculate the power headroom at the UE antenna ports for non-codebook based PUSCH transmission.
To address this issue, UE can provide additional information related to the baseband transmission power of SRS resources or SRS resource combinations. UE can either send to gNB the baseband power vector for SRSs resource configured for non-codebook based PUSCH transmission, or send to gNB the maximal baseband power of all the antenna ports for possible SRS combination defined in Table 7.3.1.1.2-28-31 of [4]. Such information can be sent either in MAC-CE or in RRC message, and should be updated when the UE updates its UL precoders for SRS.
Proposal 1: UE can send gNB baseband transmission power information for SRS resources configured for non-codebook based PUSCH transmission or SRS combinations.  
Note the problem of non-unit baseband transmission power also exists with other SRS transmission, including SRS configured for DL or UL channel sounding. Without additional information, gNB cannot accurately calculate the real power headroom at the UE antenna ports with type 3 PHR alone. The discussion and the proposed solution apply to SRS transmission power too. 

Conclusion
In this contribution, we analyzed UL transmission power for non-codebook based PUSCH transmission and compared it with codebook based PUSCH. Our observation and proposal are summarized as below: 
Observation 1: Without additional information, gNB cannot accurately calculate the power headroom at the UE antenna ports for non-codebook based PUSCH transmission.
Proposal 1: UE can send gNB baseband transmission power information for SRS resources configured for non-codebook based PUSCH transmission or SRS combinations.  
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