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1. Introduction
In RAN #80 meeting, a new WI on MIMO enhancement has been approved [1]. Following objective is included in the WI.
	· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)


[bookmark: _Hlk524526354]In this contribution, we discuss the full TX Power UL transmission in Rel. 16.

2. Discussion
In Rel. 15, PUSCH power control the following is specified in TS 38.213 section 7.1 [2]. 
	7.1  Physical uplink shared channel 





For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first scales a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1, by 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. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 




The above formulation linearly scales the transmission power to each antenna ports assuming UE with full coherent capability. For UE with full coherent capability, UE can transmit PUSCH with full power. However, the above formulation does not enable UE with partial/non coherent capability to transmit with full power. For example, Table 1 shows Precoding matrix  of codebook UL MIMO for single-layer transmission for four antenna ports with transform precoding enabled, which is specified in Table 6.3.1.5-2 of TS 38.211 [3]. As shown in the table, the precoding matrix for UE with partial/non coherent capability includes zero value, which means Rel. 15 UE with partial/non coherent capability cannot transmit PUSCH with full transmission power for single layer UL MIMO. We believe this should be fixed in Rel. 16 so that UE with partial/non coherent capability can transmit PUSCH with full transmission power.
However, assuming we cannot change transmission power of Rel. 15 UE, the purposes of supporting UL full power for Rel. 16 UE should be clarified. We believe one purpose of supporting UL full power transmission is to improve UL SNR. Since UL full power transmission enables Rel. 16 UE with partial/non coherent capability to transmit full power, UL SNR will be improved when UL full power transmission is specified. On the other hand, from coverage perspective, the cell coverage of PUSCH is determined by Msg. 3 PUSCH which is always single antenna port; the coverage of Rel. 15-16 UE is the same because Rel. 15 UE already enables to transmit UL full power with single antenna port. Figure 1 illustrates another possible purpose to specify full power transmission. Since UL full power transmission enables UE to increase transmission power of single layer UL MIMO, UL full power transmission would enable to improve coverage of single layer UL MIMO.
In order to specify UL full power transmission in Rel. 16, we believe following can be considered. 
· Specify power control to allocate full UL transmission power on the antenna port(s) with non-zero value of the precoding matrix for codebook based UL MIMO.
Based on the above discussion, we would like to provide following proposals.
Proposal 1: 
· Purposes of supporting UL full power transmission should be clarified as following:
· To improve UL SNR and coverage of single layer UL MIMO.
Proposal 2: 
· In order to specify UL full power transmission, following can be considered.
· Specify power control to allocate full UL transmission power on the antenna port(s) with non-zero value of the precoding matrix for codebook based UL MIMO.



Table 1: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding enabled [1].
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Figure 1. Purposes of UL full power transmission.

3. Conclusion
In this contribution, we discussed the full TX Power UL transmission in Rel-16. Based on the discussion, we made following proposals.
Proposal 1: 
· Purposes of supporting UL full power transmission should be clarified as following:
· To improve UL SNR and coverage of single layer UL MIMO.
Proposal 2: 
· In order to specify UL full power transmission, following can be considered.
· [bookmark: _GoBack]Specify power control to allocate full UL transmission power to the antenna port(s) with non-zero value of the precoding matrix for codebook based UL MIMO.
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Table 6.3.1.5 - 2: Precoding matrix 

W

  for  single - layer transmission using  four  antenna ports  with  transform precoding enabled.  

TPMI index  

W

  (ordered from left to right in  increasing order of TPMI index)  
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Purposes: to improve SNR and 

coverage of single layer UL MIMO
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