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1 Introduction

In RAN#80 meeting, a new WID for enhancement of NR-MIMO has been approved for Rel-16. One of the objectives is to specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers [2]. In RAN1 #94bis meeting, this issue was discussed in both items of maintenance of Rel-15 NR and NR in Rel-16 and reached the conclusion [1] as listed in the following sub-clauses. We provide our views on this topic in this contribution.

2 Background
In the current 38.213[1], power scaling factor maintains the same scheme as LTE for PUSCH transmission as follows. 
· Each antenna port can be allocated with up to the power of 
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 is the number of configured antenna ports. If there are any zero power antenna ports, the power quota for zero power antenna ports cannot be re-allocated to other non-zero power antenna ports. 
Consequently, the UL power calculated by a UE for a PUSCH transmission can not be fully used for the PUSCH transmission once  there are any of zero-power antenna ports.

	For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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, a UE first scales a linear value 
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, 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. 


This issue was discussed for NR Rel-15 maintenance in RAN1#94b, and an agreement has been reached as follows.  As discussed in [4], the remaining issue in Rel-15 is to refine the wording to make the specification clearer.
	7.1.5Maintenance for UL power control

Agreement

Clarify Rel-15 NR PUSCH power scaling specifications such that per-PA full power capacity for all PAs in the UE is NOT required for any MIMO UE capability.


3 Discussion on Full TX Power for UL transmission for Rel-16
One objective of Rel-16 is to improve this scheme as follows [2].

	· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)


It was discussed in RAN1#94bis meeting with the following agreement.

	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)


According to the discussion in RAN1#94bis meeting, UE capability should be specified for Rel-16 at first. Per-PA full power rate for all PAs in the UE may not be assumed as mandatory when considering cost, complexity issues. But per-PA full power capacity for all PAs in the UE is the most powerful configuration to support full power for UL transmission which should be at least supported based on UE capability. We devise the possible way to support this configuration as below.

· For the UEs without such powerful capability, the Rel-15 scheme can be used.

· Otherwise, for the UEs with the enhanced capability of UL full-power transmission, each antenna port shall be associated with one PA, each of which can support to reach Pcmax, e.g. 23dBm. 

· For codebook based transmission, these coefficients for a precoding matrix [3, 38.211] reflects both the power to be split across antenna ports and the power to be split across layers per antenna port. Notice that splitting power across layers per antenna port should only be determined according to the number of non-zero elements.
· For non-codebook based transmission, the transmission power for UL PUSCH should also be split across all non-zero power antenna port rather than all antenna ports similarly since the actual number of antenna ports used for transmission is equivalent to the number of transmission layers which can be less than the maximum number of antenna ports to be configured according to UE capability signaling.

· In order to support full power UL transmission, the current limitation on power splitting across the number of configured antenna ports should be removed. 
In consequence, the coefficients of a precoding matrix should be modified to reflect the number of all the non-zero elements in the precoding matrix for keeping consistency and fair comparison between different codewords.

Proposal-1: In Rel-16, for a PUSCH transmission on active UL BWP 
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 of carrier 
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 of serving cell 
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, a UE splits a linear value 
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 equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 

· Note: the above applies to both codebook based transmission and non-codebook based transmission.

Proposal-2: The coefficients of precoding matrix should be modified to reflect power split among the number of all the non-zero elements in the precoding matrix in Rel-16. 
· The coefficients of precoding matrix should be modified to be 1/sqrt(M) in Rel-16, where M is the number of rows with at least one non-zero element.
Some examples for the change on the coefficients of precoding matrixes are provided in highlighted parts as follows. 

Table 6.3.1.5-5: Precoding matrix 
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 for two-layer transmission using four antenna ports with transform precoding disabled

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

	0 – 3
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	4 – 7
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Table 6.3.1.5.4-6: Precoding matrix 
[image: image29.wmf]W

 for three-layer transmission using four antenna ports with transform precoding disabled.

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

	0 – 3
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4 Conclusions
In this contribution, we analyzed the full power scheme for NR Rel-16 power control and provide proposal as follows.
Proposal-1: In Rel-16, for a PUSCH transmission on active UL BWP 
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 of carrier 
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 of serving cell 
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, a UE splits a linear value 
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 equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 

· Note: the above applies to both codebook based transmission and non-codebook based transmission.

Proposal-2: The coefficients of precoding matrix should be modified to reflect power split among the number of all the non-zero elements in the precoding matrix in Rel-16. 
· The coefficients of precoding matrix should be modified to be 1/sqrt(M) in Rel-16, where M is the number of rows with at least one non-zero element.
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