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1	Introduction
Rel-16 NR MIMO enhancement WID [1] aims to specify identified enhancements on various areas, including RAN1 topics:
· Enhancements on MU-MIMO support;
· Enhancements on multi-TRP/panel transmission;
· Enhancements on multi-beam operation;
· Perform study and make conclusion on CSI-RS and DMRS enhancements;
· Enhancement to allow full uplink power transmission.
This contribution discusses the related issue on the full Tx power uplink transmission issue and provides our view on the specification impact.

2	Full power transmission for uplink transmission
The scope of the WID [1] on full power transmission for uplink transmission is listed here:

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




2.1	Background
This issue is actively discussed in RAN1 during the Rel-15 specification process. The general background is related to the uplink codebook design, where partial coherent precoders and non-coherent precoders are included together with the full coherent precoders. For example, the rank-1 4Tx precoding matrices from 38.211 is shown in the table. The non-coherent precoding matrices have TPMI index 0-3, the partial-coherent precoding matrices has TPMI index 4-11, and the remaining precoding matrices with TPMI index 12-27 are full coherent precoders. Another distinguished property of these precoding matrices is the scaling factor, which is normalized based on total number of Tx ports, regardless whether the Tx ports are muted or not. In this 4Tx example, the scaling factor, as shown in the table is ½, which will yield total transmission power of one when a full coherent precoding matrix is applied.


Table 6.3.1.5-3: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding disabled.
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It is obvious to note that when a UE is switching from a full coherent precoding matrix to a partial coherent or a non-coherent precoding matrix, the full transmitting power, solely based on the precoding matrix, will be reduced. In the 4Tx example shown in the table, the partial coherent precoding matrices have 3dB less power than that of full coherent precoding matrices, and the non-coherent precoding matrices have 6dB less power. The power reduction is not desirable.
Rel-15 NR tried to fix this issue in the UE power control section of the specification (Section 7.1 of 38.213):
	


For PUSCH, a UE first scales a linear value [image: ] of the transmit power [image: ] on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted.



The scaling factor related to the partial/non-coherent codebooks is treated here in uplink power control as “the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme.” The intention is to ensure that the full transmission power won’t be affected when certain transmission antenna ports are muted due to partial/non-coherent precoders. However, the “configured antenna ports for the transmission scheme”, in the context of the uplink transmission, might still cause ambiguity.

There were discussions in RAN1 related to the UE capability with multiple RF PA chains/antenna ports. RAN4 has specified UE maximum transmission power is 23dBm, similar to that of LTE. However, at least to some UE implementation, full 23dBm power transmission won’t be possible when partial/non-coherent precoding matrices are applied. This certainly limits usability of partial/non-coherent precoders and will degrade overall uplink performance. 

2.2	Specification impact
Power control section
Further clarification on the “configured” antenna ports is needed in the uplink power control to address this issue. This shall be addressed for both Rel-15 and Rel-16 specification.
Observation 1: Clarification on the uplink power control on the number of “configured” antenna ports is needed to address this issue.

Scaling factor of uplink codebook
An alternative approach is to revisit the scaling factor of uplink codebooks. One approach is to normalize the total Tx power to one, regardless of coherent or non-coherent precoders. This should be addressed to both Rel-15 and Rel-16 specification, though. With this modification, there is no need to address this issue under the uplink power control section.
Observation 2: Alternative to resolve this issue is to change the normalization of the scaling factor of all uplink codebook. 

RAN4 impact
The other issue is related to UE vendor’s implementation. UE maximum transmission power (23dBm) is specified as the full transmission power, regardless of various uplink precoders. If some UE’s implementation needs an exception for partial/non-coherent precoders, this issue should be addressed in RAN4, where new UE power class might be specified. 
Observation 3: RAN4 impact may be considered to define new UE power class where the maximum Tx power (23dBm) won’t be reached when non-coherent and partial-coherent precoding matrices are used.

3	Conclusions
The full uplink Tx power issue with non/partial coherent precoders is discussed in the contribution. The specification related solutions are also discussed with these observations:
Observation 1: Clarification on the uplink power control on the number of “configured” antenna ports is needed to address this issue.
Observation 2: Alternative to resolve this issue is to change the normalization of the scaling factor of all uplink codebook. 
Observation 3: RAN4 impact may be considered to define new UE power class where the maximum Tx power (23dBm) won’t be reached when non-coherent and partial-coherent precoding matrices are used.
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