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Introduction
The introduction of coherence capabilities and non-codebook based precoding make PUSCH power scaling for NR more complicated than for LTE.  Since UE architectures are quite sensitive to PUSCH power scaling requirements, it is necessary that PUSCH power scaling be clearly specified as well as work for the new varieties of UL MIMO in NR.  However, since the current power scaling in specified in NR is essentially using the text that is used by LTE, there is ambiguity in how the scaling works and to what extent different UE power amplifier implementations are supported.  In this contribution, which is a resubmission of [1], we propose a correction to the current specifications that supports the UE power amplifier configurations with reduced power on some Tx chains that are anticipated for NR in Rel-15.  Full power UE implementations can then be supported by a feature included in the Rel-16, see our contribution [2].  A text proposal is also provided for the Rel-15 correction.
Impact of UE structure on PUSCH power scaling 
In Figure 1 we have illustrated two potential structures for a 4Tx UE. In Figure 1(a) we have illustrated a UE with the capability to transmit Pcmax per antenna port and in Figure 1(b) we have illustrated an alternative building practice where only one antenna port is able to transmit with Pcmax; the other ports transmit with Pcmax/4. We will refer to these structures as “full power UE” and “non full power UE” in the following analysis since the second UE structure only can transmit full power Pcmax for certain precoders. Consider for instance the precoder [0 1 0 0]; such a precoder could not transmit Pcmax with the non-full power UE whereas a full power UE could transmit this precoder with full power Pcmax. 
Observation: 
· The underlying assumption on a UE’s antenna port capabilities, in terms of maximal transmitted power per antenna port, will have an impact on the PUSCH power scaling in the UL power control.  
[image: ]
(a)                                    (b)                                           
[bookmark: _Ref515880457][bookmark: _Ref515880452]Figure 1. (a) Full power UE and (b) non full power UE. 
Correcting Rel-15 PUSCH power scaling
For PUSCH power scaling the following is specified in TS 38.213 section 7.1:




For PUSCH, a UE first scales a linear value  of the transmit power  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. 


Given that the UE is configured for a single transmission scheme on PUSCH in Rel-15, 'the number of configured antenna ports for the transmission scheme’ can be interpreted as:
1. The number of ports in one SRS resource configured to the UE for codebook or non-codebook based operation.
This is sensible for fully coherent codebook based operation: a UE only simultaneously transmits on a number of antenna ports that is at most equal to the number of ports in an SRS resource.  However, it does not work for non-codebook based operation, since multilayer transmission means the UE will transmit on more ports than the one it has in an SRS resource.
2. The number of ports in all SRS resources configured to the UE for codebook or non-codebook based operation.
This is sensible non-codebook based operation, since the maximum number of layers the UE can transit is the maximum number of ports in all resources used for non-codebook based transmission.  However, it does not work for codebook based operation when more than 1 SRS resource is configured, since the UE only transmits on at most a number of antenna ports that is equal to the number of ports in an SRS resource.
3. The maximum rank that the UE is configured for through maxRank and using non-coherent TPMIs. 
The UE will transmit on at most that maxRank ports in this case, and so that could be considered the number of configured antenna ports. This would conflict with the other two options above, but it is a valid alternative interpretation of the specification as currently written.
Observation:
· The current Rel-15 PUSCH power scaling text is ambiguous.
As has been discussed in detail in prior contributions [3], taking the interpretation of the ‘number of configured antenna ports’ in the current text as the number of total Tx chains that the UE can simultaneously transmit on (essentially the LTE Rel-8 approach) results in excessive power backoff for some UE ‘full power’ implementations but not ‘non-full power’ implementations.  However, it is clear from discussions in the last few meetings on PUSCH power scaling that UE vendors need support for non-full power implementations.  Unfortunately, it is late in Rel-15 to introduce a separate UE capability and corresponding power control with respect to full power multiple PA transmission using non- or partially coherent codebook based and/or non-codebook based operation.  However, such a capability can be supported in the Rel-16 NR MIMO work item [4], as also discussed in [2], which will specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers.
Observations:
· It is late in Rel-15 to introduce a separate UE capability and corresponding power control with respect to full power multiple PA transmission
· Such a capability can be supported in the Rel-16 NR MIMO work item, which will specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers.
Proposals:
· 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.
The proposal above could be implemented in 38.213 section 7.1 with:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>









For PUSCH configured with one antenna port, a UE transmits with power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1. For PUSCH configured with more than one antenna port, a UE first scales a linear value  of the transmit power  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 maximum number of PUSCH layers supported by the UE 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. 
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>
Note that scaling by the maximum number of PUSCH layers allows non-codebook based UEs transmitting on a single antenna port to do so with reduced power, supporting non-full power UE implementations.  This use of the maximum number of layers is needed, since there is no notion of a codebook, and so no tie to the number of Tx chains in non-codebook based precoding.  Similarly, a non-full power UEs having non- or partially-coherent UE capabilities can transmit at reduced power if a single antenna (or a subset of antennas) is selected in TPMI.  
Conclusion
In this contribution, we have considered the Rel-15 specification of PUSCH power scaling and how it might be corrected while supporting the UE power amplifier implementations envisaged for Rel-15. We made the following observations:
Observations: 
· The current Rel-15 PUSCH power scaling text is ambiguous.
· It is late in Rel-15 to introduce a separate UE capability and corresponding power control with respect to full power multiple PA transmission
· Such a capability can be supported in the Rel-16 NR MIMO work item, which will specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers.
We therefore propose:
Proposal:
· 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.
· Adopt the text proposal provided in this contribution. 
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