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Introduction
[bookmark: _Hlk525762005]In NR rel-15 non-codebook-based UL MIMO as well as the notion of different UE transmission coherence capabilities were introduced in NR. However, these schemes were specified in such a way that for non-codebook based UL MIMO as well as codebook based UL MIMO, for some coherence capabilities, full power transmission is only possible when transmitting with full rank. This is an undesired property since one would rather like to enable full power transmission regardless of rank, and then split this power over the transmitted layers. For SRS there exist a similar issue, depending on the type of SRS that is being transmitted, which prevents transmitting the SRS with full power in some cases. 
For NR rel-16 RAN1 will specify full power transmission for the UL [1] as stated in the WID where it says that 
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
In our view this implies that both PUSCH and SRS are enhanced to support full power UL transmission since it would be counter intuitive to enhance one of the cases but not the other. We will therefore in this contribution provide our view on this topic for both PUSCH as well as SRS.   
Full TX Power UL transmission for PUSCH
In our companion paper [2] we provide a detailed analysis on why full power UL transmission is currently not supported for PUSCH in NR rel-15. Based on this analysis we make the following observations: 
 Observations: 
· For codebook-based transmission with a coherent UE full power transmission is possible regardless of rank
· By decreasing the rank, it is hence possible to increase the power per layer which makes it possible to use rank adaptation as a tool to increase coverage and throughput. 
· For codebook-based transmission with a partial-coherent or non-coherent UE full power transmission is only possible when using higher rank.
· The power per layer will in general not increase when the rank is reduced, degrading coverage of lower rank transmission. 
· For non-codebook-based transmission full power transmission is only possible when using higher rank.
· The power per layer will not increase when the rank is reduced, degrading coverage of lower rank transmission.
These observations implies that for codebook-based transmission with a coherent UE full power UL transmission is possible for all ranks. However, for codebook-based transmission with a non-coherent or partial-coherent UE as well as non-codebook based transmission full power transmission is not possible for all ranks. In fact, in many cases the power per layer is instead constant and the only way to transmit full power is hence to transmit using full rank. This is however an unwanted property since it will decrease the potential of rank adaptation as well as decreasing the coverage. 
For NR rel-16 we therefore propose 
Proposal:
· Introduce a UE capability allowing a rel-16 UE to signal full power UL transmission capability
Hence, one could introduce a UE capability stating whether a UE is able to transit full UL power or nor. If it is not able to do so it will operate in the same way as a rel-15 UE, and consequently also have the same shortcomings in terms of UL power. On the other hand, if the UE has full power capability we make the following proposal:  
Proposal:
· 
For UEs with full power transmission capability UL power control for PUSCH should be modified such that UEs can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power. 
· This is done for both non-codebook and codebook-based transmission
We furthermore also provide a text proposal for capturing these proposals. 
Simulations
We have simulated a 4TX UE utilizing non-codebook-based transmission for the UMi scenario. We have furthermore considered both a rel-15 UE as well as the proposed rel-16 UE according to the proposal in [2]. In Table 1 we present simulation results and in Figures 1-2 we present the rank statistics from these two UEs. As seen from Table 1 we obtain a substantial performance improvement by the proposed modification for rel-16. This improvement is also explained by Figures 1-2 where we notice that the rel-15 UE tends to utilize full rank transmission since this will maximize the transmitted power. However, allowing for the UE to transmit full power regardless of rank will make it more beneficial for the UEs to also use lower rank transmissions. As can be seen the behaviours of the rel-15 UE and the proposed rel-16 UE, as presented in figure 1 and 2, are very different. Detailed simulation assumptions are available in Appendix.   
Observation:
· Substation performance gains are obtained for the proposed Rel-16 UE.  
Table 1. Simulations of a 4TX UE utilizing non-codebook based transmission for the UMi scenario
	
	Mean user throughput (bits/Hz/user)

	Mean user throughput gain
	Cell edge throughput
(bits/Hz/user)
	Cell edge throughput gain 
(%)

	Rel-15 UE
	1.40
	0%
	0.10
	0%

	Proposed Rel-16 UE
	1.82
	+30%
	0.14
	+40%
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Figure 1. Histogram of transmission rank for a 4TX rel-15 UE.
[image: ]
Figure 2. Histogram of transmission rank for a 4TX UE given the rel-16 proposal.
Full TX Power UL transmission for SRS
In our companion paper [3] we provide a detailed analysis on full TX power UL transmission for SRS. Based on this analysis we make the following observations: 
Observations: 
·  For codebook use of SRS: 
· 
A full power UE will be able to transmit up to  per OFDM symbol in transmission period i from the transmitted SRS resource set qs.
· The number of SRS ports and SRS resources transmitted per OFDM symbol for an SRS resource set may vary over the OFDM symbols corresponding to the SRS resource set.  
· An SRS port transmitted over multiple OFDM symbols, within a slot, should keep a constant power over these symbols.  
· For non-codebook use of SRS: 
· 
A full power UE will be able to transmit up to  per OFDM symbol in transmission period i from the transmitted SRS resource set qs.
· For beam management use of SRS: 
· 
A full power UE will be able to transmit up to  per OFDM symbol in transmission period i from the transmitted SRS resource set qs.
· For DL CSI acquisition use of SRS: 
· 
A full power UE will be able to transmit up to  per OFDM symbol in transmission period i from the transmitted SRS resource set qs. 

Based on the above we notice that for all existing use cases for SRS it is observed that “A full power UE will be able to transmit up to  per OFDM symbol in transmission period i from the transmitted SRS resource set qs”. In addition to this it was noticed that in some cases the number of SRS ports and SRS resources transmitted per OFDM symbol for an SRS resource set may vary over the OFDM symbols corresponding to the SRS resource set. Therefore, to avoid that the power of the SRS ports varies within the SRS resource set we propose to transmit all SRS ports with the same power: 
Proposal: 
· 
For UEs with full power transmission capability the antenna ports from SRS resource set , transmitted in transmission period i, are transmitted with the power i,  per antenna port. 
Furthermore, the scaling factor i, needs to depend on the most loaded OFDM symbol corresponding to the SRS resource set since the number of SRS ports transmitted per OFDM symbol is not necessarily constant. Therefore, we propose 
Proposal: 
· i, is the maximum number of antenna ports transmitted in one of the OFDM symbols corresponding to SRS resource set  in transmission period i
Hence, all the antenna ports are scaled with the same scaling factor i, and this scaling factor is based on the heaviest loaded OFDM symbol corresponding the SRS resource set. 
We furthermore also provide a text proposal for capturing these proposals. 
Conclusions
In this contribution we propose the following: 
Proposal:
· Introduce a UE capability allowing a rel-16 UE to signal full power UL transmission capability
· 
[bookmark: _Hlk525856151]For UEs with full power transmission capability UL power control for PUSCH should be modified such that UEs can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power. 
· This is done for both non-codebook and codebook-based transmission
· 
For UEs with full power transmission capability the antenna ports from SRS resource set , transmitted in transmission period i, are transmitted with the power i,  per antenna port. 
· i, is the maximum number of antenna ports transmitted in one of the OFDM symbols corresponding to SRS resource set  in transmission period i
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Appendix
0. Simulation parameters
	[bookmark: _Hlk525903763]Simulation parameters

	Carrier frequency
	3.5 GHz 

	Bandwidth
	100 MHz 

	Scenarios
	3D UMi 200m ISD

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8,2,2,1,1), (0.8, 0.5)λ (V,H)-element spacing and 32 ports (hence no subarray virtualization)


	UE antenna configuration
	(M, N, P, Mg, Ng) = (1,2,2,1,1), (0.8, 0.5)λ (V,H)-element

	Cell layout
	21 sectors in total

	Wrapping
	Radio distance based

	UE Tx power 
	Pcmax = 23dBm

	Traffic model
	Full buffer traffic

	UE speed 
	3 km/h

	Scheduling 
	Round robin

	HARQ
	Max 5 retransmissions

	Handover margin
	3 dB

	
	0.8

	Transmission scheme
	Non-codebook-based 
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