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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. 
It has been proposed to solve these issues via antenna virtualization but in [2] we make the following observations: 
Observations:
· Antenna virtualization can be used to combine power from multiple PAs when Tx chains are non-coherent, as well as when they are coherent.
· Not all UE antenna implementations support non-coherent antenna virtualization
Approaches using virtualization and higher power PAs
At RAN1#94bis the following agreement was reached: 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)


The options identified in RAN1#94bis and their merits may be briefly summarized as:
Option 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
Instead of transmitting with the non-coherent or partial coherent subsets of the codebook that allow selection of antennas via zero power elements in PMIs, a UE could transmit with the codewords that use the full codebook, including those that have all non-zero power elements in PMIs.  This is equivalent to the antenna virtualization described above, but uses the codebook framework rather than a transparent virtualization.  The drawbacks of such an approach is that virtualization is not always possible in UEs, and of course is only applicable to codebook based operation.
Option 1-2: Introduce additional scaling factor for uplink codebook
If certain Tx chains support higher power, the codebook could be altered such that scale factors on the corresponding on the antenna ports are proportional to the power of the Tx chains.  This would allow higher power transmission than when the scaling is equal, since the PA headroom could be reported relative to the available power on each Tx chain rather than the Tx chain with the lowest available power.   Such an approach requires the UE to map antenna ports to Tx chains according to the relative Tx power in the codebook, as well as requiring specific values of PA power.  Different numbers of PAs may be at full power as well.  Therefore, this approach seems that it may be difficult to specify and/or as restrictive on UE implementation.  It also only allows full power for codebook based operation. 
Option 2: UE transparently applies a small cyclic or linear delay
If non-full power PAs are used CDD may be used for enabling full power PUSCH transmission. For instance, to obtain a full power rank 1 transmission from a 4tx non-coherent UE the virtualization [1 1 1 1] may be applied to the antenna ports of the UE in combination with CDD. If the same is done for SRS one could hence measure and obtain the relevant CSI at the gNB side. However, to also enable higher rank transmission this approach is not feasible; the virtualization [1 1 1 1] will not provide CSI enabling higher rank transmission. Considering rank 4 transmission the UE could instead use the identity matrix as virtualisation for the SRS which would provide CSI to the gNB that could be used for a rank 4 transmission and this transmission could in turn be carried out with full power since each PA could transmit one layer. 
In general, each SRS resource could be virtualized transparently to deliver full power for a given rank by utilizing CDD. As rank increases, fewer PAs are virtualized, such that a 4 TX UE with rank 1, 2, or 4 could virtualize using 4, 2, or 1 Tx chains per port.  In rank 3 operation, one port could optionally be virtualized over 2 Tx chains to provide higher power than the other two ports according to UE implementation.  Frequency selective virtualization could also be a UE implementation option, in which case the power on the ports could be made equal.  In any case it may be observed that SRS virtualization must vary with rank in order for gNB to have proper channel estimates from the SRS.  This is not possible with one SRS resource set.
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
In this case, the power control mechanism is set such that Pcmax may be delivered for any rank transmission. It will be up to UE implementation how to achieve this but some potential structures are consided in [2]. It should be noted that although it in some cases will imply that full power PAs are required this is not true in general and we will therefore refer to this approach as using “higher power PAs”.  
Option 4: Up to UE implementation (no specification impact)
Since Rel-15 UEs are not required to deliver full power according to the agreement in RAN1#94bis and since a work item has anyway been defined for UL full power MIMO, it is evident that there is specification impact .  For example, a UE capability of full power must be defined, and the power scaling mechanism from Rel-15 will need to be updated to support full power.
Observations:
· Virtualizing through a codebook does not support non-codebook based operation.
· Transparent virtualization can support both codebook and non-codebook based operation
· Changing the relative scale factor of antenna ports in a codebook may be difficult to specify and restrictive on UE implementation
· The effective channel of an SRS port varies with the number of virtualized antennas, and therefore it should vary with the rank of the PUSCH
· However, this does not seem possible with a single SRS resource or SRS resource set
Potential solutions to enable full rank power transmission
For NR rel-16 we 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 not. 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.
We furthermore believe that enabling full power transmission for both the cases of higher power PAs or virtualization based solutions is beneficial. The solutions of using higher power PAs will in a straight forward way enable full power transmission. For UEs that do not have full power PAs, they will not be able to transmit Pcmax on a given antenna port unless they are allowed to virtualize multiple Tx chains to form the port.  As discussed above in connection to Option 2, this virtualization of the SRS ports will need to vary according to rank when relying on CDD to provide full power transmission.  Since the effective channel of these SRS ports also varies with rank, then a single SRS resource or resource set may be insufficient.  Consequently, the UE could transmit SRS resources or sets corresponding to each rank so that the channel estimation is accurate.  When this is done the same power scaling as for the higher power PAs approach can be utilized. 
Based on this we have 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
· UE implementations using either higher power PAs or virtualization are supported
We furthermore also provide a text proposal for capturing these proposals in [2]. 
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
· UE implementations using either higher power PAs or virtualization are supported
· 
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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