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Introduction
In RAN1#97, a working assumption was reached to support two modes of full power operation for two PA architectures where all or some PAs have less than full power (so-called ‘Capability 2’ and ‘Capability 3’, respectively.
Working Assumption
Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 
· [bookmark: _Hlk16804885]Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders
· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 
· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects
· The following cases are not precluded
· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]
· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports
Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD
Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability 

It was also earlier agreed in RAN1#96bis to support PA architectures where all PAs can transmit the UE’s rated power (so-called ‘Capability 1’ UEs) using a power scaling solution:
Agreement
Supported UE capabilities and supported scheme for UE capability 1
· Option 3
· FFS: Whether to additionally support Option 1-2
Therefore, the high level solutions are identified for all the UE PA architecture options, and the remaining issues are primarily:
· How the power scaling is to be specified for the schemes supporting the different UE ‘Capabilities’ 
· Details of mode 1 and 2 schemes
· Content of the new codebookSubset supported for mode 1
· Which TPMIs/TPMI groups support full power for mode 2
· Number of SRS resources to be supported in mode 2
· UE capabilities needed for the 3 UE architectures (corresponding to ‘Capabilities’ 1-3)
It was agreed in RAN1#98 that 
Agreement
For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission
Since for non-coherent codebook rank 1 only 1 bit is used in the DCI, to select between TPMI0 and TPMI1, adding also TPMI2 would lead to one extra bit needed in the DCI when the network constrains the maximum rank to 1, see table below. It is therefore a question whether to add TPMI2 to the already existing TPMI0 and TPMI1 or replace TPMI1 with TPMI2.  This contribution investigates this question and provides some system level results on the two options, and then makes recommendations accordingly.

Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled, or if transform precoder is disabled and maxRank = 1
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	
	

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	




[bookmark: _Hlk510732493]Simulations
In this section we will present results from full buffer system level simulations for UL codebook transmission. 
Simulation parameters
UE antenna setup
The antenna array topology of UEs is expected to be quite arbitrary with respect of antenna element radiation patterns, polarization properties, antenna element separations and pointing directions. For UE implementations, especially at higher frequencies, it is expected that the different antenna arrangements within a UE will experience channels with low or no correlation, for example due to radiation patterns pointing in different directions, large separation between the antenna arrangements or orthogonal polarizations.  Therefore, it is motivated to consider various UE configurations when investigating UL MIMO related enhancements. 
In what follows, performances are compared for two different UE antenna configurations with two TX chains, illustrated in the Figure 1. The left antenna configuration is referred to as “2TX Omni UE” and consists of one dual polarized omni-directional antenna element. The right antenna configuration is referred to as “2TX Directional UE” and consists of two directional antenna elements pointing in opposite directions (away from each other). The antenna element beamwidth is 90° vertical x 90° degrees horizontal and each antenna element has a radiation pattern gain of 7 dBi.
[image: ]
[bookmark: _Ref4791305]Figure 1: Two different UE antenna configurations: 
Simulation setup 
We list the used simulation parameters in appendix. We would from this set of simulations parameters like to emphasize that: 
· We use the full buffer traffic model. 
· We have fixed rank 1 
· Ideal channel estimation from DMRS is considered. This may lead to optimistic performance results for the CDD approach, since channel estimation performance can degrade in the presence of (in this case artificially induced) delay spread.  
· We simulate with one BS antenna configuration with 4 RX.
Simulation results
We will here simulate three different UE cases for codebook-based UL transmission for a 2Tx UE with power class 3 (max 23 dBm) with two 20 dBm PAs, however the same techniques apply to any power class.
1. Rel-15, non-coherent UE: This is the current specification of a non-coherent UE using the rel-15 codebook intended for a non-coherent UE. The UE can select between TPMI0 and TPMI1 in the Rel-15 codebook for rank 1 transmission for a two-port UE.
2. Rel-16, non-coherent UE, Mode 1, TPMI{0,2}: In this case the UE is operating in Mode 1 for Rel-16 and where TPMI1 has been substituted for TPMI2 from the Rel-15 codebook for rank 1 transmission for a two-port UE. In this way the UE can transmit with full power for rank 1 using TPMI2 without the need of adding an extra bit in the DCI signaling the TPMI. When TPMI2 is used, the it assumed that the UE applies CDD over the two antenna ports. 
3. Rel-16, non-coherent UE, Mode 1, TPMI{0,1,2}: In this case the UE is operating in Mode 1 for Rel-16 and where TPMI2 has been added to the existing TPMI0 an TPMI1 from the Rel-15 codebook for rank 1 transmission for a two-port UE. In this way the UE can transmit with full power for rank 1 using TPMI2, however there is an of adding an extra bit in the DCI signaling the TPMI. When TPMI2 is used, the it assumed that the UE applies CDD over the two antenna ports.

In the figures below, we present system level simulations in a UMa scenario for the three considered UE configurations, where performance is plotted relative a rel-15 non-coherent UE. The first two Figures are simulated with alpha=0.8 in the UL power control loop, and the last two figures are simulated with alpha=1. 

[image: ]
Figure 2. Full buffer traffic simulations of a 2TX Omni UE utilizing codebook-based transmission for the UMa scenario. 4 RX BS. Fixed rank 1. Alpha=0.8.

[image: ]
Figure 3. Full buffer traffic simulations of a 2TX Directional UE utilizing codebook-based transmission for the UMa scenario. 4 RX BS. Fixed rank 1. Alpha=0.8.
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Figure 4. Full buffer traffic simulations of a 2TX Omni UE utilizing codebook-based transmission for the UMa scenario. 4 RX BS. Fixed rank 1. Alpha=1.

[image: ]
Figure 5. Full buffer traffic simulations of a 2TX Directional UE utilizing codebook-based transmission for the UMa scenario. 4 RX BS. Fixed rank 1. Alpha=1.

From these results we notice that using TPMI {0,2} or TPMI {0,1,2} for omni-directional antennas at the UE gives the same performance gain compared to Rel-15. The reason that the gain is the same is due to that the scheduler used in the simulations are greedy (optimizing performance for each UE individually) leading to that TPMI2 is selected in 100% of the cases both when TPMI{0,2} or TPMI {0,1,2} is used (since TPMI2 use double the output power compared to TPMI0 or TPMI1, and since both UE antennas have similar path gain, the received power will be approximately doubled for TPMI2 compared to TPMI0 or TPMI1). Figure 6 illustrates the TPMI selection for an omni-directional UE (left) and a directional UE (right) for the “Rel-16, non-coherent UE, Mode 1, TPMI{0,1,2}” case. As can be seen, for omni-directional antennas at the UE, TPMI2 is selected in all cases, and for directional antennas, TPMI2 is selected for approximately 95% of the cases.

[image: ]
Figure 6. Full buffer traffic simulations of a 2TX Omni-directional (left) and Directional (right) UE utilizing codebook-based transmission for the UMa scenario. 4 RX BS. Fixed rank 1. Alpha=1.

Due to the greedy power/throughput selection for TPMI in our simulations, however, when we have directional antennas at the UE, selecting TPMI2 leads to reduced system performance compared to Rel-15 non-coherent codebook based transmission. However, as can be seen in Figure 3 and Figure 5, the performance reduction is smaller for the case where TPMI{0,1,2} is used compared to only using TPMI{0,2}. Also, in case a more intelligent scheduler (also taking inter-cell interference in to account) was used by the TRP, the losses that is seen in Figure 2, can likely be removed, or even turned in to small gains in case TPMI{0,1,2} is used (with a smart scheduler TPMI{0,1,2} will perform better than TPMI{0,2} since it is more flexible). And since the cost of using TPMI{0,1,2} compared to TPMI{0,2} is only at most one extra bit in overhead for the DCI, it is preferred to use TPMI{0,1,2}.  

[bookmark: _Hlk16678765]Observation 1:
· Using TPMI {0,1,2} gives similar performance to using TPMI {0,2} for omni directional antennas at the UE, but slightly better performance for directional antennas at the UE.
· If enhanced TPMI selection methods are used, it is anticipated that the gains of TPMI{0,1,2} over TPMI{0,2} would increase.
Proposal 1:
· Use TPMI{0,1,2} for Mode 1 Rel-16 non-coherent UEs with two ports using rank 1.


Conclusion
In this contribution, we considered TPMI selection for Mode 1 two port UEs with rank 1.

Observation 1:
· Using TPMI {0,1,2} gives similar performance to using TPMI {0,2} for omni directional antennas at the UE, but slightly better performance for directional antennas at the UE.
· If enhanced TPMI selection methods are used, it is anticipated that the gains of TPMI{0,1,2} over TPMI{0,2} would increase.
Proposal 1:
· Use TPMI{0,1,2} for Mode 1 Rel-16 non-coherent UEs with two ports using rank 1.

Appendix: Simulation parameters
	Simulation parameters

	Carrier frequency
	3.5 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 500m ISD

	BS antenna configuration 1
	(M, N, P, Mg, Ng) = (4,4,2,1,1), (0.8, 0.5)λ (V,H)-element spacing and 32 ports (hence no subarray virtualization)


	BS antenna configuration 2
	(M, N, P, Mg, Ng) = (1,2,2,1,1), (0, 0.5)λ (V,H)-element spacing and 4 ports (hence no subarray virtualization).
Each element is a column antenna with vertical beamwidth=10 deg, horizontal beamwidth=70 deg and an electrical downtilt of 10 degrees.


	UE antenna configuration
	Omni: (M,N,P)= (1,1,2)  omni-directional antenna elements. 
Directional: Placement according to Figure 1 where each antenna element is directional with HPBW=90° and directivity 7 dBi 

	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 or 1.0

	Transmission scheme
	Codebook based

	Rank adaptation
	Rank 1. 

	Channel estimation from SRS and DMRS
	Ideal

	UE coherence model
	The output signal from UE antenna port i is multiplied with  where =0 for a coherent UE and for a non-coherent UE  is drawn from a uniform distribution between -1 and 1. 
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