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1 Introduction

For Rel-16, the solutions on further full power enhancement have been discussed. In recent RAN1 meetings [1]~[5] the following agreements were 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 with UE capability signalling of full power transmission in UL 
Option 5: For the precoders with 0 entries, the linear value 
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  of a PUSCH transmission power is scaled by a ratio (Rel-16.  The value of (Rel-16 is selected up to UE implementation within the range of [(Rel-15, 1],  where (Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  

· UE is required to maintain consistent (Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH
Agreement

Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs

· This specification support is a UE optional feature

· FFS: Whether this applies for the entire codebook or subset of codebook

For guidance in future RAN1 discussions:

Understanding of antenna virtualization for ease of discussion (not for specification):

· A UE forms an antenna port by transmitting on one or more TX chains (each with a power amplifier)
Agreement

Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:

· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 

· FFS: detailed power scaling description 

· Note: Full Tx power means UE delivers total power of 23dBm for PC3

· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 

· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability

FFS: Whether all three capabilities will be specified or a subset will be specified

FFS: UE capability signalling/reporting details

Note: Two or more of the above capabilities could be merged depending on the further details

Send LS to RAN4 to provide their view on PC 2 applicability of the new UE capability (Rakesh, vivo).

Agreement

Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.

At least for PC3, UE capability 1, 3 can support full power transmission.

Working assumption: For PC3, UE capability 2 can support full power transmission.

· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)

Agreement

Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled the following is included:

Alt1: UE capability signaling of supported one or group of TPMI precoder(s)

Alt3: UE capability signaling of power scaling schemes for full uplink power transmission

· Note: This does not imply any restriction on UE antenna virtualization

· FFS: Whether full uplink power transmission needs to be supported for all precoders

Agreement

For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports

· The above applies for the cases including when UE transmitting at P_c_max

Agreement

Supported UE capabilities and supported scheme for UE capability 1

· Option 3

· FFS: Whether to additionally support Option 1-2

Agreement

Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability

· FFS: For UE capability 1, if any other information is necessary

· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed

· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced

· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission

UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1

The signalling of above information does not imply any specific UE PA architecture implementation.

Agreement

RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).

· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)

· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)

· FFS: Whether to additionally support Option 1-2

· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)

· Alt5: FDM multi-port simultaneous transmission


We discuss full power enhancement for codebook based PUSCH transmission in this contribution.

2 Progress on Full TX Power for UL transmission for Rel-15
It was agreed as follows [6] that for codebook based PUSCH transmission scheduled by DCI format 0_1, if the number of ports of SRS resource is equal to 1, there is no power scaling factor and consequently full power transmission should be supported regardless of UL capability of coherent transmission. In other words, the power scaling factor only applies to the case that the codebook based PUSCH transmission is scheduled by DCI format 0_1 when the number of ports of its associated SRS resource is larger than 1.

	7.1
Physical uplink shared channel

For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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, a UE first calculates a linear value 
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, with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook' and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 


Observation 1: In Rel-15, full Tx power transmission has already been supported for codebook based transmission when SRS resource(s) with single port are configured.

3 Discussion on Full TX Power for UL transmission for Rel-16
3 types of UE capabilities to support full power transmission in UL transmission have been identified for convenience of discussion in Rel-16. 

· UE capability 1: Full rated PAs on each Tx chain is supported with a new UE capability 

· UE capability 2: No Tx chain is assumed to deliver full power with the new UE capability 

· UE capability 3: Subset of Tx chains with full rated PAs is supported with a new UE capability

The UE capability 1 and 3 have been agreed to be supported for full power transmission in Rel-16, but only working assumption for UE capability 2 is reached due to some companies’ concerns on the actual performance gains. In RAN1#96bis, the full power transmission mechanism for UE capability 1 was agreed, i.e., based on option 3, and the mechanisms for UE capability 2&3 are still FFS. Taking into account that UE capability 2 is still working assumption and failed to be confirmed in RAN1#96, the solution for UE capability 3 should be prioritized to be handled in the following discussion.

Observation 2: Taking into account that there is still no consensus to support UE capability 2 for full power transmission in the existing agreement(s), the mechanism for UE capability 3 should be prioritized to be handled over UE capability 2.

3.1 Full Tx power mechanism for UE capability 3

In this section, we discuss full tx power mechanism for UE capability 3 as it has fewer alternatives and it can be easier to converge.  The following candidates has been identified as candidates for full power transmission for UE capability 3.

· Alt1: Option1-1 
· Alt2: Option3
The capability 3 UE already has the full power PA, and the benefits of the option 1-1 for this case is not clear when considering moderate gain or even negative gain through introducing S-CDD from the perspective of system performance [9]. Straightforwardly, “Alt2: Option 3” should be supported in such case.
Proposal 1: For UE capability 3, Option-3 should be supported for full power transmission
3.2 Full Tx power mechanism for UE capability 2

For UE capability 2, there are more candidates to be considered. The following candidates has been identified as candidates for full power transmission for UE capability 2.
· Alt1: Option1-1 
· Alt3-1: Option3+Option2 
· Alt3-2: Option3+Option2+ Option1-1
· Alt5: FDM multi-port simultaneous transmission

Regarding Alt1, According to RAN4 spec [7][8], only specifications for coherent capability are defined. The phase differences among non-coherent ports are not stable. It cannot even be assumed as slowly changing,i.e. the phase differences can be actually random values. Adopting more non-zero power antenna ports than UE capability is helpful for reaching full power as option 1-1. However, the interference among non-coherent ports is random, so the gain may be positive or negative. 
· Therefore, from gNB’s perspective, the relative phase of SRS port and PUSCH port is not guaranteed/constant in the non-coherent UE. Consequently, if introducing all candidate TPMIs used for higher coherent UE capability, gNB can hardly determine which MCS/TPMI/RI should be used for the subsequent PUSCH transmission. Alternatively, by adding small delay CDD (S-CDD), some link level simulation results showed that it can bring positive gains statistically [10][11]. But system link level simulation results [9] concluded that it can only bring moderate gain or even negative gain in perspective of system performance. 
Consequently, no clear benefits or complete mechanism for Alt1 can be observed, and the Alt1 is NOT preferred. 

Regarding Alt3-1, the gNB can estimate the actual channel property through using the SRS which has been already virtualized, and consequently the MCS/TPMI/RI determination can be robust for the subsequent PUSCH transmission. But, the one controversial part is whether the multiple SRS resources with different number of antenna ports should be introduced. 
· Scheme 1
Reusing Rel-15 design, i.e., all the SRS resources in an SRS set have the same number of ports.
· UE transmits SRS resource with configured number of ports, gNB evaluates the channel for all ports, then indicates the information of rank and port selection to the UE. For non-coherent antenna ports, TPMI is used to indicate port selection, UE does not need to transmit strictly according to phase difference indicated by TPMI.

· Note that this scheme does not exclude virtualized port.

· Scheme 2
Supporting different SRS resource ports for multiple SRS resources in an SRS set
· At least one resource is configured with a virtualized port, which could reach full power as a default assumption. 

· For instance, for 2-Tx-port UE, two SRS resources are configured with single port and 2 ports, respectively. When the SRS resource with single port is indicated by SRI, PUSCH with RANK-1 only can be transmitted with full power; otherwise, when the SRS resource with 2 ports is indicated, PUSCH can support up to RANK-2 transmission but not full power transmission for RANK-1.
· Through SRI indication, gNB can dynamically enable full power transmission with low RANK, e.g., an SRS resource with a single port, rather than RRC reconfiguration. 
Compared with scheme 1, scheme 2 with larger overhead seems to be complex and not necessary. In scheme 2, resources with different number of ports are for different scenarios, e.g. cell-edged UEs are likely power limited UE which may need a virtualized port with full power, but central UE are more likely using higher rank and each layer with different port. A UE is most likely in a certain scenario, so there is no need to support all these cases in one SRS resource set. In other words, RRC reconfiguration for SRS port number is more efficient than dynamic selection through saving one bit in DCI. Therefore, further enhancement on introducing multiple SRS resources with different port in an SRS set is NOT supported.
Regarding Alt3-2, the solution is not clear even after the email clarification.
Regarding Alt5, the scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent) in order to reduce the interference among non-coherent antenna ports. 

· Specifically, each antenna port only transmits part of the scheduled RBs, as shown in Figure 1-3. In another word, the scheduled RBs are split into several RB set, e.g. 2 RB sets. Each RB set is only transmitted by one antenna port. 
· In this case, the maximum power could be up to 23dBm with no interference among non-coherent antenna ports. Furthermore the power per RE of this FDM approach is higher than that in the port selection and S-CDD schemes shown in Figure 1-1 and 1-2, which means a larger coverage, because of the smaller bandwidth per antenna port.
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Figure 1-1
Port selection



 Figure 1-2
Option 1-1

Figure 1-3
 FDM multi-port

Note that, regarding the SRS configuration, Scheme 1-‘reusing Rel-15 design, i.e., all the SRS resources in an SRS set have the same number of ports’ is enough to support FDM multi-port simultaneous transmission. gNB needs to indicate UE to use such scheme of “FDM multi-port simultaneous transmission” when necessary and UE then allocates different portions of transmission on different RE on different ports respectively.

Proposal 2: For UE capability 2, the following options are down-selected for full power transmission
· Alt3-1: Option3+Option2
· Note that further enhancement on introducing multiple SRS resources with different port in an SRS set is NOT supported
· Alt5: FDM multi-port simultaneous transmission
· The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent) in order to reduce the interference among non-coherent antenna ports.
3.3 UE capability reporting
In section 2, three types of UE capability are discussed.  In our view, we should NOT explicitly specify these three types of UE capability in the spec. Specifically, whether or how the UE PA(s) can support full power is up to UE, and we should figure out a uniform framework (especially UE capability signaling) without explicitly disclosing the PA implementation of UE side, which is not only important for the subsequent 5G-NR product but also makes NR spec much more general and applicable for the future requirements, i.e., forward-compatibility. 
Proposal 3: In Rel-16, a unified framework without explicitly disclosing the PA implementation of UE side should be supported considering any combination of the following cases:
· UE capabilities 1, 2 and 3.
· Non-coherent, partial-coherent and full coherent UE.
· Virtualized and non-virtualized port(s) to support full power Tx.
Therefore, per-TPMI group based UE capability reporting should be supported rather than reporting the type of UE capability i.e. explicit report of capability 1,2 or 3 

· The power capability per TPMI (group), regardless of virtualized port or non-virtualized port, different capabilities could be reflected by power ratio per TPMI, regardless of UE capability 1~3.
· Per TPMI or TPMI group based UE capability reporting indicates the power capability for each TPMI. 

· For instance, Table 1~2 provide the examples of the values of full power ratio report per TPMI or TPMI group.

· Note that the UE capability information in the tables is only for reference, UE actually reports the maximum Tx power ratio per TPMI (group).

Table 1   Ratio of full power transmission for the RANK=1 where the number of configured ports is equal to 2.
	Ratio of full power 
	TPMI: 

[1, 0]T
	TPMI: 

[0,1]T
	TPMI group: 

[1, 1]T 

[1, -1]T 

[1, j]T 

[1, -j]T 

	UE capability 1
	1
	1
	-

	UE capability 2
	1/2
	1/2
	1 (for option 1-1)

- (for option 3)

	UE capability 3
	1
	1/2
	-




Note that “-” means “the corresponding configuration is not supported/considered”
Table 2   Ratio of full power transmission for RANK=1 where the number of configured ports is equal to 4
	Ratio of Full power
	TPMI: 

[1, 0, 0, 0]T
	TPMI: 

[0,1, 0, 0]T
	TPMI: 

[0, 0, 1, 0]T
	TPMI: 

[0, 0, 0, 1]T

	UE capability 1
	1
	1
	1
	1

	UE capability 2
	1/4
	1/4
	1/4
	1/4

	UE capability 3
	1
	1/2
	1/4
	1/4

	Ratio of Full power
	TPMI group: 

[1, 0, 1, 0]T

[1, 0, -1, 0]T

[1, 0, j, 0]T

[1, 0, -j, 0]T
	TPMI group: 

[0,1, 0, 1]T

[0,1, 0, -1]T

[0,1, 0, j]T

[0,1, 0, -j]T
	TPMI group:

[1,1, 1, 1]T 

And all other 4 NZP- port TPMI(s)
	

	UE capability 1
	1
	1
	-
	

	UE capability 2
	1/2 (for option 1-1)

1 (for option 3)
	1/2 (for option 1-1)

1 (for option 3)
	1 (for option 1-1)

- (for option 3)
	

	UE capability 3
	1
	1
	-
	


Proposal 4: Per-TPMI group based UE capability signaling should be supported, where the scaling factor for codebook based PUSCH transmission is based on the associated value of reporting results of UE capability.
· The TPMI(s) with the same port combination could be reported as a TPMI group.
· The power capability should be reported for each TPMI (group) as follows:

· For the number of configured ports = 2 and rank =1: 

· TPMI: [1, 0]T
· TPMI: [0,1]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1, 1]T [1, -1]T [1, j]T [1, -j]T 

· For the number of configured ports = 4 and rank =1: 

· TPMI: [1, 0, 0, 0]T
· TPMI: [0,1, 0, 0]T
· TPMI: [0, 0, 1, 0]T
· TPMI: [0, 0, 0, 1]T 
· TPMI group: [1, 0, 1, 0]T, [1, 0, -1, 0]T, [1, 0, j, 0]T, [1, 0, -j, 0]T
· TPMI group: [0,1, 0, 1]T, [0,1, 0, -1]T, [0,1, 0, j]T, [0,1, 0, -j]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1, 1, 1, 1]T and all the other 4 NZP- port TPMI(s).
· For the number of configured ports = 4 and rank =2: 

· TPMI: [1, 0, 0, 0; 0, 1, 0, 0 ]T
· TPMI: [1, 0, 0, 0; 0, 0, 1, 0 ]T
· TPMI: [1, 0, 0, 0; 0, 0, 0, 1 ]T
· TPMI: [0, 1, 0, 0; 0, 0, 1, 0 ]T
· TPMI: [0, 1, 0, 0; 0, 0, 0, 1 ]T
· TPMI: [0, 0, 1, 0; 0, 0, 0, 1]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1,0,1,0;0,1,0,-j]T and all the other 4 NZP- port TPMI(s).
· For the number of configured port = 4 and rank =3: 

· TPMI: [1, 0, 0, 0; 0, 1, 0, 0; 0, 0, 1, 0 ]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1,0,1,0;0,1,0,0;0,0,0,1]T and all the other 4 NZP- port TPMI(s).
· The candidate values of the power capability for each TPMI (group) could be the ratio of full power:

· 1, 3/4, 1/2, 1/4
4 Conclusions
In this contribution, we analyzed the full power scheme for NR Rel-16 power control and provide observations and proposals as follows.

Observation 1: In Rel-15, full Tx power transmission has already been supported for codebook based transmission when SRS resource(s) with single port are configured.

Observation 2: Taking into account that there is still no consensus to support UE capability 2 for full power transmission in the existing agreement(s), the mechanism for UE capability 3 should be prioritized to be handled over UE capability 2.

Proposal 1: For UE capability 3, Option-3 should be supported for full power transmission
Proposal 2: For UE capability 2, the following options are down-selected for full power transmission
· Alt3-1: Option3+Option2
· Note that further enhancement on introducing multiple SRS resources with different port in an SRS set is NOT supported
· Alt5: FDM multi-port simultaneous transmission
· The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent) in order to reduce the interference among non-coherent antenna ports.
Proposal 3: In Rel-16, a unified framework without explicitly disclosing the PA implementation of UE side should be supported considering any combination of the following cases:
· UE capabilities 1, 2 and 3.
· Non-coherent, partial-coherent and full coherent UE.
· Virtualized and non-virtualized port(s) to support full power Tx.
Proposal 4: Per-TPMI group based UE capability signaling should be supported, where the scaling factor for codebook based PUSCH transmission is based on the associated value of reporting results of UE capability.
· The TPMI(s) with the same port combination could be reported as a TPMI group.
· The power capability should be reported for each TPMI (group) as follows:

· For the number of configured ports = 2 and rank =1: 

· TPMI: [1, 0]T
· TPMI: [0,1]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1, 1]T [1, -1]T [1, j]T [1, -j]T 

· For the number of configured ports = 4 and rank =1: 

· TPMI: [1, 0, 0, 0]T
· TPMI: [0,1, 0, 0]T
· TPMI: [0, 0, 1, 0]T
· TPMI: [0, 0, 0, 1]T 
· TPMI group: [1, 0, 1, 0]T, [1, 0, -1, 0]T, [1, 0, j, 0]T, [1, 0, -j, 0]T
· TPMI group: [0,1, 0, 1]T, [0,1, 0, -1]T, [0,1, 0, j]T, [0,1, 0, -j]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1, 1, 1, 1]T and all the other 4 NZP- port TPMI(s).
· For the number of configured ports = 4 and rank =2: 

· TPMI: [1, 0, 0, 0; 0, 1, 0, 0 ]T
· TPMI: [1, 0, 0, 0; 0, 0, 1, 0 ]T
· TPMI: [1, 0, 0, 0; 0, 0, 0, 1 ]T
· TPMI: [0, 1, 0, 0; 0, 0, 1, 0 ]T
· TPMI: [0, 1, 0, 0; 0, 0, 0, 1 ]T
· TPMI: [0, 0, 1, 0; 0, 0, 0, 1]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1,0,1,0;0,1,0,-j]T and all the other 4 NZP- port TPMI(s).
· For the number of configured port = 4 and rank =3: 

· TPMI: [1, 0, 0, 0; 0, 1, 0, 0; 0, 0, 1, 0 ]T
· If option 1-1 is adopted for UE capability 2, TPMI group: [1,0,1,0;0,1,0,0;0,0,0,1]T and all the other 4 NZP- port TPMI(s).
· The candidate values of the power capability for each TPMI (group) could be the ratio of full power:

· 1, 3/4, 1/2, 1/4
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