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Introduction
In previous meetings, solutions for UL full power transmission were discussed. The following three UE capabilities were proposed, with UE capability 1 and UE capability 3 agreed and UE capability 2 adopted as a working assumption:
	· 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 
· 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 
· 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


In RAN1 #97, two modes for UE capability 2 and 3 were adopted as 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 
· 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


In RAN1 #98 meeting, following agreements were achieved for Mode 1 and Mode 2:
	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

For mode 1, 4Tx non-coherent UE, the new codebook subset at least includes, rank 1 TPMI= 13 defined in Rel-15 which can be used for UL full power transmission 
· FFS for the case that part of ports can deliver full power transmission

For mode 1, 4Tx non-coherent UE, the new codebook subset
· at least includes, rank 2 TPMI=6 defined in Rel-15
· at least includes, rank 3 TPMI=1 defined in Rel-15

For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: support {TPMI=0} and {TPMI=1}
· FFS: Details on UE capability signalling 

For a UE working with Mode1 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: reuse Rel-15 power scaling mechanism.
· Alt2: power scaling factor is configured. 
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted
· Alt5: For the precoders in the new codebook subset for full power transmission, the power scaling factor is 1.

For a UE working with Mode2 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: power scaling factor is determinded by the reported TPMI precoders. 
· Alt2: power scaling factor is configured.
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted

· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’


In this contribution, we share our views on the solutions for the remaining issues of UL full power transmission.
UE capability reporting
General UE capability reporting for UL full power transmission
There are several options for UE’s capability signaling. Some typical options are as follows:
· Option 1: TPMIs that can support full power transmission are reported;
· Option 2: UE capability 1/2/3 is reported explicitly;
· Option 3: The number of full-rated PAs is reported.
For option 1, although there are 64 different precoders, a dedicated indication for each TPMI is not necessary. The reason is that any two TPMIs with the same antenna selection profile (e.g. [ 1 0 1 0] and [ 1 0 0 0; 0 0 j 0]) will deliver the same maximum transmit power. Since full power transmission is always supported by non-antenna-selection TPMIs, full power transmission capability indication for non-antenna-selection TPMIs are not needed. If antenna-selection TPMIs with same antenna-selection profile are included in the same TPMI group, there would be 11 TPMI groups for 4Tx and 2 TPMI groups for 2Tx. Table 1 and Table 2 provide representative TPMIs for each TPMI groups for 4Tx and 2Tx. If full power transmission capability for each TPMI group is reported by a bitmap, 11 bits for 4Tx and 2 bits for 2Tx are needed.
Table 1 Reported TPMIs that can support full power transmission for 4Tx
	

	

	

	

	

	

	

	

	

	

	




Table 2 Reported TPMIs that can support full power transmission for 2Tx
	

	



For option 2, a UE capability signaling with at least the following three candidate values would be reported: {UE capability 1, UE capability 2, UE capability 3}. If UE capability 3 is reported, gNB knows at least one PA is full-rated. However, since how many PAs are full-rated and which antenna ports are full rated are still unknown to gNB, no antenna selection TPMI can be allowed to be transmitted at full power. If there is neither additional full power transmission signaling nor fixed mapping rule between full-rated PA and antenna ports (e.g. for UE capability 3, the 1st antenna port is always capable of full power transmission), there is no difference of UE capability 2 and UE capability 3 from the view of PUSCH scheduling and power scaling factor determination. 
For option 3, the three UE capabilities can be identified based on the number of full rated PAs. The mapping between the full-rated PAs and their corresponding antenna ports can be either reported by UE, or fixed in the specification (e.g. full-rated PAs are always mapped to the lowest antenna ports). 
In section 6, simulation results for different UE PA architectures are provided. It can be seen that compared with only allowing the 1st port transmit with full power, performance gain can be obtained by allowing either of two ports to transmit with full power (e.g. 1st and 3rd ports). Hence, a signaling on the number of full rated PAs is preferred.
For any PA that is non-full-rated, the Rel.15 power scaling rule implicitly assumes that each PA has a maximum power that is equal to the maximum total power divided by the number of PA (e.g. each PA is 17dBm for a 4Tx UE with 23 dBm total power). During the Rel.16 discussion it was raised whether UE should be allowed to employ better PA than this assumption, although still non-full-rated (e.g. 20dB PA for a 4Tx). Two prerequisites are necessary in order for these better PA to improve system performance:
· NW needs to be aware of the presence of such PA (e.g. through UE capability reporting)
· New power scaling rule different than Rel.15 needs to be introduced to suit to the PA capability
From simulation results in section 6 that compared with Rel-15 power scaling rule, significant performance gain can be seen by allowing a UE with four 20dBm PAs transmitting with a power scaling factor of min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of TPMI. Based on the observation, if UE is allowed to implement any non-full-rated PA better than the Rel.15 default assumption, UE capability must be able to reflect such implementation, and power scaling rule needs to adapt to UE capability. . One example of the two UE capability signaling is as follows:
	Feature group
	Components
	Consequences if the feature
 is not supported by the UE
	Note

	UL full power transmission
	1) maximum number of full rated PAs 
2) Support full power transmission for TPMIs with at least 2 antenna ports non-zero
	If 1) is not reported, Rel-16 full power transmission is not supported.
If 2) is not reported, not all TPMIs with at least 2 antenna ports non-zero can deliver full power transmission
	2) cannot be reported if  1) is not reported.


According to the signaling, a UE with 23dBm+17dBm+17dBm+17dBm PAs can report that the maximum number of full rated PAs is 1, signaling 2 is not reported. A UE with 23dBm+20dBm+20dBm+20dBm PAs can report that the maximum number of full rated PAs is 1, signaling 2) is also reported.
Proposal 1:
· For UE capability reporting for UL full power transmission, the following signaling are supported
· A signaling for the number of full rated PAs,
· A signaling indicating that full power transmission is supported by the combination of any two ports.
UE capability reporting for mode 1 and mode 2
It was agreed that UE can be configured to either one of two modes. A UE may choose to support both modes, subject to UE implementation. As such, 2 bits are needed for the UE capability signaling, including 3 candidate values (i.e. mode1, mode2, mode1 & mode2). 
Proposal 2: 
· UE should be able to indicate that it supports mode1 only, or mode 2 only, or mode 1 and mode 2. 

Full power transmission schemes for mode 1
New codebook subset
Several TPMIs have been agreed in the new codebook subset for mode 1. There are three remaining questions on the new codebook subsets:
· Question 1: Whether additional non-antenna-selection TPMIs should be included in the new codebook subset in addition to the already agreed TPMIs?
· Question 2: Whether antenna selection TPMIs in accordance to UE’s coherent capability should be included in the new codebook subset? 
· Question 3: Do 4Tx non-coherent UE and 4Tx partial-coherent UE use same codebook subset?
2Tx non-coherent UE
For a 2Tx non-coherent UE, rank 1 TPMI = 2 in Rel-15 ([1 1]T) has been agreed in the new codebook subset. 
For Q1, a non-coherent UE is not capable of maintaining relative phase of antenna ports for non-antenna-selection TPMIs, so additional non-antenna-selection TPMIs ([1 -1]T, [1 j]T, [1 -j]T) in addition to TPMI = 2 ([1 1]T ) in the new codebook subset is not necessary. 
For Q2, it is known that for a UE with 23dBm+17dBm, full power transmission is achievable by [1 0]T; for a UE with 17dBm+23dBm, full power transmission is achievable by [0 1]T. In section 6.1, evaluation results of different candidate codebook subsets for 2Tx non-coherent UE are provided. It can be seen that if the power scaling factor for each TPMI is determined according to UE’s actual PA capability, for a UE with 23dBm+20dBm, significant performance gain can be achieved by including [1 0]T in the codebook subset. For a UE with 20dBm+20dBm, the performance of new codebook subset with [1 0]T, [0 1]T and [1 1]T outperforms the codebook subset with only [1 1]T. Therefore, TPMIs in accordance to UE’s coherent capability should be included at least for rank 1 for a 2Tx non-coherent UE.
For the new codebook subset for 2Tx non-coherent UE, another question is whether rank 2 TPMIs are included in the new codebook subset. Including rank-2 TPMIs would provide the flexibility of rank adaption. Besides, if [1 0]T, [0 1]T and [1 1]T are included in the new codebook subset, including one more rank 2 TPMI would not increase the TPMI indication overhead. Therefore, including one rank-2 TPMI in the new codebook subset is preferred.
Proposal 3:
· For mode 1, the new codebook subset for 2Tx non-coherent UE, 
· Do not include co-phasing combining precoders in addition to rank-1 TPMI = 2;
· All TPMIs in Rel-15 non-coherent codebook subset (e.g. antenna selection precoders) are included.

4Tx non-coherent UE
For 4Tx non-coherent UE, the following TPMIs in Rel-15 have been agreed to be included in the new codebook subset:
· rank 1 TPMI= 13;
· rank 2: TPMI = 6;
· rank 3: TPMI = 1.
For Q1, since non-coherent UE is not capable of maintaining relative phase of antenna ports according to these TPMIs, including more TPMIs with same antenna selection profile and different co-phasing profile across antenna ports would not improve the performance but only increasing the overhead. 
For Q2, in section 6.2, evaluation results of different candidate codebook subsets for 4Tx non-coherent UEs are provided. It can be seen that 
· If the power scaling factor for each TPMI is determined according to UE’s actual PA capability,  
· Significant performance gain can be achieved by including antenna selection TPMIs that can support full power transmission in the codebook subset in addition to the agreed TPMIs for UEs with at least one 23dBm PA or UEs with four 20dBm PAs;  
· For rank 2 transmission, for UEs with at least one 23dBm PA or UEs with four 20dBm PAs, the performance of CBSs with TPMI = 14 included are worse than CBSs with TPMI = 0-6.
· If Rel-15 power scaling rule is applied (e.g. assuming minimum PA capability), 
· For rank 1 transmission, CBS with one non-antenna selection TPMI(TPMI = 13) outperforms CBS with multiple non-antenna-selection TPMIs(TPMI = 12-15); similar performance can be achieved by CBS with TPMI = 0-3,13 (TPMI = 13 +Rel-15 non-coherent codebook subset) and CBS with TPMI = 0-3, 12-15(TPMI = 12-15 +Rel-15 non-coherent codebook subset). Note that Rel-15 non-coherent CBS for rank 1 includes TPMI = 0-3.
· For rank-2 transmission, similar performance can be achieved by CBS with TPMI = 0-6, 14 and CBS with TPMI = 6, 14([1 0 1 0; 0 1 0 –j] T and [ 1 1 1 1; 1 1 -1 -1] T); the performance of CBS with TPMI = 0-6,14 is slightly better than CBS TPMI = 0-6; worst performance is obtained by TPMI = 6. Note that Rel-15 non-coherent CBS for rank 2 includes TPMI = 0-5.

4Tx partial-coherent UE
According to Rel-15 codebook subsets and power scaling scheme, full power transmission cannot be achieved by rank-1 for a 4Tx partial-coherent UE. Since the UE is partial-coherent, it is capable of maintaining relative phase of antenna ports in the same coherent group, but not able to maintain relative phase of antenna ports across the two coherent groups. Based on simulation results for 2Tx and 4Tx non-coherent UE, performing co-phasing combining across antenna ports in different coherent groups is not expected to improve the performance. 
In section 6.3, evaluation results of different candidate codebook subsets for 4Tx partial-coherent UEs are provided. It can be seen from the simulation results that
· If the power scaling factor for each TPMI is determined according to UE’s actual PA capability,
· Significant performance gain can be achieved by including antenna selection TPMIs that can support full power transmission in the CBS for a UE with at least one 23dBm PA or for a UE with four 20dBm PAs.  
· If Rel-15 power scaling rule is applied (e.g. assuming minimum PA capability), 
· CBS with rank 1 TPMI = 12-15([1 1 1 1] T, [ 1 1 j j ] T,[ 1 1 -1 -1] T, [ 1 1 –j –j] T) outperforms CBS with rank 1 TPMI = 13([ 1 1 j j ] T).
· Similar performance can be achieved by CBS with rank 1 TPMI = 0-11, 13(TPMI = 13 + Rel-15 partial-coherent CBS) and CBS with rank 1 TPMI = 0-15(TPMI = 12-15 + Rel-15 partial-coherent CBS).
· CBS with all the precoders in Rel-15 partial-coherent CBS included outperforms CBS with only non-antenna-selection TPMIs.
Based on the simulation results, it is beneficial to have precoders for Rel-15 partial-coherent codebook subset included in the new codebook subset for mode 1 for 4Tx partial-coherent UE.  Rank 1 TPMI = 13 can be included in the new codebook subset to support full power transmission for UEs with no full rated PA. 
TPMIs for ranks larger than 1 are preferred to be included in the new codebook subset, then rank adaption can be applied for the new codebook subset.

Proposal 4:
· For mode 1, the new codebook subset, 
· Different codebook subset are used for 4Tx non-coherent UE and 4Tx partial-coherent UE;
· For non-coherent UE 
· Do not include co-phasing combining precoders in addition to the agreed TPMIs;
· All the TPMIs in Rel-15 non-coherent codebook subset are included. 
· For partial coherent UE
· Rank- 1 TPMI = 13 is included in the new codebook subset for 4Tx partial-coherent UE;
· All the TPMIs in Rel-15 partial-coherent codebook subset are included.

Power scaling schemes
In RAN1 #98 meetings, the following 5 candidate solutions for power scaling scheme for UL full power transmission were proposed for mode 1: 
· Alt1: reuse Rel-15 power scaling mechanism.
· Alt2: power scaling factor is configured. 
· Alt3: power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted
· Alt5: For the precoders in the new codebook subset for full power transmission, the power scaling factor is 1.
In our interpretation, power scaling scheme is highly related to the selection of the new codebook subset and UE’s full power capability signaling. For example, if all the precoders in the new codebook subset for mode 1 can deliver full power transmission, Alt 5 can be adopted. If only a subset of precoders in the new codebook subset for mode 1 can deliver full power transmission, the performance of a power scaling rule that determining the power scaling factor for TPMIs according to UE’s full power transmission capability may be better than that of Rel-15 power scaling rule. Therefore, the power scaling rule for mode 1 should be determined after the new codebook subset for mode 1 and UE’s full power capability signaling are concluded.
Proposal 5:
· The power scaling scheme for mode 1 is determined after the new codebook subset and UE capability signaling is concluded.

Full power transmission schemes for Mode 2
Power scaling schemes
In RAN1 #98 meetings, the following four candidate solutions were proposed for mode 2: 
	For a UE working with Mode2 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: power scaling factor is determinded by the reported TPMI precoders. 
· Alt2: power scaling factor is configured.
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted



For mode 2, the UE can be configured with multiple SRS resources in an SRS resource set with different number of SRS ports. In our opinion, full power transmission can be achieved by one port transmission when the SRS resource with 1 port is indicated by SRI. For non-coherent 2 ports transmission, full power can be achieved by non-antenna-selection TPMIs or TPMIs deliver full power reported by UE. Therefore, the power scaling scheme for mode 2 should be determined based on UE’s capability. The following power scaling scheme for mode 2 can be considered:
· For TPMIs that can support full power transmission reported by UE, the power scaling factor is 1;
· For other TPMIs, if full power transmission is supported by the combination of any two ports, the power scaling factor is min{1,2 #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI }, otherwise, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
Proposal 6:
· For Mode 2, the following power scaling rule is used:
· For TPMIs that can support full power transmission, power scaling factor is 1;
· For other TPMIs, 
· if full power transmission is supported by the combination of any two ports, the power scaling factor is min{1,2 #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI };
· otherwise, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 

Simulations
In this section, link-level performance of 2Tx/4Tx UEs with different coherent capabilities for different codebook subsets is provided. The relative phase errors of PUSCH among non-coherent Tx antenna groups follow a uniform distribution where a non-coherent UE has 4 coherent Tx antenna groups, a partial-coherent capability UE has 2 coherent Tx antenna groups, and a fully-coherent UE has only one coherent Tx antenna group. Details simulation assumptions are given in Appendix. 
2Tx non-coherent UE
In this section, the following rank-1 codebook subsets for 2Tx non-coherent UEs are evaluated:
· Alt-1: TPMI = 2;
· Alt-2: TPMI = 0, 1, 2
· Alt-3: TPMI = 0, 2
· Alt-4 (Rel-15 non-coherent CBS): TPMI = 0, 1
· Alt-5 (Rel-15 full-coherent CBS): TPMI = 0-5.
The evaluation results for the non-coherent UE with 20dBm+20dBm are provided in Figure 1, with Rel-15 power scaling rule applied.
The evaluation results for the non-coherent UE with 23dBm+20dBm are provided in Figure 2, with the following 2 power scaling schemes applied:
· PC 1: Rel-15 power scaling rule
· PC 2: The power scaling factor is determined by UE’s full power transmission capability, i.e., power scaling factor of 1 for TPMI = 0 and Rel-15 power scaling factor for other TPMIs
The following observation can be made from the simulation results for 2Tx.
Observation 2:
· For 2Tx non-coherent capability UE with 20dBm+20dBm, 
·  Rel-15 non-coherent CBS has best performance. 
· Similar performance can be achieved by CBS with TPMI=2 only and CBS with TPMI= 0-2.
· Similar performance can be achieved by CBS with TPMI=2-5 and CBS with TPMI= 0-5.
· Significant performance gain can be achieved by CBS with TPMI=0-2 compared to the CBS with TPMI=0-5( CBS with multiple non-antenna selection TPMIs).
· For 2Tx non-coherent capability UE with 23dBm+20dBm, 
· If TPMI=0 is are allowed to be transmitted with scaling factor of 1, significant performance gain can be seen by allowing TPMI=0 included in the CBS compared to CBS with only non-antenna selection TPMIs(CBS with TPMI= 2). 


[image: ]
Figure 1 Performance of codebook subsets for 2Tx non-coherent UEs with 20dBm+20dBm, rank-1
[image: ]
Figure 2 Performance of codebook subsets for 2Tx non-coherent UEs with 23dBm+20dBm, rank-1

4Tx non-coherent UE
Rank 1
The following alternatives are evaluated for 4Tx non-coherent UEs with rank-1 transmission:
· Alt-1: TPMI = 13;
· Alt-2: TPMI = 12-15
· Alt-3: TPMI = 4,8,13
· Alt-4: TPMI = 0, 13
· Alt-5: TPMI = 0, 1, 13
· Alt-6: TPMI = 4, 13
· Alt-7: TPMI = 0, 2, 4, 13
· Alt-8(Alt-1+NC-CBS): TPMI = 0-3,13
· Alt-9(Alt-2+NC-CBS): TPMI = 0-3, 12-15
· Alt-10(Alt-3+NC-CBS): TPMI = 0-4,8,13
· Alt-11(Alt-4+NC-CBS,Alt-5+NC-CBS): TPMI = 0-3, 13
· Alt-12(Alt-6+NC-CBS, Alt-7+NC-CBS): TPMI = 0-4, 13
Evaluation results for the non-coherent UE with 17dBm+17dBm+17dBm+17dBm are provided in Figure 3, with Rel-15 power scaling rule applied.
Evaluation results for the following 3 UE types are provided in Figure 4, with 2 power scaling schemes applied:
· UE 1: non-coherent UE with 23dBm+23dBm+17dBm+17dBm, 
· UE 2:  non-coherent UE with 23dBm+17dBm+23dBm+17dBm,
· UE 3:  non-coherent UE with 23dBm+17dBm+17dBm+17dBm
The two power scaling schemes used in Figure 4 are as followings:
· PC 1: Rel-15 power scaling rule.
· PC 2: The power scaling factor is determined by UE’s full power transmission capability. 
· For UE 1, power scaling factor for TPMI = 0, 1 is 1; Rel-15 power scaling factor are used for other TPMIs
· For UE 2, power scaling factor for TPMI = 0 ,2,4 is 1; Rel-15 power scaling factor are used for other TPMIs
· For UE 3, power scaling factor for TPMI = 0 is 1;  Rel-15 power scaling factor are used for other TPMIs
Evaluation results for the non-coherent UE with 20dBm+20dBm+20dBm+20dBm are provided in Figure 5, with the following 2 power scaling schemes applied:
· PC 1: Rel-15 power scaling rule.
· PC 2: The power scaling factor is determined by UE’s full power transmission capability. In the simulation, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.

The following observation can be made from the simulation results for 4Tx non-coherent UEs.
Observation 3:
· For 4Tx non-coherent capability UE with 17dBm+17dBm+17dBm+17dBm, 
·  Rel-15 non-coherent CBS(TPMI = 0-3) has best performance compared to other CBSs. 
· The performance of CBS with TPMIs for Rel-15 non-coherent CBS included is better than CBSs with non-antenna selection TPMIs only.
· The performance of CBS with multiple non-antenna selection TPMIs included(TPMI = 12-15) is worse than the performance for the CBS with TPMI=13 only.
· For 4Tx non-coherent capability UE with at least one 23dBm PA, 
· If antenna-selection TPMIs are included in the new codebook subset, compared with the Rel-15 power scaling rule, significant performance gain can be obtained by allowing antenna selection TPMIs corresponding to UEs capability to be transmitted at full power.
· If antenna-selection TPMIs corresponding to UEs capability are allowed to be transmitted with full power, significant performance gain can be seen by CBS with Rel-15 non-coherent CBS included compared to CBSs with non-antenna selection TPMIs only.
· If antenna-selection TPMIs corresponding to UEs capability are allowed to be transmitted with full power, obvious performance gain can be seen by UEs with 2 full rated PAs compared to UE with one full rated PA.
· For 4Tx non-coherent capability UE with 4 20dBm PAs, 
· Compared to the Rel-15 power scaling rule, significant performance gain can be obtained by applying new power scaling rule to the CBS including antenna-selection TPMIs that can support full power transmission. For the new power scaling rule, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.
· If antenna-selection TPMIs (TPMI = 0-3) are not included in the CBS, significant performance gain can be seen by including TPMI = 4 and TPMI =8 in addition to TPMI=13.
· If all TPMIs of Rel-15 non-coherent CBS (TPMI = 0-3) are included in the CBS, the performance would not be improved by additional non-antenna-selection TPMIs included in addition to TPMI= 13.
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Figure 3 Performance of codebook subsets for 4Tx non-coherent UEs with 17dBm+17dBm+17dBm+17dBm, rank-1
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Figure 4 Performance of codebook subsets for 4Tx non-coherent UEs with UE capability 3, rank-1
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Figure 5 Performance of codebook subsets for 4Tx non-coherent UEs with 20dBm+20dBm+20dBm+20dBm, rank-1

Rank 2
The following alternatives are evaluated for 4Tx non-coherent UEs with rank-2 transmission:
· Alt-1: TPMI = 6;
· Alt-2: TPMI = 6, 14
· Alt-3: TPMI = 0, 6
· Alt-4: TPMI = 0, 6,14
· Alt-5: TPMI = 1, 6
· Alt-6(Alt-1+NC-CBS, Alt-4+NC-CBS, Alt-5+NC-CBS): TPMI = 0-6
· Alt-7(Alt-3+NC-CBS): TPMI = 0-6, 14
· Alt-8 (NC-CBS): TPMI = 0-5
Evaluation results for a non-coherent UE with 17dBm+17dBm+17dBm+17dBm are provided in Figure 6, with Rel-15 power scaling rule applied.
Evaluation results for a non-coherent UE with 23dBm+17dBm +23dBm+17dBm and non-coherent UE with 23dBm+23dBm+17dBm+17dBm are provided in Figure 7 and Figure 8 respectively, with the following 2 power scaling schemes applied:
· PC 1: Rel-15 power scaling rule.
· PC 2: The power scaling factor is determined by UE’s full power transmission capability. 
· i.e.  for UE with  23dBm+17dBm +23dBm+17dBm, power scaling factor for TPMI = 1 is 1, Rel-15 power scaling factor are used for other TPMIs; for UE with  23dBm+23dBm+17dBm+17dBm, power scaling factor for TPMI = 0 is 1, Rel-15 power scaling factor are used for other TPMIs
Evaluation results for the non-coherent UE with 20dBm+20dBm+20dBm+20dBm are provided in Figure 8, with the following 2 power scaling schemes applied:
· PC 1: Rel-15 power scaling rule.
· PC 2: the power scaling factor is determined by UE’s full power transmission capability. In the simulation, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.

The following observation can be made from the simulation results for 4Tx non-coherent UEs.
Observation 4:
· For 4Tx non-coherent capability UE with 17dBm+17dBm+17dBm+17dBm, 
·  Rel-15 non-coherent CBS(TPMI = 0-5) has best performance compared to other CBSs. 
· Similar performance is achieved by TPMI = 6,14 and TPMI = 0-6,14.
· The performance of CBS with TPMI= 0-6, 14 is better than CBS with TPMI = 0-6.
· The performance of CBS with TPMI= 0-6 is better than CBS with TPMI = 6.
· 
· For 4Tx non-coherent capability UE with UE capability 3 (23dBm+17dBm +23dBm+17dBm and 23dBm+23dBm +17dBm+17dBm).
· For CBS including antenna-selection TPMIs, compared to the Rel-15 power scaling rule, significant performance gain can be obtained by allowing antenna-selection TPMI corresponding to UEs capability (TPMI = 1) to be transmitted with full power.
· When antenna-selection TPMI corresponding to UEs capability (TPMI = 1 or TPMI = 0) is allowed to be transmitted with full power, obvious performance gain can be seen by CBSs with antenna-selection TPMI incldued compared to the CBSs with non-antenna-selection TPMIs only (i.e.CBS with TPMI=1,6andCBS with TPMI = 6).
· The performance of CBSs with TPMI = 14 included are worse than the CBSs withTPMI = 0-6.
· For 4Tx non-coherent capability UE with 4 20dBm PAs, 
· Compared to the Rel-15 power scaling rule, significant performance gain can be obtained by applying new power scaling rule to the CBS including antenna-selection TPMIs that can support full power transmission. For the new power scaling rule, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.
· When the new power scaling rule is applied,
·  Similar performance can be achieved by CBS with TPMI = 0-6 and Rel-15 non-coherent CBS(TPMI= 0-5). 
· Significant performance gain can be achieved by the CBSs with all TPMIs for Rel-15 non-coherent CBS(TPMI= 0-5) included compared to the CBS with TPMI = 0,6 and CBS with TPMI = 6 only.
· The performance of CBS with TPMI = 14 included is worse than the CBSs withTPMI = 0-6.
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Figure 6 Performance of codebook subsets for 4Tx non-coherent UEs with 17dBm+17dBm+17dBm+17dBm, rank-2 
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Figure 7 Performance of codebook subsets for 4Tx non-coherent UEs with 23dBm+17dBm+23dBm+17dBm PAs, rank-2 
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Figure 8 Performance of codebook subsets for 4Tx non-coherent UEs with 23dBm+23dBm+17dBm+17dBm PAs, rank-2
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Figure 9 Performance of codebook subsets for 4Tx non-coherent UEs with 20dBm+20dBm+20dBm+20dBm, rank-1 (To be updated)


  4Tx partial-coherent UE
The following alternatives are evaluated for 4Tx non-coherent UEs with rank-1 transmission:
· Alt-1: TPMI = 13;
· Alt-2: TPMI = 12-15
· Alt-3: TPMI = 0, 13
· Alt-3-1: TPMI = 0
· Alt-4: TPMI = 0,1,13
· Alt-4-1: TPMI = 0,1
· Alt-5: TPMI = 4-11
· Alt-6: TPMI = 4-11, 13
· Alt-7 (Rel-15 PC-CBS): TPMI = 0-11
· Alt-8 (Alt-1+PC-CBS): TPMI = 0-11,13
· Alt-9 (Alt-2+PC-CBS): TPMI = 0-15
Evaluation results for a partial-coherent UE with 17dBm+17dBm+17dBm+17dBm are provided in Figure 10, with Rel-15 power scaling rule applied.
Evaluation results for a partial-coherent UE with 23dBm+23dBm+17dBm+17dBm are provided in Figure 11, with 2 power scaling schemes applied:
· PC 1: Rel-15 power scaling rule.
· PC 2: the power scaling factor is determined by UE’s full power transmission capability. 
Evaluation results for a partial-coherent UE with 20dBm+20dBm+20dBm+20dBm are provided in Figure 12, with the following 2 power scaling schemes applied:
· PC 1: Rel-15 power scaling rule.
· PC 2: the power scaling factor is determined by UE’s full power transmission capability. In the simulation, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.

The following observation can be seen from the simulation results for 4Tx partial-coherent UEs.
Observation 5:
· For 4Tx non-coherent capability UE with 17dBm+17dBm+17dBm+17dBm, 
·  Rel-15 partial-coherent CBS(TPMI = 0-11) has best performance compared to other CBSs. 
· Similar performance can be achieved by CBS with TPMI=0-11,13 and CBS with TPMI=0-15.
· CBS with TPMI=12-15 outperforms CBS with TPMI=13.
· CBS with all the TPMIs for Rel-15 partial-coherent CBS included outperforms CBSs with only non-antenna-selection TPMI(s).
· For 4Tx non-coherent capability UE with 23dBm+23dBm+17dBm+17dBm, 
· For CBSs with antenna-selection TPMIs included, compared to the Rel-15 power scaling rule, significant performance gain can be obtained by allowing antenna selection TPMI corresponding to UEs capability to be transmitted at full power.
· If antenna selection TPMIs corresponding to UEs capability are allowed to be transmitted with full power, significant performance gain can be seen by CBS with Rel-15 partial-coherent CBS included compared to CBSs with non-antenna-selection TPMIs only.
· CBS with TPMI=0-11,13 outperforms CBS with TPMI=0-15.
· For 4Tx non-coherent capability UE with 4 20dBm PAs, 
· Compared to the Rel-15 power scaling rule, significant performance gain can be seen by applying new power scaling rule to the CBS including antenna-selection TPMIs that can support full power transmission. For the new power scaling rule, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.
· If the new power scaling rule is applied, 
· Rel-15 partial-coherent CBS has best performance compared to other CBSs.
· Significant performance can be seen by CBSs with Rel-15 partial-coherent CBS included compared to CBSs with non-antenna-selection TPMIs only.
· CBS with TPMI=4-11 outperforms CBS with TPMI=4-15.
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Figure 10 Performance of codebook subsets for 4Tx partial-coherent UEs with 17dBm+17dBm+17dBm+17dBm, rank-1 
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Figure 11 Performance of codebook subsets for 4Tx partial-coherent UEs with 23dBm+23dBm+17dBm+17dBm, rank-1
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Figure 12 Performance of codebook subsets for 4Tx partial-coherent UEs with 20dBm+20dBm+20dBm+20dBm, rank-1 

Conclusion
In this contribution, we discussed the remaining issues for uplink full transmission power. It is obvious that:
Observation 1:
· For RRC signaling of UL full power transmission:
· Allowing UE with UE capability 1 to be configured with mode 1 or mode 2 is not necessary.
Observation 2:
· For 2Tx non-coherent capability UE with 20dBm+20dBm, 
·  Rel-15 non-coherent CBS has best performance. 
· Similar performance can be achieved by CBS with TPMI=2 only and CBS with TPMI= 0-2.
· Similar performance can be achieved by CBS with TPMI=2-5 and CBS with TPMI= 0-5.
· Significant performance gain can be achieved by CBS with TPMI=0-2 compared to the CBS with TPMI=0-5( CBS with multiple non-antenna selection TPMIs).
· For 2Tx non-coherent capability UE with 23dBm+20dBm, 
· If TPMI=0 is are allowed to be transmitted with scaling factor of 1, significant performance gain can be seen by allowing TPMI=0 included in the CBS compared to CBS with only non-antenna selection TPMIs(CBS with TPMI= 2).
Observation 3:
· For 4Tx non-coherent capability UE with 17dBm+17dBm+17dBm+17dBm, 
·  Rel-15 non-coherent CBS(TPMI = 0-3) has best performance compared to other CBSs. 
· The performance of CBS with TPMIs for Rel-15 non-coherent CBS included is better than CBSs with non-antenna selection TPMIs only.
· The performance of CBS with multiple non-antenna selection TPMIs included(TPMI = 12-15) is worse than the performance for the CBS with TPMI=13 only.
· For 4Tx non-coherent capability UE with at least one 23dBm PA, 
· If antenna selection TPMIs are included in the new codebook subset, compared to the Rel-15 power scaling rule, significant performance gain can be obtained by allowing antenna selection TPMIs corresponding to UEs capability to be transmitted at full power.
· If antenna selection TPMIs corresponding to UEs capability are allowed to be transmitted with full power, significant performance gain can be seen by CBS with Rel-15 non-coherent CBS included compared to CBSs with non-antenna selection TPMIs only.
· If antenna selection TPMIs corresponding to UEs capability are allowed to be transmitted with full power, obvious performance gain can be seen by UEs with 2 full rated PAs compared to UE with one full rated PA.
· For 4Tx non-coherent capability UE with 4 20dBm PAs, 
· Compared to the Rel-15 power scaling rule, significant performance gain can be obtained by applying new power scaling rule to the CBS including antenna selection TPMIs that can support full power transmission. For the new power scaling rule, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.
· If antenna selection TPMIs (TPMI = 0-3) are not included in the CBS, significant performance gain can be seen by including TPMI = 4 and TPMI =8 in addition to TPMI=13.
· If all TPMIs of Rel-15 non-coherent CBS (TPMI = 0-3) are included in the CBS, the performance would not be improved by additional non-antenna selection TPMIs included in addition to TPMI= 13.
Observation 4:
· For 4Tx non-coherent capability UE with 17dBm+17dBm+17dBm+17dBm, 
·  Rel-15 non-coherent CBS(TPMI = 0-5) has best performance compared to other CBSs. 
· Similar performance is achieved by TPMI = 6,14 and TPMI = 0-6,14.
· The performance of CBS with TPMI= 0-6, 14 is better than CBS with TPMI = 0-6.
· The performance of CBS with TPMI= 0-6 is better than CBS with TPMI = 6.
· 
· For 4Tx non-coherent capability UE with UE capability 3 (23dBm+17dBm +23dBm+17dBm and 23dBm+23dBm +17dBm+17dBm).
· For CBS including antenna selection TPMIs, compared to the Rel-15 power scaling rule, significant performance gain can be obtained by allowing antenna selection TPMI corresponding to UEs capability (TPMI = 1) to be transmitted with full power.
· When antenna selection TPMI corresponding to UEs capability (TPMI = 1 or TPMI = 0) is allowed to be transmitted with full power, obvious performance gain can be seen by CBSs with antenna selection TPMI incldued compared to the CBSs with non-antenna selection TPMIs only (i.e.CBS with TPMI=1,6andCBS with TPMI = 6).
· The performance of CBSs with TPMI = 14 included are worse than the CBSs withTPMI = 0-6.
· For 4Tx non-coherent capability UE with 4 20dBm PAs, 
· Compared to the Rel-15 power scaling rule, significant performance gain can be obtained by applying new power scaling rule to the CBS including antenna selection TPMIs that can support full power transmission. For the new power scaling rule, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.
· When the new power scaling rule is applied,
·  Similar performance can be achieved by CBS with TPMI = 0-6 and Rel-15 non-coherent CBS(TPMI= 0-5). 
· Significant performance gain can be achieved by the CBSs with all TPMIs for Rel-15 non-coherent CBS(TPMI= 0-5) included compared to the CBS with TPMI = 0,6 and CBS with TPMI = 6 only.
· The performance of CBS with TPMI = 14 included is worse than the CBSs withTPMI = 0-6.
Observation 5:
· For 4Tx non-coherent capability UE with 17dBm+17dBm+17dBm+17dBm, 
·  Rel-15 partial-coherent CBS(TPMI = 0-11) has best performance compared to other CBSs. 
· Similar performance can be achieved by CBS with TPMI=0-11,13 and CBS with TPMI=0-15.
· CBS with TPMI=12-15 outperforms CBS with TPMI=13.
· CBS with all the TPMIs for Rel-15 partial-coherent CBS included outperforms CBSs with only non-antenna selection TPMI(s).
· For 4Tx non-coherent capability UE with 23dBm+23dBm+17dBm+17dBm, 
· For CBSs with antenna selection TPMIs included, compared to the Rel-15 power scaling rule, significant performance gain can be obtained by allowing antenna selection TPMI corresponding to UEs capability to be transmitted at full power.
· If antenna selection TPMIs corresponding to UEs capability are allowed to be transmitted with full power, significant performance gain can be seen by CBS with Rel-15 partial-coherent CBS included compared to CBSs with non-antenna selection TPMIs only.
· CBS with TPMI=0-11,13 outperforms CBS with TPMI=0-15.
· For 4Tx non-coherent capability UE with 4 20dBm PAs, 
· Compared to the Rel-15 power scaling rule, significant performance gain can be seen by applying new power scaling rule to the CBS including antenna selection TPMIs that can support full power transmission. For the new power scaling rule, the power scaling factor for each TPMI is min{1,Nnon-zero/2}, where Nnon-zero is the number of non-zero ports of a TPMI.
· If the new power scaling rule is applied, 
· Rel-15 partial-coherent CBS has best performance compared to other CBSs.
· Significant performance can be seen by CBSs with Rel-15 partial-coherent CBS included compared to CBSs with non-antenna selection TPMIs only.
· CBS with TPMI=4-11 outperforms CBS with TPMI=4-15.

We propose that 
Proposal 1:
· For UE capability reporting for UL full power transmission, the following signaling are supported
· A signaling for the number of full rated PAs,
· A signaling indicating that full power transmission is supported by the combination of any two ports.
Proposal 2: 
· UE should be able to indicate that it supports mode1 only, or mode 2 only, or mode 1 and mode 2.
Proposal 3:
· For mode 1, the new codebook subset for 2Tx non-coherent UE, 
· Do not include cophasing combining precoders in addition to rank-1 TPMI = 2;
· [bookmark: _GoBack]All the TPMIs in Rel-15 non-coherent codebook subset are included.
Proposal 4:
· For mode 1, the new codebook subset, 
· Different codebook subset are used for 4Tx non-coherent UE and 4Tx partial-coherent UE;
· For non-coherent UE 
· Do not include co-phasing combining precoders in addition to the agreed TPMIs;
· All TPMIs in Rel-15 non-coherent codebook subset are included 
· For partial coherent UE
· Rank- 1 TPMI = 13 is included in the new codebook subset for 4Tx partial-coherent UE;
· All TPMIs in Rel-15 partial-coherent codebook subset are included.
Proposal 5:
· The power scaling scheme for mode 1 is determined after the new codebook subset and UE capability signaling is concluded.
Proposal 6:
· For mode 2, the following power scaling rule is used:
· For TPMIs that can support full power transmission reported by UE, the power scaling factor is 1;
· For other TPMIs, 
· if full power transmission is supported by the combination of any two ports, the power scaling factor is min{1,2 #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI };
· otherwise, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
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Appendix: Link-level simulation assumption
	Parameters
	Values

	Waveform
	CP-OFDM

	Carrier frequency
	4GHz

	PUSCH scheduled bandwidth
	4PRB

	Channel model
	CDL_C

	UE antenna configuration
	2/4

	BS antenna configuration
	4

	Transmission rank
	Rank-1/rank-2

	Link adaption
	On

	Mobile speed
	3 km/h

	Receiver
	MMSE

	phase shift across non-coherent antenna groups
	Random with uniform distribution within ： [-180，180]
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Rel.15 PC-CBS(TPMI=0-11), PC 1
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Rel.15 PC-CBS(TPMI=0-11), PC 1
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