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Introduction
In the previous meeting, the following agreements were achieved for mode 1 and mode 2 [1]：
	Agreement
For 2Tx in mode 1, 
· For rank=1, TPMI=2, TPMI=0, TPMI=1 are included in new codebook subset for non-coherent UEs with power scaling defined as in [38.213] Rel-15 
· For rank=2, TPMI=0 is included in the new codebook subset
Agreement
For full power uplink transmission Mode 1, 4TX partial-coherent, the new codebook subset includes
· Rank1(CP-OFDM): TPMI = 12,13,14,15 
· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15
· FFS: TPMI=16, 17, 18, 19
· FFS: Whether clarification on which port pairs are coherent is needed
Agreement
For Mode 1 4TX, for non-full power uplink transmission, antenna selection precoders are included in the new codebook subset following Rel-15 power scaling factor
· FFS: Whether to include antenna selection precoders for full power uplink transmission

Agreement
For Mode2, 
· Power scaling factor is equal to 1 for the reported TPMI precoders that supports full power Tx
· for the other TPMI precoders, if only one SRS resource is configured, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports
· for the other TPMI precoders, the power scaling factor is determined by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI

Agreement
· Support RRC configuration to operate in Mode1 or Mode2 subject to UE capability 
· For UE capabilty-2 and-3, gNB can configure a UE to operate in Mode 1 or Mode 2 subject to UE capability
· Note : if UE only supports Mode 1 gNB cannot configure this UE to operate in Mode 2, if UE only supports Mode 2 gNB cannot configure this UE to operate in Mode 1
· FFS: UE capability signaling discussion
· Note: capability-1 UE can be configured with RRC parameter “ULFPTx” to deliver UL full power has been agreed, exact parameter name is up to RAN2
· If gNB does not configure UE for Rel-16 full power UL transmission, Rel-16 UEs operate in Rel-15 behavior


After last meeting, the following two RRC parameters for UL full power transmission have been endorsed during the email discussion: 
	ULFPTx
	gNB configures UE to support UL full power transmission
	{enabled}
	per CC or UL BWP
(TBD in RAN1#99)
	　

	ULFPTxModes 
	gNB configures UE to support UL full power transmission with Mode1 or Mode2. Note 1: whether this can be combined in ULFPTx or not is up to RAN2. Note 2: if ULFPTx is configured while ULFPTxModes is not configured, UE delivers full power in another operation mode other than mode 1 and mode 2.
	{Mode1, Mode2}
	per CC or UL BWP (TBD in RAN1#99)
	If UE only supports Mode 1 gNB cannot configure this UE to operate in Mode 2, if UE only supports Mode 2 gNB cannot configure this UE to operate in Mode 1


In this contribution, we provide our views on the remaining issues of UL full power transmission, including UE capability reporting and remaining issues on mode 1.
UE capability reporting
Category 1 UE
For a category 1 UE, each PA is full power. A category 1 UE operates with Rel.15 codebook, which includes all precoders in mode 1/2 codebook subset. It should be possible for a category 1 UE to also operate in mode1 or 2 (designed targeting lower category UE 2/3 with non-full power PA). From a pure UE capability perspective there is nothing preventing a category 1 UE from doing so. Whether NW configures the category 1 UE to operate in mode 1 or 2 should be left to NW choice. For instance, NW may choose to configure category 1 UE to operate in mode 1 to take advantage of the low DCI overhead and coverage improvement in control channel, which is beneficial for cell-edge UE.
Proposal 1: 
· A category 1 UE should be allowed to be configured to operate in mode 1 or mode 2.
Category 2 UE: full power TPMIs indication
A UE supporting capability 2 or capability 3 can be seen as a category 2 UE. According to previous meeting agreements, for mode 2, the UE can report a set of antenna-selection TPMIs that can deliver full power when the SRS resource for PUSCH is configured with more than one port. From the simulation results in [2], it can be seen that the performance of mode 1 is improved by allowing a subset of antenna-selection TPMIs to transmit at full power. Hence, in order to make full use of UE’s transmission power, antenna-selection TPMIs that can support full power transmission in mode 1 should be reported.
For UL transmission with 4 ports, the power scaling factor for an antenna-selection TPMI that cannot support full power transmission is the same in mode 1 and mode 2. This implies that same mapping of PA and ports as that in mode 2 can be used in mode 1, same signaling on antenna-selection TPMIs that can support full power transmission for 4 ports can be used by mode 1 and mode 2. 
A method of TPMI reporting is to report the TPMI indices of antenna-selection precoders that can support full power transmission through bitmaps. A dedicated indication for each TPMI in UL codebook is not necessary. The reason is that any two TPMIs with the same antenna-selection profile (e.g. [ 1 0 1 0] T and [ 1 0 0 0; 0 0 j 0] T) can deliver the same maximum transmission power. By dividing antenna-selection TPMIs with the same antenna-selection profile into the same TPMI group, there are 11 TPMI groups for 4 ports transmission and 2 TPMI groups for 2 ports transmission. Table 1 and Table 2 provide the antenna-selection profiles of the TPMI groups for 4 ports and 2 ports respectively. Since full power transmission capability of each antenna-selection profile is reported by a bitmap, 11 bits for 4 ports and 2 bits for 2 ports are needed. 
Table 1 Antenna-selection profiles of precoders in the UL codebook for 4 ports
	
	
	
	
	
	
	
	
	
	
	



Table 2 Antenna-selection profiles of precoders in the UL codebook for 2 ports
	
	


If a 4Tx UE supporting mode 1 and mode 2 is configured with UL transmission with 2 ports, the power scaling factors for an antenna-selection TPMI that cannot support full power transmission are different in mode 1 and mode 2. Hence, different mappings of PAs and antenna ports can be used in mode 1 and mode 2, signaling on TPMI indication for mode 1 and mode 2 is needed should be reported respectively. Then, for a 4Tx UE supports both mode 1 and mode 2, up to 15 bits (11 bits for 4 ports + 2 bits for 2 ports in mode 1 +2 bits for 2 ports in mode 2) for TPMI reporting is needed.
In order to reduce the overhead of TPMI reporting, the UE can report 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). 
For any PA that is non-full-rated, the Rel.15 power scaling rule implicitly assumes that each PA has a maximum power that equals to the maximum total power divided by the number of PAs (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 PAs than this assumption, although still non-full-rated (e.g. 20dB PA for a 4Tx). Two prerequisites are necessary in order for these better PAs 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
Simulation results in [2] shows 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 simulation results, if the 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. 
By reporting the number of full rated PAs and whether full power transmission for TPMIs with at least 2 antenna ports non-zero are supported, the overhead of TPMI reporting is only 3 bits for a 4Tx UE supporting mode 1( 2 bits to indicate the number of full rated PAs + 1 bit to indicate whether full power transmission for TPMIs with at least 2 antenna ports non-zero are supported). If full-rated PAs are always mapped to the lowest antenna ports, for a 4Tx UE supports mode 1, the number of full rated PA is 0 means full power transmission is supported without full rated PA, the number of full rated PA is 1 means [1 0 0 0]T and [ 1 0] T can support full power transmission in mode 1. 
In RAN1 #98 meeting, it was agreed that TPMI indication is supported if one or more of [1 0]T and [0 1]T supports full power transmission in case of non-coherent with 2 ports for mode 2. TPMI indication for 2 ports in mode 2 can be reported by bitmaps. 
One example of the 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
3)Support full power transmission with [1 0]T and/or [ 0 1]T in mode 2
	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
If 3) is not reported, full power transmission is not supported by antenna-selection TPMIs with 2 ports  in mode 2

	2) is a signaling for 4 Tx only, 2) cannot be reported if  1) is not reported.



Signaling 1) and 2) can be applied to both mode 1 and mode 2. According to the signaling, antenna-selection TPMIs that can support full power transmission can be acquired through signaling 1) and 2) in case of 4 ports is configured for a 4Tx UE. If a UE with 23dBm+17dBm+17dBm+17dBm PAs supports only mode 1, it can report that the maximum number of full rated PAs is 1, signaling 2) and signaling 3) are not reported. If a UE with 23dBm+20dBm+20dBm+20dBm PAs supports both mode 1 and mode 2 with [1 0]T and [ 0 1]T supporting full power transmission in mode 2, it can report that the maximum number of full rated PAs is 1, TPMIs with at least 2 antenna ports non-zero can support full power transmission, and both [1 0]T and [ 0 1]T in mode 2 support full power transmission.
Proposal 2:
· For capability reporting for category 2 UE, the following signaling are supported
· 1) A signaling for the number of full rated PAs,
· 2) A signaling indicating that full power transmission is supported by the combination of any two ports,
· 3) A signaling indicating that one or more of [1 0]T and [0 1] T can support full power transmission in mode 2.
Notes: 
· Signaling 2) is applied to 4 Tx only;
·  Signaling 2) cannot be reported if 1) is not reported.  
Full power transmission schemes for mode 1
4Tx non-coherent UE
In RAN1 #98 meeting, rank 1 TPMI=13, rank 2 TPMI = 16, and rank 3 TPMI =1 defined in Rel. 15 were agreed to be included in the new codebook subset for 4Tx non-coherent UE. In RAN1 #98bis meeting, it was further agreed that for non-full power uplink transmission, antenna-selection precoders are included in the new codebook subset following Rel. 15 power scaling factor for mode 1 4Tx.
Evaluation results of different candidate codebook subsets for 4Tx UEs in [2] show that:
· If the power scaling factor for each TPMI is determined according to UE’s actual PA capability(allowing antenna ports corresponding to full-rated PAs to transmit with full power),  
· Compared with the CBS with only agreed TPMIs included, 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.
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. In RAN1 #98bis meeting, the following agreement was achieved on the new codebook subset for 4Tx partial-coherent:
	Agreement
For full power uplink transmission Mode 1, 4TX partial-coherent, the new codebook subset includes
· Rank1(CP-OFDM): TPMI = 12,13,14,15 
· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15
· FFS: TPMI=16, 17, 18, 19
· FFS: Whether clarification on which port pairs are coherent is needed


Evaluation results of different candidate codebook subsets for 4Tx partial-coherent UEs in [2] show that
· If the power scaling factor for each TPMI is determined according to UE’s actual PA capability,
· Compared with the CBS with only agreed TPMIs included, significant performance gain can be achieved by including antenna-selection TPMIs that can support full power transmission in the CBS. 
Based on the simulation results, for 4Tx partial-coherent UEs, it is beneficial to include antenna selection precoders in the new codebook subset which can also support full-power based on new power scaling rule. 
In Rel. 15, for a partial-coherent UE, the 1st port and the 3rd port are one coherent group, the 2nd port and the 4th port are another coherent group. For rank 1 PUSCH transmission with DFT-s-OFDM, all the intra-coherent-group co-phasing combinations in UL codebook([1 1] T, [1 -1] T, [1 j] T, [1 –j] T) are provided by TPMI = 12-15. All the intra-coherent-group co-phasing combinations in UL codebook also can be provided by TPMI = 16-19, with different combinations of intra-coherent-group co-phasing compared with TPMI= 12-15(e.g. for TPMI = 12, the co-phasing of the 1st port and the 3rd port is [1 1]T, the co-phasing of the 1st port and the 3rd port is [-1 1]T; for TPMI = 16, the co-phasing of the 1st port and the 3rd port is [1 1]T, the co-phasing of the 1st port and the 3rd port is -j*[1 1]T) provided.  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. Including additional co-phasing combining precoders in addition to the agreed TPMIs (TPMI= 12-15) is not necessary.
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 3:
· 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
· Do not include co-phasing combining precoders in addition to the agreed TPMIs;
· All the TPMIs in Rel. 15 partial-coherent codebook subset are included.
Proposal 4:
· For Mode 1, the following power scaling rule is used:
· Power scaling factor is equal to 1 for the antenna-selection TPMIs that supports full power transmission;
· Rel. 15 power scaling factor is used for other TPMIs.
RRC signaling
During the email discussion after RAN1 #98bis meeting, two RRC parameters for UL full power transmission have been endorsed: 
· ULFPTx is used to indicate UL full power transmission; and 
· ULFPTxModes is used to configure UL full power transmission with Mode1 or Mode2. 
The remaining issue of the RRC signaling is whether the two RRC parameters are configured per CC or per UL BWP. According to the current spec, both PUSCH-config and SRS-config are configured per BWP. In our opinion, ULFPTx and ULFPTxModes are only meaningful when the RRC signaling txConfig in PUSCH-config is set to ‘codebook’( i.e. for codebook based UL transmission), they can be configured per BWP as txConfig is.
Proposal 5:
· ULFPTx and ULFPTxModes are configured per BWP.
Conclusion
In this contribution, we discussed the remaining issues for uplink full transmission power. We propose that:
Proposal 1: 
· A category 1 UE should be allowed to be configured to operate in mode 1 or mode 2.
Proposal 2:
· For capability reporting for category 2 UE, the following signaling are supported:
· 1) A signaling for the number of full rated PAs,
· 2) A signaling indicating that full power transmission is supported by the combination of any two ports,
· 3) A signaling indicating that one or more of [1 0]T and [0 1] T can support full power transmission in mode 2.
Notes: 
· Signaling 2) is applied to 4 Tx only;
·  Signaling 2) cannot be reported if 1) is not reported.
Proposal 3:
· 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
· Do not include co-phasing combining precoders in addition to the agreed TPMIs;
· All the TPMIs in Rel. 15 partial-coherent codebook subset are included.
Proposal 4:
· For Mode 1, the following power scaling rule is used:
· Power scaling factor is equal to 1 for the antenna-selection TPMIs that supports full power transmission;
· Rel. 15 power scaling factor is used for other TPMIs.
Proposal 5:
· ULFPTx and ULFPTxModes are configured per BWP.
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