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1. [bookmark: _Ref521334010]Introduction
In previous meetings, majority of issues on UL full power transmission were resolved. There are still some open issues such as the reporting of TPMI(s) which can deliver full power in Mode 2. In this contribution, we discuss the remaining issues and give our preferences, as well as some text proposals to update the specification.
2. TPMI indication signaling
In RAN1 #99 meeting, the following agreements on TPMI indication signaling for mode 2 have been achieved:
	Agreement
For 2 ports, number of bits to indicate TPMI(s) which can deliver UL full power: 
· 2 bits (bitmap)
· Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
Agreement
For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
· Non Coherent 2 bits
· Partial coherent 4 bits
· Additional entries on top of existing entries may be added to table 1 and table 2
· Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
Table 1.
	4Tx, nonCoherent
	4Tx, partial coherent (4bit)

	G0
	G0

	G1
	G1

	G2
	G2

	G3
	G3

	
	G4

	
	G5

	
	G6

	
	



Definition of G0~G6 can be found in the table below.
Table 2.

[image: ]


One open issue is whether the full power TPMI reporting for 2 ports and/or 4 ports is optional or not. According to the power scaling rule for Mode 2, if at least one SRS resource with single port is configured in the SRS resource set with usage set to ‘codebook’, full power UL transmision can be achieved when a SRS resource with single port is indicated by SRI. Hence, full power transmission can be achieved by Mode 2 even when there is no precoder can deliver UL full power.
Proposal 1: 	
· UE capability reporting on TPMI(s) which can deliver UL full power in Mode 2 is optional.
A UE supports 4-port SRS transmission can be scheduled to transmit PUSCH corresponding to a 1-/2-/4-ports SRS resource. It is benefit for the UE to report its capability on 4 ports TPMI(s) that can deliver UL full power, if any. One question is whether 2 ports TPMI(s) that can deliver UL full power should be reported? Let’s take a UE with 23dBm+23dBm+20dBm+17dBm as an example. As shown in Table 1, there are several different ways to virtualize the four antennas into two antenna ports. It can be seen that even if UE’s PA structure is known, it is difficult to derive which antenna virtualization is used by the UE when a 2 ports SRS resource is transmitted. In order to provide more UE implementation flexibility, capability reporting on 2 ports TPMI(s) that can deliver UL full power should be supported by a 4 Tx UE.
Proposal 2: 
· UE capability reporting on 2 ports TPMI(s) which can deliver UL full power in Mode 2 is supported by a 4 Tx UE.
Table 1 2 ports antenna virtualization for a UE with 23dBm+23dBm+20dBm+17dBm
	Ports that can deliver UL full power for 2 ports SRS transmission
	Possible antenna virtualization

	no
	Port 0: 20dBm，Port 1: 17dBm；
Port 0: 17dBm，Port 1: 20dBm；

	0
	Port 0: 23dBm，Port 1: 20dBm；
Port 0: 23dBm，Port 1: 20dBm+17dBm；
Port 0: 23dBm+23dBm，Port 1: 20dBm；
Port 0: 23dBm+23dBm，Port 1: 20dBm+17dBm；
Port 0: 23dBm+17dBm，Port 1: 20dBm；
Port 0: 23dBm+17dBm，Port 1: 20dBm+17dBm；

	1
	Port 0: 20dBm，Port 1: 23dBm；
Port 0: 20dBm+17dBm，Port 1: 23dBm；
Port 0: 20dBm，Port 1: 23dBm+23dBm；
Port 0: 20dBm+17dBm，Port 1: 23dBm+23dBm；
Port 0: 20dBm，Port 1: 23dBm+17dBm；
Port 0: 20dBm+17dBm，Port 1: 23dBm+17dBm；

	0，1
	Port 0: 23dBm，Port 1: 23dBm；
Port 0: 23dBm，Port 1: 23dBm+20dBm；
Port 0: 23dBm，Port 1: 23dBm+17dBm；
Port 0: 23dBm+20dBm，Port 1: 23dBm；
Port 0: 23dBm+20dBm，Port 1: 23dBm+17dBm；
Port 0: 23dBm+17dBm，Port 1: 23dBm；
Port 0: 23dBm+17dBm，Port 1: 23dBm+20dBm；



Mode 2 is mainly designed for UEs with none or a subset of PAs deliver full power transmission (category 2 UE and category 3 UE) to support full Tx power in UL transmission. Typical PA structures should be considered for full power TPMI group reporting. In Table 1, TPMI groups (G1 and G2) for 4 Tx non-coherent UEs with 2 or 3 full-rated PAs have been included. However, the cases for 4 Tx partial-coherent UEs with 2 or 3 full-rated PAs are not included. For a 4Tx partial-coherent UE with 2 full-rated PAs, all the TPMIs in G1 and G4 can deliver full power. For a 4Tx partial-coherent UE with 3 full-rated PAs, all the TPMIs in G2 and G5 can deliver full power. Hence, TPMI groups with G1+G4 and G2+G5 should be included in the TPMI reporting table for 4 ports, partial-coherent.
Proposal 3: 
· For the TPMI group reporting in mode 2, support two additional groups G7 and G8 as the union set of G1 and G4, the union set of G2 and G5 respectively for 4 ports partial-coherent UEs.
3. TPs for specifications
3.1. TP for TS38.213
In TS38.213, it is specified that when ULFPTx(ul-FullPowerTransmission-r16) in PUSCH-Config is provided, the UE scales  by . One case that has not been clearly defined is for mode 1 when all SRS resources are single port. According to the meeting agreement, the power scaling rule of Mode 1 is the same as Rel. 15, including single port SRS, i.e. if all the SRS resources has one SRS ports, . We propose to capture this case in the spec (e.g. mode 1 when all SRS have single port).
Proposal 4: 
· In TS 38.213, capture the following case, where power scaling is the same as Rel.15.
· Mode 1 is configured and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has one SRS port.
The corresponding TP for proposal 4 is as follows. In the TP, the RRC parameter names that not aligned with TS38.331 are corrected.
[bookmark: _Toc36498141]-------------------------------------------------- Start of text proposal ------------------------------------------------------
7.1	Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: ], as described in Clause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-	if ul-FullPowerTransmission-r16ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales  by  where:
-	if ul-FullPowerTransmission-r16ULFPTxModes in PUSCH-Config is set to 'fullpowerMode1'Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port',  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-	if ul-FullPowerTransmission-r16ULFPTxModes in PUSCH-Config is set to 'fullpoweMode2'Mode2,  for full power TPMIs reported by the UE [16, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to 'codebook', or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', and 
-	if ULFPTxModes in PUSCH-Config is not providedotherwise, 
-	else, if 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. 
-------------------------------------------------- Start of text proposal ------------------------------------------------------
3.2. TP for TS38.214
For mode 2, it is specified in TS38.214 that ‘up to 2 different spatial relations (maxNumberConfiguredSpatialRelations) can be configured for all SRS resources with usage set to ‘codebook’’. It is ambiguous. Only one spatial relation can be configured when only one SRS resource is configured, it should be clarified that when multiple SRS resources are configured in SRS-ResourceSet with usage set to 'codebook', up to 2 different spatial relations can be configured for all SRS resources.
Proposal 5: 
· In TS 38.214, clarify that when multiple SRS resources are configured in SRS-ResourceSet with usage set to 'codebook', up to 2 different spatial relations can be configured for all SRS resources.
The corresponding TP for proposal 5 is as follows. In the TP, the RRC parameter names that not aligned with TS38.331 are corrected.
[bookmark: _Toc26719407][bookmark: _Toc20311582][bookmark: _Toc12021470][bookmark: _Ref505248562]-------------------------------------------------- Start of text proposal ------------------------------------------------------
[bookmark: _Toc11352140][bookmark: _Toc20318030][bookmark: _Toc27299928][bookmark: _Toc29673201][bookmark: _Toc29673342][bookmark: _Toc29674335]6.1.1.1	Codebook based UL transmission
<Text omitted>
For codebook based transmission, the UE may be configured with a single SRS-ResourceSet with usage set to 'codebook' and only one SRS resource can be indicated based on the SRI from within the SRS resource set. Except when higher layer parameter ul-FullPowerTransmission-r16ULFPTxModes is set to ' fullpoweMode2Mode 2', the maximum number of configured SRS resources for codebook based transmission is 2. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodic SRS resources. 
The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.
The DM-RS antenna ports [image: ] in Clause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Clause 7.3.1.1.2 of [5, TS 38.212].
Except when higher layer parameter ul-FullPowerTransmission-r16ULFPTxModes is set to ' fullpoweMode2Mode 2', when multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
When higher layer parameter ul-FullPowerTransmission-r16ULFPTxModes is set to 'fullpoweMode2'‘Mode 2’, 
-	the UE can be configured with one SRS resource or multiple SRS resources with same or different number of SRS ports within an SRS resource set with usage set to '‘codebook'’.
-	up to 2 different spatial relations (maxNumberConfiguredSpatialRelations) can be configured for all SRS resources in the SRS resource set with usage set to '‘codebook'’ when multiple SRS resources are configured in the SRS resource set. 
<Text omitted>
-------------------------------------------------- End of text proposal ------------------------------------------------------
4. Conclusion
In this contribution, we provided our views on the remaining issues of Rel. 16 UL full power transmission and provide some text proposals to update the specification. We propose that:
Proposal 1: 	
· UE capability reporting on TPMI(s) which can deliver UL full power in Mode 2 is optional.
Proposal 2: 
· UE capability reporting on 2 ports TPMI(s) which can deliver UL full power in Mode 2 is supported by a 4 Tx UE.
Proposal 3: 
· For the TPMI group reporting in mode 2, support two additional groups G7 and G8 as the union set of G1 and G4, the union set of G2 and G5 respectively for 4 ports partial-coherent UEs.
Proposal 4: 
· In TS 38.213, capture the following case, where power scaling is the same as Rel.15.
· Mode 1 is configured and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has one SRS port.
The corresponding TP for proposal 4 is as follows. In the TP, the RRC parameter names that not aligned with TS38.331 are corrected.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
7.1	Physical uplink shared channel
For a PUSCH transmission on active UL BWP [image: ], as described in Clause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-	if ul-FullPowerTransmission-r16ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales  by  where:
-	if ul-FullPowerTransmission-r16ULFPTxModes in PUSCH-Config is set to 'fullpowerMode1'Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port',  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-	if ul-FullPowerTransmission-r16ULFPTxModes in PUSCH-Config is set to 'fullpoweMode2'Mode2,  for full power TPMIs reported by the UE [16, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by SRI if more than one SRS resources are configured in the SRS-ResourceSet with usage set to 'codebook', or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', and 
-	if ULFPTxModes in PUSCH-Config is not providedotherwise, 
-	else, if 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. 
-------------------------------------------------- Start of text proposal ------------------------------------------------------
Proposal 5: 
· In TS 38.214, clarify that when multiple SRS resources are configured in SRS-ResourceSet with usage set to 'codebook', up to 2 different spatial relations can be configured for all SRS resources.
The corresponding TP for proposal 5 is as follows. In the TP, the RRC parameter names that not aligned with TS38.331 are corrected.
-------------------------------------------------- Start of text proposal ------------------------------------------------------
6.1.1.1	Codebook based UL transmission
<Text omitted>
For codebook based transmission, the UE may be configured with a single SRS-ResourceSet with usage set to 'codebook' and only one SRS resource can be indicated based on the SRI from within the SRS resource set. Except when higher layer parameter ul-FullPowerTransmission-r16ULFPTxModes is set to ' fullpoweMode2Mode 2', the maximum number of configured SRS resources for codebook based transmission is 2. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodic SRS resources. 
The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.
The DM-RS antenna ports [image: ] in Clause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Clause 7.3.1.1.2 of [5, TS 38.212].
Except when higher layer parameter ul-FullPowerTransmission-r16ULFPTxModes is set to ' fullpoweMode2Mode 2', when multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
When higher layer parameter ul-FullPowerTransmission-r16ULFPTxModes is set to 'fullpoweMode2'‘Mode 2’, 
-	the UE can be configured with one SRS resource or multiple SRS resources with same or different number of SRS ports within an SRS resource set with usage set to '‘codebook'’.
-	up to 2 different spatial relations (maxNumberConfiguredSpatialRelations) can be configured for all SRS resources in the SRS resource set with usage set to '‘codebook'’ when multiple SRS resources are configured in the SRS resource set. 
<Text omitted>
-------------------------------------------------- End of text proposal ------------------------------------------------------
[bookmark: _GoBack]
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TPMI Groups   

G0  1 2 ൦ 1 0 0 0 ൪  

G1  { 1 2 ൦ 1 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 ൪ }   { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ }  

G2  { 1 2 ൦ 1 0 0 0 ൪ , 1 2 ൦ 0 1 0 0 ൪ , 1 2 ൦ 0 0 1 0 ൪ }   :  1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G3  { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G4  { 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ } ; 1 2 ൦ 1 0 0 0 0 1 0 0 ൪  

G5  { 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ } ; { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ } :  1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

G6  ൞ 1 2 ൦ 1 0 1 0 ൪ , 1 2 ൦ 1 0 − 1 0 ൪ , 1 2 ൦ 1 0 𝑗 0 ൪ , 1 2 ൦ 1 0 − 𝑗 0 ൪ ൢ ; { 1 2 ൦ 0 1 0 1 ൪ , 1 2 ൦ 0 1 0 − 1 ൪ , 1 2 ൦ 0 1 0 𝑗 ൪ , 1 2 ൦ 0 1 0 − 𝑗 ൪ } ;   { 1 2 ൦ 1 0 0 0 0 1 0 0 ൪ , 1 2 ൦ 0 0 1 0 0 0 0 1 ൪ , 1 2 ൦ 1 0 0 1 0 0 0 0 ൪ , 1 2 ൦ 1 0 0 0 0 0 0 1 ൪ , 1 2 ൦ 0 0 1 0 0 1 0 0 ൪ , 1 2 ൦ 0 0 0 0 1 0 0 1 ൪ } ; 1 2 ൦ 1 0 0 0 1 0 0 0 1 0 0 0 ൪  

 



3GPP TSG RAN WG1 


Meeting #


100


bis


                                    


R1


-


2002092


 


e


-


Meeting, 


April


 


2


0


th


 


–


April


 


30


th


, 2020


 


 


Source:


 


CATT


 


Title:


 


Remaining issues on UL full power 


transmission


 


Agenda Item:


 


7.2.


6


.4


 


Document for:


 


Discussio


n


 


and Decision


 


 


1.


 


Introduction


 


In 


previous meetings


, majority of issues on 


UL full power transmission 


were 


resolved


. There are still some open 


issues 


such as the 


reporting of TPMI(s) which 


can


 


deliver full power in 


M


ode 2


. In this contribution, we discuss 


the 


remaining issues 


and give our preference


s


, as well as


 


some text proposals to update the specification.


 


2.


 


TPMI 


indication signaling


 


In RAN1 #99 meeting, the following agreements on TPMI 


indication signaling for mode 2 have been achieved:


 


Agreement


 


For 2 ports, number of bits to indicate TPMI(s) which can deliver UL full power: 


 


·


 


2 


bits (bitmap)


 


·


 


Whether is this capability reporting is optional or not will be discussed as part of UE 


capability 


discussions


 


Agreement


 


For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:


 


·


 


Non Coherent 2 bits


 


�


 


Partial coherent 4 bits


 


o


 


Additional entries on top of 


existing entries


 


may be added to table 1 and table 2


 


·


 


Whether is this 


capability reporting is optional or not will be discussed as part of UE capability 


discussions


 


Table 1.


 


4Tx, nonCoherent


 


4Tx, partial coherent (4bit)


 


G0


 


G0


 


G1


 


G1


 


G2


 


G2


 


G3


 


G3


 


 


G4


 


 


G5


 


 


G6


 


 


 


 


Definition of G0~G6 can be found in the table below.


 


Table


 


2.


 


 




3GPP TSG RAN WG1  Meeting # 100 bis                                      R1 - 2002092   e - Meeting,  April   2 0 th   – April   30 th , 2020     Source:   CATT   Title:   Remaining issues on UL full power  transmission   Agenda Item:   7.2. 6 .4   Document for:   Discussio n   and Decision     1.   Introduction   In  previous meetings , majority of issues on  UL full power transmission  were  resolved . There are still some open  issues  such as the  reporting of TPMI(s) which  can   deliver full power in  M ode 2 . In this contribution, we discuss  the  remaining issues  and give our preference s , as well as   some text proposals to update the specification.   2.   TPMI  indication signaling   In RAN1 #99 meeting, the following agreements on TPMI  indication signaling for mode 2 have been achieved:  

Agreement   For 2 ports, number of bits to indicate TPMI(s) which can deliver UL full power:       2  bits (bitmap)      Whether is this capability reporting is optional or not will be discussed as part of UE  capability  discussions   Agreement   For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:      Non Coherent 2 bits      Partial coherent 4 bits   o   Additional entries on top of  existing entries   may be added to table 1 and table 2      Whether is this  capability reporting is optional or not will be discussed as part of UE capability  discussions   Table 1.  

4Tx, nonCoherent  4Tx, partial coherent (4bit)  

G0  G0  

G1  G1  

G2  G2  

G3  G3  

 G4  

 G5  

 G6  

  

  Definition of G0~G6 can be found in the table below.   Table   2.    

