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Introduction
For Rel-16, the solutions on further full power enhancement have been discussed in recent RAN1 meetings. With the following working assumption made in RAN1#97[1], this issue has been converged as two modes. In the following meeting RAN1#98[2], details on these two modes were discussed and agreements were reached as listed in section 2.
	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 


We discuss the pending details on full power enhancement for codebook based PUSCH transmission in this contribution.
Discussion on Full TX Power for UL transmission for Rel-16
For Mode 1, the UE can be configured with one or more SRS resources with same number of SRS ports within an SRS resource set which usage is set to ‘codebook’. It only needs some further codebook extension, while PA assumption and power scaling scheme are kept the same as in Rel-15.
For 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’. It does not need the further codebook extension, but needs power capability report per TPMI or TPMI group to support higher power scaling factor(s) compared to Rel-15. 
Observation 1: 
· Mode 1 is supposed to support UE capability 2 which has no Tx chain with full rated PA, e.g. via non-virtualized port; 
· Mode 2 is supposed to support UE capability 2, e.g. via virtualized port;
· Mode 2 is also supposed to support capability 3 UE which has part of Tx chains with full rated PAs; 
· UE Capability 1 which has full rated PA on each Tx chain could obviously be supported via mode 2, as a special case of UE capability 3.
In our views, 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 1: UE can report the capabilities for supporting of Mode 1 and/or Mode 2, and can be configured to initialize either Mode 1 or Mode 2 procedure accordingly.
· Note that UE capability 1 can be reported through indicating full Tx power for all candidate TPMI/TPMI group(s) in the capability reporting of Mode 2, i.e., as a special case of UE capability 3.
Remaining issues on Mode 1
According to the following agreements made in RAN1 #98, non-coherent UEs with both 2 Tx and 4Tx can reach full power with the new codebook subset. 
	Agreement
For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission

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


1.1.1  Scheme of codebook subset extension
The remaining issues about new candidate codebook subset are as follows:
· Issue #1: The candidate new codebook subset for 4Tx partial-coherent UE
· Issue #2: FFS for the case that part of ports can deliver full power transmission (for 4Tx non-coherent UE)
Regarding issue #1, any precoder with 4 NZP ports can support full rated power. But the ability of partial coherent UE which is to control relative phase between (coherent) antenna ports must be taken into account. Specifically, although the relative phase cannot be controlled between port groups [0, 2] and [1, 3], the relative phase could be controlled between ports within the group.
· For 1 layer, partial-coherent UE, 4 antenna ports
· 








 TPMI 12, 13,...,19 are needed, which can be explained as precoders , , , ，，，，respectively, where  can be any phase that UE may generate.
Proposal 2: For partial-coherent UE in mode 1, TPMI 12, 13,...19 for 1 layer, 4 antenna ports should be allowed.
· Note that these allowed TPMIs should be explained as the corresponding precoders which can reflect the uncertain relative phase of antenna ports.
In case of issue #2, if the TPMI(s) with part of ports can deliver full power transmission, it needs power capability report for such TPMI(s) as in mode 2. Taking into account that this case can be well supported in Mode 2, the usages and benefits of further supporting TPMI with part of NZP ports reaching full rated power in Mode 1 should be fully evaluated. 
1.1.2  Power scaling factor for Mode 1
The following agreement was made in RAN #98.
	Agreement
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 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.


Mode 1 only needs to support the PA capability same as that in Rel-15, so Alt1 is a straightforward scheme which can be a baseline. But we notice that:
· For 4Tx UE, if configured SRS port number is 1, the power scaling factor is 1 which is agreed in Rel-15. In this case, port virtualization may be considered.
· For 4Tx UE, if configured SRS port number is 2, the power scaling factor is 2/4, and each antenna port can reach at most 1/4 of full rated power. In this case, port virtualization should be also considered, that means each antenna port should support at most 1/2 of full rated power which can be realized by Alt3. 
Therefore, Alt3 is more reasonable than Alt1.
For the other alternatives, the motivation for Alt2 is not clear; Alt4 is too complex for Mode 1; Alt5 depends on the new codebook subsets which are not stable and Alt5 is not a concrete way for standardization. 
Proposal 3: For power scaling factor scheme in mode 1, Alt3 made in RAN1 #98 should be supported.
· Alt3: power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
Remaining issues on Mode 2
The following agreements were reached in RAN1 #98.
	Agreement
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 

Agreement
· 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’


The following schemes for mode 2 should be specified:
· Scheme on how to deliver power capability per TPMI from UE to gNB
· Scheme on how to indicate SRI and TPMI and number of layers from gNB to UE
1.1.3  Scheme to deliver power capability per TPMI from UE to gNB
For non-coherent 2 port UE, it has been agreed to deliver the power information for TPMI 0 and 1. The remaining issue is the details on UE capability signalling which should be designed in a uniform way as for non-coherent 4 port UE.
For 4 port UE, as shown in table 1, we have
· For non-coherent UE, there are 11 TPMIs which need to be determined through power capability report.
· For partial-coherent UE, there are 13 TPMIs or TPMI groups which need to be determined through power capability report. 
Table 1 TPMI precoders which need power capability report for non-coherent/partial-coherent 4 port UE
	
	Rank 1
	Rank 2
	Rank 3

	Non-coherent UE
	TPMI: 0, 1, 2, 3




, , , 

	TPMI: 4, 5, 6, 7, 8, 9






, , , , , 
	TPMI: 0



	Partial-coherent UE
	TPMI: 0, 1, 2, 3, {4, 5, 6, 7}, {8, 9, 10, 11}




, , , ,

,


	TPMI: 4, 5, 6, 7, 8, 9






, , , , , 
	TPMI: 0




There are 3 options to report power capability for the above TPMIs:
· Option 1: A bitmap is used to report power capability, and each bit corresponds to a TPMI or a group of TPMIs; the candidate bit value could be: 1- support full rated power, 0- not support full rated power.
· 11 bits are enough for both non-coherent and partial-coherent 4 port UE. 
· Notice that, for partial-coherent UE, TPMI =5 for rank2 shares the same power capability as TPMI = {4, 5, 6, 7} for rank1, and TPMI =8 for rank 2 shares the same power capability as TPMI = {8, 9, 10, 11} for rank1.
· Option 2: Full power capability value is only reported for each single-port-selection TPMI(s), which is TPMI = 0, 1, 2, 3 for rank1. Every 2-bit corresponding to a single port selection TPMI in order, and the codepoint of 2-bit value represents: ‘00’- 1/4 of full rated power, ‘01’- 1/2 of full rated power, ‘10’ - full rated power, ‘11’ - reserved.
· 8 bits are needed for both non-coherent and partial-coherent 4 port UE. 
· Notice that the power capabilities of TPMI = {4, 5, 6, 7}, {8, 9, 10, 11} for rank1, TPMI= 4, 5, 6, 7, 8, 9 for rank2 and TPMI = 0 for rank3 can be deduced with power capabilities of TPMI = 0, 1, 2, 3 for rank1. Specifically, 
· Identify the NZP port set {pi,,..., pj} for the target TPMI, where pi, pj refer to different ports;
· Since the transmit power of each NZP power port should be the same, the maximum Tx power of the target TPMI is: number of NZP ports * min{maximum Tx power for each NZP port within port set {pi,,..., pj}}
· This value for the maximum Tx of the target TPMI should not exceed 1.
· For example: If the power capabilities of TPMI precoders [0, 1, 0, 0]T and [0, 0, 0, 1]T are 1 and 1/2 respectively, the power capability of TPMI [0, 1, 0, j]T can be deduced as 1; If the power capabilities of TPMI precoders [0, 1, 0, 0]T and [0, 0, 0, 1]T are 1 and 1/4 respectively, the power capability of TPMI [0, 1, 0, j]T can be deduced as 1/2.
· Option 3: Power capability value is reported per pre-defined TPMI configuration pattern across multiple port(s)/PA(s), in order to achieve overhead reduction of UE capability reporting
· 2 bits are needed for both non-coherent and partial-coherent 4 port UE to report one of 4 patterns. Specifically, we have
· Pattern1: only TPMI 0 for rank1 support full rated power;
· Pattern2: only TPMI 0 and 1 for rank1 support full rated power;
· Pattern3: only TPMI 0 and 2 for rank1 support full rated power;
· Pattern4: TPMI 0, 1, 2 and 3 for rank1 support full rated power.
· Notice that the power capabilities of other TPMI for rank1, rank 2 and rank3 can be deduced with power capabilities of part or all of TPMI = 0, 1, 2, 3 for rank1 through the scheme mentioned in the Option 2. Also, if a given TPMI doesn’t support full rated power, it should be assumed that the corresponding port only supports 1/4 of full rated power.
Proposal 4: To report power capability for TPMI(s) in mode2 for 4 TX UE, downselect one from the following options:
· Option 1: A bitmap is used to report power capability, and each bit corresponds to a TPMI or a group of TPMIs
· The candidate bit value could be: 1- support full rated power; 0- not support full rated power.
· Note that 11 bits are enough for both non-coherent and partial-coherent 4 port UE. 
· Option 2: Power capability value is only reported for each single-port-selection TPMI(s), which is TPMI = 0, 1, 2, 3 for rank1.
· Every 2-bit corresponding to a single port selection TPMI in order, and the codepoint of 2-bit value represents: ‘00’- 1/4 of full rated power, ‘01’- 1/2 of full rated power, ‘10’ - full rated power, ‘11’ – reserved
· Note that 8 bits are needed for both non-coherent and partial-coherent 4 port UE. 
· Notice that the power capabilities of other TPMI can be deduced with the reported power capabilities of single port selected TPMIs for rank1.
· Option 3: Power capability value is reported per pre-defined TPMI configuration pattern across multiple port(s)/PA(s).
· 2 bits are needed for both non-coherent and partial-coherent 4 port UE to report one of 4 patterns.
· Pattern1: only TPMI 0 for rank1 support full rated power;
· Pattern2: only TPMI 0 and 1 for rank1 support full rated power;
· Pattern3: only TPMI 0 and 2 for rank1 support full rated power;
· Pattern4: TPMI 0, 1, 2 and 3 for rank1 support full rated power.
If a UE with 4 antenna ports also supports 2 virtualized antenna ports implementation, the UE should additionally report the power capability for 2-port TPMIs. 
As for one port, no matter it is virtualized or not, it should support full power and needs no power capability report.
1.1.4  Scheme to indicate SRI and TPMI and number of layers from gNB to UE
It has been agreed that a maximum of 4 SRS resources are supported in mode 2 for usage set to ‘codebook’ in a SRS resource set. The size of SRI field in DCI for codebook based PUSCH which depends on higher layer parameters is at most 2 bits which indicates one of at most 4 SRS resources in one SRS resource set.
Regarding the DCI field of precoding information and number of layers, the required number of bits depends on number of SRS ports and maximum number of layers the UE can support. For 1 port, there is no precoding information and number of layers field. For 2 port and 4 ports, the size of precoding information and number of layers field depends on the maximum of layers UE supports. 
But in mode 2 the number of ports is indicated through SRI in DCI, it is not proper to determine the size of one field in DCI depending on another field in the same DCI. The straightforward extension is to determine the size of precoding information and number of layers field in DCI based on the maximum number of ports among the SRS resources in one SRS resource set with usage of codebook. 
Proposal 5: To determine the size of precoding information and number of layers field in DCI based on the maximum number of ports among the SRS resources in the SRS resource set with usage of codebook.
1.1.5  power scaling factor for mode 2
Some alternatives were reached in RAN1 #98 as follows.
	Agreement
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

Agreement
For a capability 1 UE working with full power operations, for PUSCH power control, power scaling factor is fixed to 1


Mode2 needs to support different PA capabilities based on UE report. So Alt3 is not flexible enough. Alt2 is not clear. Alt4 is too complex.
With the method for mode 2 discussed above, power capability of all TPMIs in UE can be known to gNB. So the power scaling factor for UE in mode 2 should depend on the power capability for each TPMI.
Proposal 6: For power scaling factor scheme in mode 2, Alt1 made in RAN1 #98 should be supported.
· Alt1: power scaling factor is determined by the reported TPMI precoders. 
Conclusions
In this contribution, we analyzed the full power scheme for NR Rel-16 power control and provide observation and proposals as follows.
Observation 1: 
· Mode 1 is supposed to support UE capability 2 which has no Tx chain with full rated PA, e.g. via non-virtualized port; 
· Mode 2 is supposed to support UE capability 2, e.g. via virtualized port;
· Mode 2 is also supposed to support capability 3 UE which has part of Tx chains with full rated PAs; 
· UE Capability 1 which has full rated PA on each Tx chain could obviously be supported via mode 2, as a special case of UE capability 3.
Proposal 1: UE can report the capabilities for supporting of Mode 1 and/or Mode 2, and can be configured to initialize either Mode 1 or Mode 2 procedure accordingly.
· Note that UE capability 1 can be reported through indicating full Tx power for all candidate TPMI/TPMI group(s) in the capability reporting of Mode 2, i.e., as a special case of UE capability 3.
Proposal 2: For partial-coherent UE in mode 1, TPMI 12, 13,...19 for 1 layer, 4 antenna ports should be allowed.
· Note that these allowed TPMIs should be explained as the corresponding precoders which can reflect the uncertain relative phase of antenna ports.
Proposal 3: For power scaling factor scheme in mode 1, Alt3 made in RAN1 #98 should be supported.
· Alt3: power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
Proposal 4: To report power capability for TPMI(s) in mode2 for 4 TX UE, downselect one from the following options:
· Option 1: A bitmap is used to report power capability, and each bit corresponds to a TPMI or a group of TPMIs
· The candidate bit value could be: 1- support full rated power; 0- not support full rated power.
· Note that 11 bits are enough for both non-coherent and partial-coherent 4 port UE. 
· Option 2: Power capability value is only reported for each single-port-selection TPMI(s), which is TPMI = 0, 1, 2, 3 for rank1.
· Every 2-bit corresponding to a single port selection TPMI in order, and the codepoint of 2-bit value represents: ‘00’- 1/4 of full rated power, ‘01’- 1/2 of full rated power, ‘10’ - full rated power, ‘11’ – reserved
· Note that 8 bits are needed for both non-coherent and partial-coherent 4 port UE. 
· Notice that the power capabilities of other TPMI can be deduced with the reported power capabilities of single port selected TPMIs for rank1.
· Option 3: Power capability value is reported per pre-defined TPMI configuration pattern across multiple port(s)/PA(s).
· 2 bits are needed for both non-coherent and partial-coherent 4 port UE to report one of 4 patterns.
· Pattern1: only TPMI 0 for rank1 support full rated power;
· Pattern2: only TPMI 0 and 1 for rank1 support full rated power;
· Pattern3: only TPMI 0 and 2 for rank1 support full rated power;
· Pattern4: TPMI 0, 1, 2 and 3 for rank1 support full rated power.
Proposal 5: To determine the size of precoding information and number of layers field in DCI based on the maximum number of ports among the SRS resources in the SRS resource set with usage of codebook.
Proposal 6: For power scaling factor scheme in mode 2, Alt1 made in RAN1 #98 should be supported.
· Alt1: power scaling factor is determined by the reported TPMI precoders. 
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