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In RAN #80 meeting [1], the following WI was approved as one of work items for NR MIMO Enhancements.
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
In RAN1 #94bis meeting [2], the following agreements were made on this WI:
Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. Decision will be made in RAN1#95:
Option 1: Refinement/adjustment of UL codebook is supported
•             1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
•             1-2: Introduce additional scaling factor for uplink codebook
Option 2: UE transparently apply a small cyclic or linear delay
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
•             Note: Full rated PA refers to a PA having power not lower than that of the power class
Option 4: Up to UE implementation (no specification impact)

In RAN1 #95 meeting [3], the following agreements were made on this WI:
Agreement 1: Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs
-	This specification support is a UE optional feature
-	FFS: Whether this applies for the entire codebook or subset of codebook
Agreement 2: Full TX power UL transmission, one additional option (option 5) is added

Option5: For the precoders with 0 entries, the linear value  of a PUSCH transmission power is scaled by a ratio Rel-16.  The value of Rel-16 is selected up to UE implementation within the range of [Rel-15, 1],  where Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  
· UE is required to maintain consistent Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH
Agreement 3: Full TX power UL transmission, option 4 is updated as follows
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL (no specification impact)
For guidance in future RAN1 discussions:
Understanding of antenna virtualization for ease of discussion (not for specification):
-	A UE forms an antenna port by transmitting on one or more TX chains (each with a power amplifier)

In RAN1 AH-1901 meeting [4], the following agreement was made in this WI:
Agreement: Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23dBm for PC3
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
FFS: Whether all three capabilities will be specified, or a subset will be specified
FFS: UE capability signaling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details
Send LS to RAN4 to provide their view on PC 2 applicability of the new UE capability (Rakesh, vivo).
In Ran1 96 meeting, the following agreements were made 
Agreement
Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.
At least for PC3, UE capability 1, 3 can support full power transmission.
Working assumption: For PC3, UE capability 2 can support full power transmission.
· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)

Agreement
Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled the following is included:
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Alt3: UE capability signaling of power scaling schemes for full uplink power transmission
· Note: This does not imply any restriction on UE antenna virtualization
· FFS: Whether full uplink power transmission needs to be supported for all precoders

In RAN1 96bis, the following agreements were made
Agreement
For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports
· The above applies for the cases including when UE transmitting at P_c_max

Agreement
Supported UE capabilities and supported scheme for UE capability 1
· Option 3
· FFS: Whether to additionally support Option 1-2

Agreement
Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· FFS: For UE capability 1, if any other information is necessary
· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed
· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced
· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission
UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1. The signalling of above information does not imply any specific UE PA architecture implementation.

In RAN1 97, the follow working assumption were made:
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, the follow agreements were made:
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

Agreement
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

Agreement
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

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 a capability 1 UE working with full power operations, for PUSCH power control, power scaling factor is fixed to 1
With the above-mentioned agreements and working assumptions, the major open issues on this topic are closed. In this contribution, we address the remaining issues in UL full power Tx.  
In this contribution, the background and summary of the problem is introduced in Section 2. Section 3 discusses the necessity to extend the UE capabilities defined for power class 3 to other power classes. The way to signal UE capabilities to support UL full power transmissions is discussed in Section 4. The remaining issue for mode 1 and mode 2 are addressed respective in Section 5 and Section 6. RRC signaling for full power is discussed in Section 7. Conclusions are drawn in Section 8. 
[bookmark: _Ref3800303][bookmark: _Hlk1063896][bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Background and summary of the problem
In NR Rel. 15, two key restrictions can potentially prevent a UE from transmitting PUSCH at full power. The first issue arises due to restrictions on transmit precoder codebook for UEs with non-coherent or partially coherent antennas (see Tables 7.3.1.1.2-2 to 7.3.1.1.2-5 in 38.212), and the second is due to the power allocation rule in 38.213, Section 7.1 This section focuses on addressing these two issues.
Issue 1: Restriction on TPMIs for UEs with non-coherent or partially-coherent antennas


In NR Rel. 15, for PUSCH transmission using codebooks, when UEs have non-coherent antennas or partially coherent antennas, the set of TPMIs are restricted so that the precoder for a layer only spans a coherent subset of antennas (see Tables 7.3.1.1.2-2 to 7.3.1.1.2-5 in 38.212). For example, if a UE has two non-coherent antennas, then the precoders are restricted to be either  or . Such a restriction can prevent such UEs from transmitting at full power. For example, suppose the UE is a class-3 UE, powered by 2 PAs, each with a 20 dBm output rating, then the UE cannot transmit at full power in the scenario described above.
Issue 2: Uplink power allocation
In NR Rel. 15, 38.213, Section 7.1 states that





 “For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted.” 

This rule requires scaling the linear value  of the transmit power  by the ratio of non-zero PUSCH ports to total configured ports, then divides the resulting power equally among non-zero PUSCH ports. Such an approach can prevent the UE from transmitting at full power. For example, consider a UE with 2 non-coherent antenna ports that is assigned the precoder , in this case, the first antenna port is assigned  transmit power (linear value) to transmit PUSCH. Thus, for a class-3 UE that is powered by 2 PAs, each with a 23 dBm output rating, the maximum transmit power for this precoder is 3 dB below the maximum power the UE can transmit at.
Resolving Issue 1 helps a class-3 UE with 2 PAs of 20 dBm output rating each to transmit at full power, while resolving Issue 2 helps a class-3 UE with 2 PAs having 23 dBm output rating each to transmit at full power. In what follows, we make proposals to address the above two issues.
[bookmark: _Ref20648195]Extend the UE capabilities to other power class UEs
In RAN1 AH-1901 meeting [4], the 3 types of UE capabilities are agreed for power class 3 UEs. We additionally note that these three capabilities are useful for UEs of all power classes, and must not be restricted to only power class 3 UEs.
Further given that Issue 2, noted above in Section 2, impacts coherent UEs as well, we must ensure that these capabilities are clearly specified for coherent UEs as well, so that appropriate uplink power scaling factors can be chosen.
With the above in mind, we propose the following:
Proposal 1: Extend the definitions of the three capabilities to UEs of any power class and to UEs with coherent antenna capability.
[bookmark: _Ref4603433][bookmark: _Ref1070726]Signalling of UE capability to support UL full power transmissions
Due to the existence of 3 UE capability types and the two modes for capability 2 and 3 UEs, the UE capable signalling for full power needs to follow a hierarchy structure. The top level signalling can be just 1 bit to signal UE can support full power with all precoders. This signalling is sufficient for capability 1 UE and it needs no more additional lower level signalling for full power capability. For capability 2 or 3 UEs, they need to further signal they can support which mode, i.e., mode 1 only, mode 2 only, both, or none of the two modes. For UEs supports mode 1 only, no additional capability signalling is needed. NW knows that full power can be delivered with the introduced “new codebookSubset” while full power cannot be guaranteed with the “old antenna selection codebook”. For UEs supports mode 2, it was agreed in RAN1 #97 that further UE capability signalling per TPMI group is introduced. Our view is that RAN1 should aim to minimize the signalling overhead for mode 2.
Based on the above discussion, therefore, we make the follow proposal.
Proposal 2: A single bit (level 1) is used to indicate that a UE supports full power by setting power scaling factor in power control equals to 1 always for all precoders or not.  
· For a capability 1 UE, no additional full power capability signaling is needed.
· For a capability 2 or 3 UE, two more bits (level 2) to signal support mode 1 only, mode 2 only, both mode 1 and 2, none of mode 1 or 2. 
· For a UE supports mode 1 only or none of mode 1 or 2, no additional full power capability signaling is needed.
· For a UE supports mode 2 only or both mode 1 and 2, RAN1 strive to minimize the number of additional bits (level 3) for full power capability signaling.
Note: the above UE full power capability signaling is per feature set per component carrier (per CC per band per band combination). 
[bookmark: _Ref3800905][bookmark: _Ref20648362]Remaining issue for UE capability 2 and 3 in mode 1
In mode 1 for capability 2 or 3 UEs, the remaining issue is that the details of “new codebookSubset” is still open. Given that the principle of mode 1 is to allow a non-coherent UE to transmit full power using full coherent codebooks via transparent small delay CDD in UE implementation, it is sufficient to support just a subset of the non-antenna selection precoder(s) to deliver full power. There is no need to support additional antenna selection precoders with full power. Furthermore, as a matter of fact, without defining additional SRS ports, it is not feasible to support antenna selection precoders with full power for capability 2 UE. For capability 3 UE, it is possible to support some antenna selection precoders with full power. But the performance of antenna selection precoders suffers significantly in case of hand-blocking. While, non-antenna selection precoder can deliver much more robust performance in case of hand-block. 
Based on the above reasoning, we have the following proposal. 
Proposal 3: For a capability 2 or 3 UE in mode 1, antenna selection TPMI precoder(s) does not necessarily support full power UL transmission.
Another open issue in mode 1 is the partial coherent precoders to support full power are not settled yet. For partial coherent UE, rank 2-4 can already support full power. Therefore, the enhancement is only for rank 1. 
For rank 1, the Rel-15 precoder codebook are different for with and without transform precoding enabled. For rank 1 precoders with transform precoding disabled, it can be found that TPMI {16,17,18,19} = TPMI= {12,13,14,15} * [1, j,1, j], TPMI {20, 21, 22, 23} = TPMI= {12,13,14,15} * [1, -1,1, -1], TPMI {24, 25, 26, 27} = TPMI= {12,13,14,15} * [1, -j,1, -j]. As the UE is a partial-coherent UE, it cannot maintain the phase coherent between the antenna ports set {0,2} and set {1,3}. In other words, TPMI set {16,17,18,19} is the same as TMPI set {12,13,14,15} from a partial-coherent UE point of view. Therefore, including rank 1 TPMI= {12,13,14,15} is sufficient for partial-coherent UE to enable rank1 full power transmission with transform precoding disabled. 
For rank 1 precoders with transform precoding enabled, it can be found that TPMI {16,17,18,19} = TPMI= {12,13,14,15} * [1, j,1, -j], TPMI {20, 21, 22, 23} = TPMI= {12,13,14,15} * [1, -1,1, -1], TPMI {24, 25, 26, 27} = TPMI= {12,13,14,15} * [1, -j,1, j]. Therefore, just including TPMI {12,13,14,15} is not enough, as TPMI {16,17,18,19} sees different phase (+180 degrees) on coherent ports {1, 3}. Fortunately, TPMI {12,13,14,15, 16,17,18,19} = TPMI {20, 21, 22, 23, 24, 25, 26, 27} * [1, -1, 1, -1]. Therefore, including TPMI {12,13,14,15, 16,17,18,19} is sufficient for partial-coherent UE to enable rank1 full power transmission with transform precoding enabled.
Proposal 4: For mode 1, 4Tx partial-coherent UE, the new codebook subset includes, rank 1 TPMI = {12,13,14,15} defined in Rel-15 which can be used for UL full power transmission with transform precoding disabled.
Proposal 5: For mode 1, 4Tx partial-coherent UE, the new codebook subset includes, rank 1 TPMI = {12,13,14,15, 16, 17, 18, 19} defined in Rel-15 which can be used for UL full power transmission with transform precoding enabled.
With the defined new precoders for rank1 full power transmission, the definition of “Precoding information and number of layers” in DCI needs to be updated in TS38.212 as below 

Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if transform precoder is disabled and maxRank = 2 or 3 or 4
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent
	Bit field mapped to index
	codebookSubset= partialAndNonCoherentFullPower
	Bit field mapped to index
	codebookSubset= nonCoherentFullPower

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0

	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0

	12
	1 layer: TPMI=4
	12
	1 layer: TPMI=4
	12-15
	reserved
	12
	1 layer: TPMI=4
	12
	1 layer: TPMI = 13

	…
	…
	…
	…
	
	
	…
	…
	13-15
	reserved

	19
	1 layer: TPMI=11
	19
	1 layer: TPMI=11
	
	
	19
	1 layer: TPMI=11
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	20
	2 layers: TPMI=6
	20
	2 layers: TPMI=6
	
	
	20
	2 layers: TPMI=6
	
	

	…
	…
	…
	…
	
	
	…
	…
	
	

	27
	2 layers: TPMI=13
	27
	2 layers: TPMI=13
	
	
	27
	2 layers: TPMI=13
	
	

	28
	3 layers: TPMI=1
	28
	3 layers: TPMI=1
	
	
	28
	3 layers: TPMI=1
	
	

	29
	3 layers: TPMI=2
	29
	3 layers: TPMI=2
	
	
	29
	3 layers: TPMI=2
	
	

	30
	4 layers: TPMI=1
	30
	4 layers: TPMI=1
	
	
	30
	4 layers: TPMI=1
	
	

	31
	4 layers: TPMI=2
	31
	4 layers: TPMI=2
	
	
	31
	4 layers: TPMI=2
	
	

	32
	1 layers: TPMI=12
	
	
	
	
	32
	1 layer: TMPI = 12
	
	

	…
	…
	
	
	
	
	…
	…
	
	

	…
	…
	
	
	
	
	35
	1 layer: TPMI = 15
	
	

	47
	1 layers: TPMI=27
	
	
	
	
	36-63
	reserved
	
	

	48
	2 layers: TPMI=14
	
	
	
	
	
	
	
	

	…
	…
	
	
	
	
	
	
	
	

	55
	2 layers: TPMI=21
	
	
	
	
	
	
	
	

	56
	3 layers: TPMI=3
	
	
	
	
	
	
	
	

	…
	…
	
	
	
	
	
	
	
	

	59
	3 layers: TPMI=6
	
	
	
	
	
	
	
	

	60
	4 layers: TPMI=3
	
	
	
	
	
	
	
	

	61
	4 layers: TPMI=4
	
	
	
	
	
	
	
	

	62-63
	reserved
	
	
	
	
	
	
	
	


Table 7.3.1.1.2-3-A: Precoding information and number of layers for 4 antenna ports, if transform precoder is enabled, or if transform precoder is disabled and maxRank = 1
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset= partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent
	Bit field mapped to index
	codebookSubset= partialAndNonCoherentFullPower
	Bit field mapped to index
	codebookSubset= nonCoherentFullPower

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4
	
	
	4
	1 layer: TPMI=4
	4
	1 layer: TPMI =13

	…
	…
	…
	…
	
	
	…
	…
	5-7
	reserved

	…
	…
	…
	…
	
	
	…
	…
	
	

	…
	…
	…
	…
	
	
	…
	…
	
	

	11
	1 layer: TPMI=11
	11
	1 layer: TPMI=11
	
	
	11
	1 layer: TPMI=11
	
	

	12
	1 layers: TPMI=12
	12-15
	reserved
	
	
	12
	1 layer: TPMI=12
	
	

	…
	…
	
	
	
	
	…
	…
	
	

	27
	1 layers: TPMI=27
	
	
	
	
	19
	1 layer: TPMI=19
	
	

	28-31
	reserved
	
	
	
	
	20-31
	reserved
	
	



Table 7.3.1.1.2-3-B: Precoding information and number of layers for 4 antenna ports, if transform precoder is enabled, or if transform precoder is disabled and maxRank = 1
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset= partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent
	Bit field mapped to index
	codebookSubset= partialAndNonCoherentFullPower
	Bit field mapped to index
	codebookSubset= nonCoherentFullPower

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4
	
	
	4
	1 layer: TPMI=4
	4
	1 layer: TPMI =13

	…
	…
	…
	…
	
	
	…
	…
	5-7
	reserved

	…
	…
	…
	…
	
	
	…
	…
	
	

	…
	…
	…
	…
	
	
	…
	…
	
	

	11
	1 layer: TPMI=11
	11
	1 layer: TPMI=11
	
	
	11
	1 layer: TPMI=11
	
	

	12
	1 layers: TPMI=12
	12-15
	reserved
	
	
	12
	1 layer: TPMI=12
	
	

	…
	…
	
	
	
	
	…
	…
	
	

	27
	1 layers: TPMI=27
	
	
	
	
	15
	1 layer: TPMI=15
	
	

	28-31
	reserved
	
	
	
	
	
	
	
	



The last opening issue in mode 1 is the determination of power scaling factor for mode. For mode 1, as the extended “new” precoders have no zero entries, reusing Rel-15 power scaling mechanism is fine. 
Proposal 6: For mode 1, reuse Rel-15 power scaling mechanism.
[bookmark: _Ref20648372][bookmark: _Ref4603654]Remaining issue for UE capability 2 and 3 in mode 2
For mode 2, one open issue is how to group TPMIs to reduce the UE capability signalling overhead, as the signalling has to be per CC per band per band combination.
Obviously, we need to design the grouping for 2 Tx and 4 Tx UEs separately. For 2 Tx UE, the design is trivial. Therefore, we can focus on the design for 4 Tx UEs. For a UE with 4 Tx, there are 12 rank 1 precoders (0-11 in Table 6.3.1.5-3 in 38.211), 7 rank 2 precoders (0-6 in Table 6.3.1.5-5 in 38.211), and 1 rank 3 precoder (0 in Table 6.3.1.5-6 in 38.211). If we signal full power capability per precoder, there are 20 bits needed per band in each band-band combination, which is too much overhead. Therefore, we must aim to reduce the bitmap length for overhead reduction.  










First, we observe that the full power capability with multi-layer precoders can be inferred from single layer precoders. For example, if precoder  can support full power, so can . Another example, if precoder  can support full power, so can  or . Therefore, we can put {, } into a same TPMI group. Similarly, we can group {,,} into a single group.
Based on this observation, we make the following proposal.
Proposal 7: For a capability 2 or 3 UE supports mode 2, no need to signal full power capability for a multi-layer precoders as it can be implicitly derived based on signaling for single layer precoders. 
Based on the idea to utilizing single layer precoder to infer the full power capability of multi-layer precoder and group them into the same group, by exhaustive search of the Rel-15 PUSCH codebook, we list potentially 11 groups of precoders.
Group 1: {},
Group 2: {, 
Group 3: , 
Group 4: , 
Group 5: , 
Group 6: , 
Group 7:,
Group 8: 
Group 9: 
Group 10:
Group 11: 
Group 12:  and all the rest precoders with no zero-power antenna port
One should notice that with above grouping, 11 bits (excluding the last group) is needed per CC per band per band combination if a UE signals full power capability per precoder. To further reduce the overhead, we can consider two types of UE. Type A UE is an advanced UE which can dynamically switch the linkage between PA and antenna ports. For Type A UE, if it can support full power with , it can also support full power with  , , Similarly, if it can support full power with , it should also able to support full power with , , , : , . Because type A UE can switch connection between PA and antenna ports dynamically, what matters to that UE is how many 1s (or js) exits in the precoder, while it does not care where the 1s (or js) are located in each precoder. Therefore, for type A UE, 2 bits is enough to signal full power capability in mode 2 for precoders with 1,2,3, or, 4 nonzero entries, with the following grouping such at group 1 is the group with 1 nonzero port, group 2 is the group with 2 nonzero ports, group 3 is the group with 3 nonzero ports, group 4 is the group with 4 nonzero ports. 
 Group 1: {},
Group 2: 
Group 3: 
Group 4:  and all the rest precoders with no zero-power antenna port

Another UE, which is type B UE, is a UE cannot dynamically switch connection between PA and antenna ports. To align the number of bits used for capability signaling, for type B UE, we also propose use 2 bits to signal full power capability for precoders with one, two, three and four nonzero ports respectively with the following grouped precoders
Group 1: {},
Group 2: 
Group 3: 
Group 4:  and all the rest precoders with no zero-power antenna port
For type B UE, the advantage of this scheme is the reduced signaling overhead and aligned number of bits between type A and type B UEs. The limitation of this scheme is that type B UE cannot guarantee to deliver full power with all precoders. But given that the goal of this Rel-16 WI is already achieve by allow eNB to use these precoders to request full power UL transmission, extending type B UE to support full power with other precoders can be considered as a secondary optimization for later releases. 
Based on the above discussion, we have the following proposal for 4 Tx UEs.
Proposal 8: For a capability 2 or 3 UE supports mode 2, if the UE is with 4 Tx, 4 groups of precoders are supported with 3 bits are used for (L3) full power capability signaling. 
· 2 bits(LSB) to indicate support full power with group 1, 2, 3, 4 or not.
· 1 bit(MSB) to indicate if gNB can infer full power support from the signaled precoders to other precoders with the same number of nonzero ports but different nonzero port indices.  

We can have the similar signaling for 2 Tx UEs. Note that in this case there are only two TPMIs of interest  and . Without any loss of functionality, it can be mandated that a 2 Tx UE indicating support for mode 2 supports full power using precoder . This simplifies signaling and in fact requires no additional signaling for such UEs. If necessary, an additional bit signaling can indicate if this UE can also support full power on the  precoder. Thus becomes the default precoder support full power transmission.
Proposal 9: For a capability 2 or 3 UE supports mode 2, if the UE is with 2 Tx, additional 2 bits (level 3) are used for full power capability signaling. 
· 1 bit(LSB) to indicate support full power with precoder or not. 
· 1 bit(MSB) to indicate if gNB can infer full power support from the signaled precoders to other precoders with the same number of nonzero ports but different nonzero port indices.  

For mode 2, an additional aspect to consider for 4 TX UEs is on the number of ports the new SRS resources can have. Since a 4 TX UE may be able to virtualize its 4 transmit chains to form 2 full power virtual ports, as in the case of a power class 3 UE with four 20 dBm PAs, NW may configure 4 SRS resources with {Res1 for 4 SRS ports(spatial relation A), Res 2 for 4 SRS ports(spatial relation B), Res 3 for 2 SRS ports, Res 4 for single SRS port}. For a UE with four 17dBm PAs, the full power can only be achieved with virtualizing 4 PAs into one port. Therefore, NW has no incentive to configure 2 ports SRS for this UE. Two SRS resources such as {Res1 for 4 SRS ports, Res2 for 1 SRS port} is enough for this UE. The UE’s ability to synthesize two virtual ports each with full power can be signalled to NW to help NW with better SRS resource configuration.
Therefore, based on the above discussion, we have the following proposal.
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606]Proposal 10: For a 4 Tx UE that support mode 2, one additional bit of capability signaling is introduced to indicate whether the UE is able to synthesize 1 or 2 virtual ports that can independently transmit at full power. 
· If this bit is set to ‘0’, then the UE is capable of synthesizing only 1 virtual full power port, and if this bit is set to ‘1’, the UE is capable of synthesizing 2 virtual full power ports.
[bookmark: _Ref7626308][bookmark: _Ref21100008]RRC signalling for UL full power
Since it is already agreed to enable full power transmissions for capability 1 UEs by allowing them to change the power scaling factor to be set to 1, we propose to introduce explicit RRC signalling to enable this change to the power scaling factor. In addition to this, we would like explicit RRC signalling to configure the UE in mode 1 or mode 2 or neither.
To be clear, we would like to draw a clear distinction between RRC signalling and UE capability signalling. After UE capability signalling, gNB is aware of whether UE can support power scaling factor to be set to 1 or not. Subsequent to this, it is up to gNB discretion on configuring the UE to operate in a certain manner. Rather than there being any implicit assumptions on how the UE is to behave, it is best to make things explicit to avoid any potential confusion.
We therefore propose two-bits RRC signalling, with the following interpretation:
1. 00 indicates UE to set power scaling factor to 1 for all precoders for PUSCH transmissions
1. 10 indicates UE to use mode 1 to support full power transmission of PUSCH
1. 10 indicates UE to use mode 2 to support full power transmission of PUSCH
1. 11: reserved
We further propose that these two bits be signalled for each uplink BWP. Uplink BWP configuration already determines SRS configurations for the UE, including parameters such as nrofSRS-Ports (contained in srs-Config) and we think the configuration for full power features must therefore be specified at this level. The reason is following. A gNB can configure a 4 Tx UE with four 20dBm PAs operates in UL BWP 1 with 4 SRS ports, and in UL BWP 2 with 2 SRS ports (for power saving purpose for example). The UE can work in UL BWP 1 with mode 1 or mode 2. But in UL BWP 2, it can act as 2 Tx capability 1 UE with power scaling factor set to 1 always.  
With these considerations in mind, we make the following proposal:
Proposal 11: On per UL BWP, two-bits in RRC signaling are used to configure full power Tx mode for a UE.
· 00 indicates UE to set power scaling factor to 1 for all precoders for PUSCH transmissions
· 10 indicates UE to use mode 1 to support full power PUSCH transmissions
· 10 indicates UE to use mode 2 to support full power PUSCH transmissions
· 11: reserved

Once this basic framework for RRC signalling is adopted, we can consider additional signalling to further indicate specific aspects of mode 1 or mode 2 operation (codebook subset selection, etc).
[bookmark: _Ref21100018]Conclusions
In summary, we have the following proposals to address the remaining issues for full power uplink transmissions for Rel-16 MIMO enhancements. 
Proposal 1: Extend the definitions of the three capabilities to UEs of any power class and to UEs with coherent antenna capability.
Proposal 2: A single bit (level 1) is used to indicate that a UE supports full power by setting power scaling factor in power control equals to 1 always for all precoders or not.  
· For a capability 1 UE, no additional full power capability signaling is needed.
· For a capability 2 or 3 UE, two more bits (level 2) to signal support mode 1 only, mode 2 only, both mode 1 and 2, none of mode 1 or 2. 
· For a UE supports mode 1 only or none of mode 1 or 2, no additional full power capability signaling is needed.
· For a UE supports mode 2 only or both mode 1 and 2, RAN1 strive to minimize the number of additional bits (level 3) for full power capability signaling.
Note: the above UE full power capability signaling is per feature set per component carrier (per CC per band per band combination).
Proposal 3: For a capability 2 or 3 UE in mode 1, antenna selection TPMI precoder(s) does not necessarily support full power UL transmission.
Proposal 4: For mode 1, 4Tx partial-coherent UE, the new codebook subset includes, rank 1 TPMI = {12,13,14,15} defined in Rel-15 which can be used for UL full power transmission with transform precoding disabled.
Proposal 5: For mode 1, 4Tx partial-coherent UE, the new codebook subset includes, rank 1 TPMI = {12,13,14,15, 16, 17, 18, 19} defined in Rel-15 which can be used for UL full power transmission with transform precoding enabled.
Proposal 6: For mode 1, reuse Rel-15 power scaling mechanism.
Proposal 7: For a capability 2 or 3 UE supports mode 2, no need to signal full power capability for a multi-layer precoders as it can be implicitly derived based on signaling for single layer precoders. 
Proposal 8: For a capability 2 or 3 UE supports mode 2, if the UE is with 4 Tx, 4 groups of precoders are supported with 3 bits are used for (L3) full power capability signaling. 
· 2 bits(LSB) to indicate support full power with group 1, 2, 3, 4 or not.
· 1 bit(MSB) to indicate if gNB can infer full power support from the signaled precoders to other precoders with the same number of nonzero ports but different nonzero port indices.  

Proposal 9: For a capability 2 or 3 UE supports mode 2, if the UE is with 2 Tx, additional 2 bits (level 3) are used for full power capability signaling. 
· 1 bit(LSB) to indicate support full power with precoder or not. 
· 1 bit(MSB) to indicate if gNB can infer full power support from the signaled precoders to other precoders with the same number of nonzero ports but different nonzero port indices.  

Proposal 10: For a 4 Tx UE that support mode 2, one additional bit of capability signaling is introduced to indicate whether the UE is able to synthesize 1 or 2 virtual ports that can independently transmit at full power. 
· If this bit is set to ‘0’, then the UE is capable of synthesizing only 1 virtual full power port, and if this bit is set to ‘1’, the UE is capable of synthesizing 2 virtual full power ports.

Proposal 11: On per UL BWP, two-bits in RRC signaling are used to configure full power Tx mode for a UE.
· 00 indicates UE to set power scaling factor to 1 for all precoders for PUSCH transmissions
· 10 indicates UE to use mode 1 to support full power PUSCH transmissions
· 10 indicates UE to use mode 2 to support full power PUSCH transmissions
· 11: reserved
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