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Introduction
In previous meetings, solutions for UL full transmission power were discussed. The following 3 UE capabilities were proposed, with UE capability 1 and UE capability 3 agreed and UE capability 2 considered as a working assumption:
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
In this contribution, we share our views on the solutions for the variety UE capabilities.
Discussion
UE capability 1
For a UE supports UE capability 1, full rated PAs on each Tx chain is supported, UE is capable to transmit at full power with any PA. In order to make full use of UE’s transmission power, power scaling procedure in Rel.15 can be removed for UE capability 1. No further optimization is needed. 
Proposal 1: 
· For UE capability 1, full power transmission is achieved by removing the existing Rel.15 power scaling.
UE capability 2 & UE capability 3
For a UE with capability 2 or capability 3, no Tx chain or a subset of Tx chains is assumed to deliver full power. In RAN1 #97 meeting, the following working assumption was achieved for UE capability 2 and UE capability 3:
	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  UE cap3, 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 




UE capability
For different UE capabilities, UE can achieve full power by different antenna combinations. For example, for a PC3 UE with 20+20+20+20dBm PAs, full power is achievable by  combination of any two antenna ports. For a PC3 UE with 17+17+17+17dBm PAs, full power is achievable only when all PAs are activated. Therefore, different PA architectures may require different technical solutions. This need to take into account different UE PA architectures, in addition to the existing agreed Modes and Capabilities. 
From the performance respect, it is beneficial to specify different codebook subsets/transmission schemes/power scaling rules for various UE capabilities. In addition to the currently agreed UE capability characterization (e.g. Capability 1/2/3), additional UE capability differentiation is needed.
Defining different codebook subsets or power scaling rules for varies UE capabilities would make the specification complicated. In order to reduce the complexity of the specification, only introducing typical UE capabilities is preferred. 
Proposal 2:
· Introduce  typical full transmission power UE capabilities ,
· For UE capability 2, consider the following two typical UE capabilities: 
· Capability 2-1: full transmission power can be achieved by the combination of all PAs
· Capability 2-2: full transmission power can be achieved by the combination of at least two PAs
· For UE capability 3, considered the following UE capability:
· Full transmission power can be achieved by at least the first PA.

Mode 1
For Mode 1, a new codebook subset is introduced for the rank value(s) where full power transmission on UL is not achievable.  For UE capability 2, at least a subset of TPMIs that combine ports in a layer have to be included in the new codebook subset. For UE capability 3, a subset of TPMIs that combine ports in a layer and/or a subset of antenna selection TPMIs with full transmission power can be included in the new codebook subset. What codebook subset is used by Mode 1, if applicable, should be decided based on performance. 
Several alternatives can be considered for codebook subset configuration for Mode 1:
· Alt 1: Do NOT introduce new CBS in Rel.16. UE can be configured with a CBS exceeding its actual coherent combining capability. 
· Alt 2: Introduce new CBS in Rel.16. The new CBS comprises existing Rel.15 non-coherent antenna selection precoders (in accordance with UE coherent capability) + new TPMI(s) for full power transmission
· Alt 2-1: the new TPMI(s) for full power transmission comprises only TPMI(s) with antenna selection profile,  no co-phasing profile 
· Alt 2-2: the new TPMI(s) for full power transmission comprises TPMI(s) with both antenna selection profile and co-phasing profile 
· Since a 4Tx partial-coherent capability UE has two coherent antenna groups, the following two alternatives for Alt 2-2 can be further considered for 4Tx:
· Alt 2-2-1: the new TPMI(s) for full power transmission exploit co-phasing profile within antenna port group{1,3} or within antenna port group{1,2}, not exploit co-phasing profile between antenna group {1,3} and {2,4}.
· Alt 2-2-2: the new TPMI(s) for full power transmission exploit co-phasing profile among all antenna ports
· Alt 3: Introduce new CBS in Rel.16. The new CBS comprises only new TPMI(s) for full power transmission
· Alt 3-1: the new TPMI(s) for full power transmission comprises only TPMI(s) with antenna selection profile,  no co-phasing profile 
· Alt 3-2: the new TPMI(s) for full power transmission comprises TPMI(s) with both antenna selection profile and co-phasing profile 
· Similar as Alt 2-2, the following two alternatives can be further considered for 4Tx:
· Alt 3-2-1: the new TPMI(s) for full power transmission exploit co-phasing profile within antenna port group{1,3} or within antenna port group{1,2}, not exploit co-phasing profile between antenna group {1,3} and {2,4}.
· Alt 3-2-2: the new TPMI(s) for full power transmission exploit co-phasing profile among all antenna ports
For Alt 1, dynamic switching between full and non-full power is supported. Since Alt 1 reuses REL-15 DCI as well as the REL-15 CBS signaling, it has low specification impact and large DCI overhead. 
For Alt 2, TPMIs with full power transmission or with partial power transmission also can be dynamically indicated. For a non-coherent capability UE, since UE cannot maintain phase continuity,  it is unclear if it is worthwhile to consider co-phasing combining profiles, so it is possible that Alt 2.1 has similar performance with Alt. 2.2. In addition, Alt 2-1 has lower DCI overhead than Alt 2-2. 
For Alt 3, TPMIs with full power transmission or with partial power transmission cannot be dynamically indicated. Considering full-power is mainly motivated by cell-edge UE and UE geographical location does not change rapidly, this may not be a significant issue performance wise. It also enjoys the minimum DCI overhead.  
Different codebook subsets can be considered for different UE capabilities. Table 2 provide some codebook subset examples for UE capability 2 with 2Tx. Table 2-4 provide some codebook subset examples for UE capability 2-1 and UE capability 2-2 with 4Tx, where ‘maxRank’ in the tables denotes the maximum rank of the codebook subset. In the examples, new precoders are introduced only for the rank value(s) where full power transmission in UL is not achievable. It can be seen from the tables that compared to the Rel-15 codebook subset of fullyAndPartialAndNonCoherent, at most 2 bits can be saved by codebook subset of Alt 2 or Alt 3.
Table 1 Codebook subsets for UE capability 2, non-coherent UE, 2 antenna ports
	
	Alt 1/Alt 2-2
	Alt 2-1
	Alt 3-1
	Alt 3-2

	maxRank
	TPMI index
	overhead
	TPMI index
	overhead
	TPMI index
	overhead
	TPMI index
	overhead

	1
	1 layer :   0-5
	3bits
	1 layer:   0-2
	2bits
	1 layer:   2
	[bookmark: _GoBack]1bits
	1 layer:   2-5
	2bits

	2
	1 layer:  0-5;
2 layer:   0-2
	4bits
	1 layer:  0-2;
2 layer:   0
	2bits
	1 layer:  2;
2 layer:   0
	1bits
	1 layer:  2-5;
2 layer:   0
	3bits



Table 2 Codebook subsets for UE capability 2-1, non-coherent UE, 4 antenna ports
	　
	maxRank =1
	　
	maxRank =2
　
	maxRank =3
　
	maxRank =4
　

	　Codebook subset
	TPMI index
	overhead
	TPMI index
	overhead
	TPMI index
	overhead
	TPMI index
	overhead

	Alt 1
	1 layer:  0-27
	5bits
	1 layer:  0-27
2layer:   0-21
	6bits
	1 layer:  0-27
2layer:   0-21;
3layer:   0-6
	6bits
	1 layer:  0-27
2layer:   0-21;
3layer:   0-6;
4layer:  0-4
	6bits

	Alt 2-1
	  1layer:   0-3,12
	3bits
	  1layer:   0-3,12;
2layer:   0-6, 14
	4bits
	 1layer:   0-3,12;
2layer:   0-6, 14;
3layer:   0,1,3
	4bits
	  1layer:   0-3,12;
2layer:   0-6, 14;
3layer:   0,1,3;
4layer:  0
	5bits

	Alt 2-2-1
	  1layer:   0-3,12-15
	3bits
	  1layer:   0-3,12-15; 2layer:   0-6, 8,11,13,14,15
	5bits
	  1layer:   0-3,12-15; 2layer:   0-6, 8,11,13,14,15;
3layer:   0,1-4
	5bits
	 1layer:   0-3,12-15; 2layer:   0-6, 8,11,13,14,15;
4layer:  0
	5bits

	Alt 2-2-2
	  1layer:   0-3, 12-27
	5bits
	  1layer:   0-3, 12-27; 2layer:   0-21

	6bits
	  2layer:   0-3, 12-27; 
2layer:   0-21;
3layer:   0,1-6

	6bits
	  2layer:   0-3, 12-27; 
2layer:   0-21;
3layer:   0,1-6;
4layer:  0
	6bits

	Alt 3-1
	1 layer:  12
	1bits
	1 layer:  12; 
2layer:   6, 14
	2bits
	1 layer:  12; 
2layer:   6, 14;
3layer:  1,3
	3bits
	1 layer:  12; 
2layer:   6, 14;
3layer:  1,3;
4layer:  0
	3bits

	Alt 3-2-1
	1 layer:  12-15
	2bits
	1 layer:  12-15;
 2layer:   6, 8,11,13,14,15
	4bits
	1 layer:  12-15;
 2layer:   6, 8,11,13,14,15;
3layer:   1-4
	5bits
	1 layer:  12-15;
 2layer:   6, 8,11,13,14,15;
3layer:   1-4;
4layer:  0
	5bits

	Alt 3-2-2
	1 layer:  12-27
	4bits
	1 layer:  12-27;
2layer:   6-21
	5bits
	1 layer:  12-27;
2layer:   6-21; 
3layer:   1-6

	6bits
	1 layer:  12-27;
2layer:   6-21; 
3layer:   1-6;
4layer:  0
	6bits



Table 3 Codebook subsets for UE capability 2-1, partial-coherent UE, 4 antenna ports
	　
	maxRank =1
	　
	maxRank =2
	　
	maxRank =3
	　
	maxRank =4
	　

	　Codebook subset
	TPMI index
	overhead
	TPMI index
	overhead
	TPMI index
	overhead
	TPMI index
	overhead

	Alt 1
	1 layer:  0-27
	5bits
	1 layer:  0-27
2layer:   0-21
	6bits
	1 layer:  0-27
2layer:   0-21;
3layer:   0-6
	6bits
	1 layer:  0-27
2layer:   0-21;
3layer:   0-6;
4layer:  0-4
	6bits

	Alt 2-1
	  1 layer:  0-11,12
	4bits
	  1 layer:  0-11,12;
2layer:   0-13, 14
	5bits
	  1 layer:  0-11,12;
2layer:   0-13, 14;
3layer:   0-2,
	5bits
	  1 layer:  0-11,12;
2layer:   0-13, 14;
3layer:   0-2;
4layer:  0-2
	6bits

	Alt 2-2-1
	  1 layer:  0-11,12-15
	4bits
	  1 layer:  0-11,12-15; 2layer:   0-13, 8,11,13,14,15
	6bits
	  1 layer:  0-11,12-15; 2layer:   0-13, 8,11,13,14,15;
3layer:  0-2
	6bits
	  1 layer:  0-11,12-15; 2layer:   0-13, 3 layer: 0-2
4layer:  0-2
	6bits

	Alt 2-2-2
	  1 layer:  0--27
	5bits
	  1 layer:  0--27; 2layer:   0-21

	6bits
	  1 layer:  0-27; 
2layer:   0-21;
3layer:   0-2

	6bits
	  1 layer:  0-27; 
2layer:   0-21;
3layer:   0-2;
4layer:  0-2
	6bits

	Alt 3-1
	1 layer:  12
	1bits
	1 layer:  12; 
2layer:   6, 14
	2bits
	1 layer:  12; 
2layer:   6, 14;
3layer:   0-2

	3bits
	1 layer:  12; 
2layer:   6, 14;
3layer:   0-2
4layer:  0-2
	4bits

	Alt 3-2-1
	1 layer:  12-15
	2bits
	1 layer:  12-15;
 2layer:   6, 8,11,13,14,15
	4bits
	1 layer:  12-15;
 2layer:   6, 8,11,13,14,15;
3layer:   0-2

	4bits
	1 layer:  12-15;
 2layer:   6, 8,11,13,14,15;
3layer:   0-2;
4layer:  0-2
	4bits

	Alt 3-2-2
	1 layer:  12-27
	4bits
	1 layer:  12-27;
2layer:   6-21
	5bits
	1 layer:  12-27;
2layer:   6-21; 
3layer:   0-2

	6bits
	1 layer:  12-27;
2layer:   6-21; 
3layer:   0-2;
4layer:  0-2
	6bits



Table 4 Codebook subsets for UE capability 2-2, non-coherent UE, 4 antenna ports
	　
	maxRank =1
	　
	maxRank =2
	　
	maxRank =3
	　
	maxRank =4
	　

	　Codebook subset
	TPMI index
	overhead
	TPMI index
	overhead
	TPMI index
	overhead
	TPMI index
	overhead

	Alt 1(R15 partialAndNonCoherent CBS)
	1 layer:  0-11
	4bits
	1 layer:  0-11
2layer:   0-13
	5bits
	1 layer:  0-11
2layer:   0-13;
3layer:   0-2
	5bits
	1 layer:  0-11
2layer:   0-13;
3layer:   0-2;
4layer:  0-2
	5bits

	Alt 2-1
	  1layer:   0-3,4,8,12
	3bits
	  1layer:   0-3,12;
2layer:   0-5, 14
	4bits
	  1layer:   0-3,12;
2layer:   0-5, 14;
3layer:   0
	4bits
	  1layer:   0-3,12;
2layer:   0-5;
3layer:   0;
4layer:  0
	4bits

	Alt 2-2-1
	 1layer:   0-15
	4bits
	  1layer:   0-15; 
2layer:   0-5, 
	5bits
	  1layer:   0-15; 2layer:   0-5;
3layer:   0
	5bits
	  1layer:   0-15;
2layer:   0-5; 
3layer:   0;
4layer:  0
	5bits

	Alt 2-2-2
	  1layer:   0-27
	5bits
	  1layer:   0-27; 2layer:   0-5
	6bits
	  1layer:   0-27; 
2layer:   0-21;
3layer:   0

	6bits
	  1layer:   0-27; 
2layer:   0-21;
3layer:   0;
4layer:  0
	6bits

	Alt 3-1
	1 layer:  4,8,12
	2bits
	1 layer:  4,8,12; 
2layer:   0-5
	4bits
	1 layer:  4,8,12; 
2layer:   0-5;
3layer:  0
	4bits
	1 layer:  4,8,12; 
2layer:   0-5;
3layer:  0;
4layer:  0
	4bits

	Alt 3-2-2
	1 layer:  4-15
	4bits
	1 layer:  4-15
 2layer:   0-5
	5bits
	1 layer: 4-15;
2layer:   0-5;
3layer:   0
	5bits
	1 layer:  4-15;
2layer:   0-5;
3layer:   0;
4layer:  0
	5bits

	Alt 3-2-2
	1 layer:  4-27
	5bits
	1 layer:  4-27;
2layer:   0-5
	5bits
	1 layer:  4-27;
2layer:   0-5; 
3layer:   0

	5bits
	1 layer:  4-27;
2layer:   0-5; 
3layer:   0;
4layer:  0
	5bits



Link and system-level performance of these alternatives are under evaluation. 
For UE capability 3, full power transmission can be achieved by revising the power scaling rule to allow a subset of precoders with non-zero ports corresponding to the full-rated PA(s) to achieve full transmission power. New TPMIs exceed UE’s coherent capability is not needed. 
Proposal 3:
· For capability 2, discuss proposed alternatives on codebook subset configuration, taking into account DCI overhead and performance. 
· New TPMIs that exceed UE’s coherent capability is not needed for UE capability 3.
Mode 2
The intention of Mode 2 is to achieve full power by virtualize multiple PAs to one antenna ports. The power scaling rule for PUSCH has to be revised accordingly. It is beneficial to use different power scaling schemes for different UE capabilities.
Considering the typical UE capabilities discussed in section 2.2.1, the following power scaling rules can be considered:
· For UE capability 2-1 with 4Tx or UE capability 2 with 2Tx, the power of PUSCH is scaled by the ratio of (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI);
· For UE capability 2-2 with 4Tx, the power of PUSCH is scaled by the ratio of min{2*(# non-zero ports) / (# SRS ports in SRS resource indicated by SRI),1};
· For UE capability 3, except for several predefined precoders which is determined according to UE’s full-rated PAs, the power of PUSCH is scaled by the ratio of (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI) 
· For UE capability 3 with one full-rated PA, the predefined precoder can be [1 0 0 0]T and [1 0]T.
Although full power transmission can be achieved by configuring a SRS resource with 1-port, for some 4Tx UEs, the performance may be enhanced by configuring a SRS resource with 2-port due to the precoding gain. For instance, a 4Tx UE with 4 20dBm PAs can achieve full power transmission by both 1-port SRS resource and 2-port SRS resource, where 2-port SRS resource may have better performance. Hence, supporting 3 SRS resources for mode 2 is preferred.
For mode 2, when multiple SRS resources are configured within a SRS resource set with usage set to ‘codebook’, one question is how to determine the codebook subset according to the higher layer parameter codebookSubset? One simple way is that the higher layer parameter codebookSubset only indicates the codebook subset restriction for the SRS resource with the largest number of SRS ports, a default interpretation of the codebook subset for the SRS resources with lower number of SRS ports is defined, such as the default codebook subset is the codebook subset of ‘nonCoherent’.
Proposal 4:
· For mode 2,
· The following power scaling rules are adopted:
· For UE capability 2-1(full transmission power can be achieved by the combination of all PAs) with 4Tx or UE capability 2 with 2Tx, the power of PUSCH is scaled by the ratio of (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI);
· For UE capability 2-2 (full transmission power can be achieved by the combination of at least two PAs) with 4Tx, the power of PUSCH is scaled by the ratio of min{2*(# non-zero ports) / (# SRS ports in SRS resource indicated by SRI),1};
· For UE capability 3, except for when the precoder of PUSCH is one of the predefined precoders, the power of PUSCH is scaled by the ratio of (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI) 
· For UE capability 3 with one full-rated PA, the predefined precoder can be [1 0 0 0]T and [1 0]T.
· The number of SRS resources supported for Mode 2 is 3.
· If multiple SRS resources with different number of SRS ports are configured under mode 2, the codebook subset for the SRS resources with lower number of SRS ports is a non-coherent codebook subset.
Conclusion
In this contribution, we discussed the full transmission power for UL MIMO. We propose that:
Proposal 1: 
· For UE capability 1, full power transmission is achieved by removing the existing Rel.15 power scaling.
Proposal 2
· Introducing  typical full transmission power UE capabilities ,
· For UE capability 2, consider the following two typical UE capabilities: 
· Capability 2-1: full transmission power can be achieved by the combination of all PAs
· Capability 2-2: full transmission power can be achieved by the combination of any two PAs
· For UE capability 3, considered the following UE capability:
· Full transmission power can be achieved by the first PA.
Proposal 3:
· For capability 2, discuss proposed alternatives on codebook subset configuration, taking into account DCI overhead and performance. 
· New TPMIs that exceed UE’s coherent capability is not needed for UE capability 3.
Proposal 4:
· For mode 2,
· The following power scaling rules are adopted:
· For UE capability 2-1(full transmission power can be achieved by the combination of all PAs) with 4Tx or UE capability 2 with 2Tx, the power of PUSCH is scaled by the ratio of (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI);
· For UE capability 2-2 (full transmission power can be achieved by the combination of at least two PAs) with 4Tx, the power of PUSCH is scaled by the ratio of min{2*(# non-zero ports) / (# SRS ports in SRS resource indicated by SRI),1};
· For UE capability 3, except for when the precoder of PUSCH is one of the predefined precoders, the power of PUSCH is scaled by the ratio of (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI) 
· For UE capability 3 with one full-rated PA, the predefined precoder can be [1 0 0 0]T and [1 0]T.
· The number of SRS resources supported for Mode 2 is 3.
· If multiple SRS resources with different number of SRS ports are configured under mode 2, the codebook subset for the SRS resources with lower number of SRS ports is a non-coherent codebook subset.
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