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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.
	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 


Based on this working assumption, we discuss the details on full power enhancement for codebook based PUSCH transmission in this contribution.
Discussion on Full TX Power for UL transmission for Rel-16
According to the above working assumption, UE is allowed to use two or more antenna ports which are not coherent to transmit a layer of transmission in mode 1. For mode 1, it only needs codebook extension, while PA assumption and power scaling scheme are the same as in Rel-15. In contrary to mode 1, mode 2 does not need codebook extension, but needs power capability report per TPMI to support more capable PAs compared to Rel-15. Besides, power scaling should be modified to reflect this higher PA capability in Rel-16.
Regarding SRS configuration, 
· In 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’. 
· But in 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’. For instance,
· For UE capability 2 , the SRS resource with lower number of SRS ports is assumed as sounding on virtualized ports (i.e., support full power transmission), but SRS resource with the higher number of SRS ports is assumed as sounding on non-virtualized ports (i.e., not support full power transmission for 1 layer). 
· For UE capability 3, the approach of port virtualization may NOT be necessary, and a set of TPMIs that deliver full power can be signalled by the UE directly. Meanwhile, the UE capability 1 can be assumed as a special case of UE capability 3.
Observation 1: 
· Mode 1 is supposed to support UE capability 2 which has no Tx chain with full rated PA in a non-transparent way; 
· Mode 2 is supposed to support UE capability 2 in a transparent way;
· Mode 2 is also supposed to support capability 3 UE which has part of Tx chains with full rated PAs; 
· Capability 1 UE which has full rated PA on each Tx chain could obviously be supported via mode 2. 
Therefore, these two modes can well support all capability UEs to reach full rated power and the above working assumption should be confirmed. 
In our view, 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: Confirm the working assumption about UL full power Tx made in RAN1#97.
· Support of Mode 1 or Mode 2, and information of TPMI that deliver full power in Mode 2, if supported, are included in the UE capability signals for full power Tx.
· Note that UE capability 1, 2, 3 should NOT be reported explicitly.
Considerations on mode 1
In mode 1, the remaining issue is about introduction of more TPMI candidates for non-coherent or partial-coherent UE to reach full rated Tx power. There are 2 options for TPMI subset enlargement as follows.
· Option 1: all TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15 are available for non-coherent or partial-coherent UE in mode 1. 
· Option 2: part of TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15 are available for non-coherent or partial-coherent UE in mode 1. 
Among these two options, option 1 is not good for its large overhead, and consequently Option 2 is recommended.
For option 2, the additional allowed TPMI candidates are selected from the TPMI from codebook in Rel-15, as shown in Table 4-7 in the appendix, but the codebook of the new TPMI candidate should be explained to reflect the uncertain relative phase of antenna ports in such case.  Specifically, 
· For 1 layer, non-coherent UE,
· 
TPMI 2 is needed for 2 antenna ports, which can be explained as precoder ,
· 
TPMI 12 is needed for 4 antenna ports, which can be explained as precoder ,



where , ,  can be any phases that UE may generate.
· For 1 layer, partial-coherent UE, 4 antenna ports, although the relative phase cannot be guaranteed between port group [0, 2] and [1, 3], the relative phase could be controlled between ports within the group. So, 
· 








 TPMI 13, 14,...19 are needed, which can be explained as precoders , , , ，，，，respectively, where  can be any phase that UE may generate.
· For 2 and 3 layer case, non-coherent UE and partial-coherent and full-coherent UE, 4 antenna ports,
· 



TPMI 6 for 2 layers, and TPMI 1 for 3 layers are needed, which can be explained as precoders  and respectively, where ,  can be any phases that UE may generate.

Proposal 2: The TPMI listed as follows should be allowed for non-coherent or partial-coherent UE, for mode 1. 
· For non-coherent UE, 1 layer: 
· 2 antenna ports, TPMI 2
· 4 antenna ports, TPMI 1
· For non-coherent UE, 2 layers:
· 4 antenna ports, TPMI 6
· For non-coherent UE, 3 layers:
· 4 antenna ports, TPMI 1
· For partial-coherent UE, 1 layer:
· 4 antenna ports, TPMI 13, 14,...19
Note that these allowed TPMIs should be explained as the corresponding precoders which can reflect the uncertain relative phase of antenna ports.
Considerations on mode 2
The details should be specified in the following aspects for mode 2:
· Scheme to deliver power capability per TPMI from UE to gNB
· Scheme to indicate SRI and TPMI and number of layers from gNB to UE
1.1.1  Scheme to deliver power capability per TPMI from UE to gNB
For non-coherent 4 port UE, all the TPMI precoders supported are as shown in Table 1. It seems redundant to report the power capability for each of these TPMI precoders. The last precoder in gray is for 4 layers, it already supports full rated power. And the power capability of the TPMI for 2 layers and 3 layers can be deduced with knowledge of the power capability of all the first 4 precoders.
Table 1 TPMI precoders supported for non-coherent 4 port UE
	

	

	

	


	

	

	

	


	

	

	

	



For partial-coherent 4 port UE, in addition to all the TPMI precoders in Table 1, more TPMI precoders listed in Table 2 are also supported. The TPMI precoders in gray already support full rated power. And the power capability of the TPMI for 1 layer with 2 NZP antenna ports can be deduced with knowledge of the power capability of all the first 4 TPMI precoders in Table 1.
Table 2 TPMI precoders supported for partial-coherent 4 port UE 
	

	

	

	


	

	

	

	


	

	

	

	


	

	

	

	


	

	

	

	




For non-coherent 2 port UE, all the TPMI precoders supported are as shown in Table 3. The last TPMI precoder in gray already supports full rated power. It only needs to report the power capability for the first 2 TPMI precoders.
Table 3 TPMI precoders supported for non-coherent 2 port UE
	

	

	

	



Regarding the power capability, there are two alternatives as follows.
· Alt 1: Whether or not support full rated power. E.g. 1: support, 0: not support.
· Alt 2: The power level, as a ratio to the full rated power. E.g. [1, 1/2, 1/4] for 4 ports, [1, 1/2] for 2 ports.
Alt 1 can only provide limited information, if a port selection TPMI precoder supports full rated power, the other TPMI precoders which includes this port must support full rated power. Otherwise the result is uncertain. But Alt 2 obviously can provide accurate power information, so that it is recommended. With Alt 2, the power capability of port selection TPMI precoder can be seen as max power for the corresponding port. 
For instance, the following method can be used to calculate the power capability of any other TPMI with Alt 2.
· Identify the NZP port set {pi,,..., pj} for the target TPMI, where pi, pj refer to different ports;
· Within port set {pi,,..., pj}, the maximum power for each port should be set as the power capability for the corresponding port selection TPMI as reported by UE;
· Since the transmit power of each NZP power port should be the same, the maximum power of the target TPMI should be number of NZP ports * min{ maximum power for each port within port set {pi,,..., pj}}, but should not exceed 1 which means full rated power..

In case of 4 antenna port, UE reports power capability for TPMI precoders [1, 0, 0, 0]T, [0, 1, 0, 0]T, [0, 0, 1, 0]T and [0, 0, 0, 1]T which can be seen as power capability for the four antenna ports respectively. For the TPMI , the power capability could be deduced by the power capabilities of TPMI precoders [0, 1, 0, 0]T,and [0, 0, 0, 1]T. 
· 
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  is 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  is 1/2.
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 port selection TPMIs. 
As for one port, no matter it is virtualized or not, it should support full power and needs no power capability report.
Proposal 3: UE only needs to report power capability for each of the port selection TPMI precoders.
· Note that power capability for other TPMI precoders can be deduced from the power capabilities for port selection TPMI precoders.
Proposal 4: The candidate value of power capability for each TPMI precoder is a ratio to the full rated power. 
· E.g. [1, 1/2, 1/4] for 4 ports case, [1, 1/2] for 2 ports case.
For full-coherent UE, although there exists precoders in Rel-15 which support full rated power, it should be further allowed to use the precoders with ZP port(s) to reach full rated power as long as PA supports full rated power. 
For partial-coherent UE, port selection precoder cannot reach full rated power in Rel-15, it should be further improved for the same reason in Rel-16.
Proposal 5: For full-coherent UE, more TPMI precoders should be allowed to reach full rated power as long as PA supports full rated power in mode 2. 
Proposal 6: For partial-coherent UE, port selection TPMI precoders should be allowed to reach full rated power as long as PA supports full rated power in mode 2. 
If a UE supports the maximum of 4 transmit chains and it supports 1, 2 and 4 antenna ports. The UE should report power capability for TPMI for 2 and 4 antenna ports respectively.
The power scaling factor for UE in mode 2 should depend on the power capability for each TPMI.
Proposal 7: The power scaling factor for UE in mode 2 should depend on the power capability for each TPMI. 
1.1.2  Scheme to indicate SRI and TPMI and number of layers from gNB to UE
Since multiple SRS resources with different number of SRS ports within a SRS resource set is allowed in mode 2, the SRI field in DCI needs further consideration.
In Rel-15, the size of SRI field in DCI for codebook based PUSCH is at most 1 bit which indicates one of two SRS resources in one SRS resource set. With more number of ports supported in mode 2 the SRI information needs more bits in DCI. The most straightforward extension is to increase the number of bits based on total number of candidate SRS resources.
For example, a UE supports 2 candidate beams (or panels), for each beam there are 3 kinds of the number of ports: 1, 2, 4. Then there are 6 SRS resources in the SRS resource set which needs 3 bits in DCI for SRI field.
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. In Rel-15 both the number of port and the maximum of layers UE supports are configured through RRC, so it is easy to determine the size of  precoding information and number of layers field in DCI. 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 most 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. However, the size of precoding information and number of layers field in DCI may be large due to a large maximum number of ports, but in many cases the DCI bits are not fully utilized since the actual number of ports of the indicated SRS resource may only need smaller size of precoding information and number of layers field. 
Observation 2: It is straightforward 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 but this causes unnecessary DCI overhead increase. 
Considering larger number of ports corresponds to more entries of precoding information and number of layers, it is beneficial to combine the number of port information into precoding information and number of layers field in DCI for overhead reduction purpose.
To be more specific, indication of SRS resource is split into two parts: Part 1 indicates the selected SRS resource subset, Part 2 indicates the number of SRS ports of the selected SRS resource in the selected subset. To achieve this, the SRS resources with different number of SRS ports but sharing the same spatial relation source are grouped into one subset.  Multiple subsets are formed respectively based on multiple spatial relation sources. The SRI field in DCI is used to select one of the SRS resource subsets to select spatial relation for part 1 indication. Part 2 indication is to select one of the SRS resources in the selected subset. Since each of the resources in the same subset has different number of SRS ports, by indicating number of SRS ports, the exact SRS resource can be identified.  
To save overhead, part 2 indication is combined into precoding information and number of layers field in DCI.
· For example, Table 8-11 as shown in Appendix 5.2 provide an example of the number of antenna port indicated in precoding information and number of layers field.
· For the maximum 4 antenna ports and maxRank = 2 or 3 or 4, as shown in Table 8, codebookSubset = fullyAndPartialAndNonCoherent and codebookSubset = partialAndNonCoherent, the number of antenna port indication causes one more bit, for codebookSubset = nonCoherent no more bit is needed.
· For the maximum 4 antenna ports and maxRank = 1, as shown in Table 9, codebookSubset = fullyAndPartialAndNonCoherent  and codebookSubset = partialAndNonCoherent, the number of antenna port indication causes no more bit, for codebookSubset = nonCoherent 1 more bit is needed.
· For the maximum 2 antenna ports and maxRank = 2, as shown in Table 10, the number of antenna port indication causes no more bit.
· For the maximum 2 antenna ports and maxRank = 1, as shown in Table 11,codebookSubset = nonCoherent, the number of antenna port indication causes 1 more bit, for codebookSubset = fullyAndPartialAndNonCoherent no more bit is needed.
Proposal 8: In mode 2, indication of SRS resource for codebook based transmission is split into two parts: Part 1 indicates the selected SRS resource subset, Part 2 indicates the number of SRS ports of the selected SRS resource in the selected subset. 
· SRS resources with different number of SRS ports but sharing the same spatial relation source are grouped into one subset.  
· Multiple subsets are formed respectively based on multiple spatial relation sources.  
· The SRI field in DCI is used to select one of the SRS resource subsets to select spatial relation for part 1 indication. 
· Part 2 indication is to select one of the SRS resources in the selected subset. By indicating number of SRS ports, the exact SRS resource can be identified.  
· Support joint indication of number of SRS ports (Part 2), precoding information and number of layers.
Furthermore, some limitations should be considered, such as,
· The number of different spatial relations configured for all SRS resources should not be larger than 2;
· The number of SRS resources with the same spatial relation should not be larger than 2;
Conclusions
In this contribution, we analyzed the full power scheme for NR Rel-16 power control and provide observations and proposals as follows.
Observation 1: 
· Mode 1 is supposed to support UE capability 2 which has no Tx chain with full rated PA in a non-transparent way; 
· Mode 2 is supposed to support UE capability 2 in a transparent way;
· Mode 2 is also supposed to support capability 3 UE which has part of Tx chains with full rated PAs; 
· Capability 1 UE which has full rated PA on each Tx chain could obviously be supported via mode 2. 
Proposal 1: Confirm the working assumption about UL full power Tx made in RAN1#97.
· Support of Mode 1 or Mode 2, and information of TPMI that deliver full power in Mode 2, if supported, are included in the UE capability signals for full power Tx.
· Note that UE capability 1, 2, 3 should NOT be reported explicitly.
Proposal 2: The TPMI listed as follows should be allowed for non-coherent or partial-coherent UE , for mode 1. 
· For non-coherent UE, 1 layer: 
· 2 antenna ports, TPMI 2
· 4 antenna ports, TPMI 1
· For non-coherent UE, 2 layers:
· 4 antenna ports, TPMI 6
· For non-coherent UE, 3 layers:
· 4 antenna ports, TPMI 1
· For partial-coherent UE, 1 layer:
· 4 antenna ports, TPMI 13, 14,...19
Note that these allowed TPMIs should be explained as the corresponding precoders which can reflect the uncertain relative phase of antenna ports.
Proposal 3: UE only needs to report power capability for each of the port selection TPMI precoders.
· Note that power capability for other TPMI precoder can be deduced from the power capabilities for port selection TPMI precoders.
Proposal 4: The candidate value of power capability for each TPMI precoder is a ratio to the full rated power. 
· E.g. [1, 1/2, 1/4] for 4 ports case, [1, 1/2] for 2 ports case.
Proposal 5: For full-coherent UE, more TPMI precoders should be allowed to reach full rated power as long as PA supports full rated power in mode 2. 
Proposal 6: For partial-coherent UE, port selection TPMI precoders should be allowed to reach full rated power as long as PA supports full rated power in mode 2. 
Proposal 7: The power scaling factor for UE in mode 2 should depend on the power capability for each TPMI. 
Observation 2: It is straightforward 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 but this causes unnecessary DCI overhead increase. 
Proposal 8: In mode 2, indication of SRS resource for codebook based transmission is split into two parts: Part 1 indicates the selected SRS resource subset, Part 2 indicates the number of SRS ports of the selected SRS resource in the selected subset. 
· SRS resources with different number of SRS ports but sharing the same spatial relation source are grouped into one subset.  
· Multiple subsets are formed respectively based on multiple spatial relation sources.  
· The SRI field in DCI is used to select one of the SRS resource subsets to select spatial relation for part 1 indication. 
· Part 2 indication is to select one of the SRS resources in the selected subset. By indicating number of SRS ports, the exact SRS resource can be identified.  
· Support joint indication of number of SRS ports (Part 2), precoding information and number of layers.
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Appendix
New allowed TPMI subset for mode 1
Tables 4 to 7 are modified from the corresponding tables in 38.212[2], where the lines in red are referring to the new allowed TPMI subset for mode 1. 
Table 4: 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

	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

	…
	…
	…
	…
	…
	…

	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

	…
	…
	…
	…
	…
	…

	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

	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
1 layer: TPMI=12

	…
	…
	…
	…
	13
	2 layers: TPMI=6

	
	
	
	
	14
	3 layers: TPMI=1

	
	
	
	
	15
	reserved

	19
	1 layer: TPMI=11
	19
	1 layer: TPMI=11
	
	

	20
	2 layers: TPMI=6
	20
	2 layers: TPMI=6
	
	

	…
	…
	…
	…
	
	

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

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

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

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

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

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

	…
	…
	33
	1 layer: TPMI=13
	
	

	
	
	...
	...
	
	

	
	
	39
	1 layer: TPMI=19
	
	

	
	
	40-63
	reserved
	
	

	47
	1 layers: TPMI=27
	
	
	
	

	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 5: 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

	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

	…
	…
	…
	…
	…
	…

	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=12

	…
	…
	…
	…
	5~7
	reserved

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

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

	…
	…
	13
	1 layer: TPMI=13
	
	

	
	
	...
	...
	
	

	
	
	19
	1 layer: TPMI=19
	
	

	27
	1 layers: TPMI=27
	20-31
	reserved
	
	

	28-31
	reserved
	
	
	
	



Table 6: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled and maxRank = 2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

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

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

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

	3
	1 layer: TPMI=2
	3
	Reserved
1 layer: TPMI=2

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	



Table 7: Precoding information and number of layers, for 2 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 = nonCoherent

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

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

	2
	1 layer: TPMI=2
	2
	1 layer: TPMI=2

	3
	1 layer: TPMI=3
	3
	reserved

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	



Example of the number of antenna port indicated in precoding information and number of layers field
Tables 8-11 are modified from the corresponding tables in 38.212[2] and showed an example of the number of antenna port indicated in precoding information and number of layers field.
Table 8: number of antenna port, Precoding information and number of layers, for maximum 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

	0
	4 antenna ports
1 layer: TPMI=0
	0
	4 antenna ports
1 layer: TPMI=0
	0
	4 antenna ports
 1 layer: TPMI=0

	1
	4 antenna ports
1 layer: TPMI=1
	1
	4 antenna ports
1 layer: TPMI=1
	1
	4 antenna ports
1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	4 antenna ports
1 layer: TPMI=3
	3
	4 antenna ports
1 layer: TPMI=3
	3
	4 antenna ports
1 layer: TPMI=3

	4
	4 antenna ports
2 layers: TPMI=0
	4
	4 antenna ports
2 layers: TPMI=0
	4
	4 antenna ports
2 layers: TPMI=0

	…
	…
	…
	…
	…
	…

	9
	4 antenna ports
2 layers: TPMI=5
	9
	4 antenna ports
2 layers: TPMI=5
	9
	4 antenna ports
2 layers: TPMI=5

	10
	4 antenna ports
3 layers: TPMI=0
	10
	4 antenna ports
3 layers: TPMI=0
	10
	4 antenna ports
3 layers: TPMI=0

	11
	4 antenna ports
4 layers: TPMI=0
	11
	4 antenna ports
4 layers: TPMI=0
	11
	4 antenna ports
4 layers: TPMI=0

	12
	4 antenna ports
1 layer: TPMI=4
	12
	4 antenna ports
1 layer: TPMI=4
	12
	
2 antenna ports
1 layer: TPMI=0

	…
	…
	…
	…
	13
	2 antenna ports
1 layer: TPMI=1

	19
	4 antenna ports
1 layer: TPMI=11
	19
	4 antenna ports
1 layer: TPMI=11
	14
	2 antenna ports
2 layers: TPMI=0

	20
	4 antenna ports
2 layers: TPMI=6
	20
	4 antenna ports
2 layers: TPMI=6
	15
	1 antenna port
1 layer

	…
	…
	…
	…
	
	

	27
	4 antenna ports
2 layers: TPMI=13
	27
	4 antenna ports
2 layers: TPMI=13
	
	

	28
	4 antenna ports
3 layers: TPMI=1
	28
	4 antenna ports
3 layers: TPMI=1
	
	

	29
	4 antenna ports
3 layers: TPMI=2
	29
	4 antenna ports
3 layers: TPMI=2
	
	

	30
	4 antenna ports
4 layers: TPMI=1
	30
	4 antenna ports
4 layers: TPMI=1
	
	

	31
	4 antenna ports
4 layers: TPMI=2
	31
	4 antenna ports
4 layers: TPMI=2
	
	

	32
	4 antenna ports
1 layers: TPMI=12
	32
	1 antenna port
1 layer
	
	

	…
	…
	33-63
	Reserved
	
	

	47
	4 antenna ports
1 layers: TPMI=27
	
	
	
	

	48
	4 antenna ports
2 layers: TPMI=14
	
	
	
	

	…
	…
	
	
	
	

	55
	4 antenna ports
2 layers: TPMI=21
	
	
	
	

	56
	4 antenna ports
3 layers: TPMI=3
	
	
	
	

	…
	…
	
	
	
	

	59
	4 antenna ports
3 layers: TPMI=6
	
	
	
	

	60
	4 antenna ports
4 layers: TPMI=3
	
	
	
	

	61
	4 antenna ports
4 layers: TPMI=4
	
	
	
	

	62
	
2 antenna ports
1 layer: TPMI=0
	
	
	
	

	63
	2 antenna ports
1 layer: TPMI=1
	
	
	
	

	64
	2 antenna ports
2 layers: TPMI=0
	
	
	
	

	65
	2 antenna ports
1 layer: TPMI=2
	
	
	
	

	66
	2 antenna ports
1 layer: TPMI=3
	
	
	
	

	67
	2 antenna ports
1 layer: TPMI=4
	
	
	
	

	68
	2 antenna ports
1 layer: TPMI=5
	
	
	
	

	69
	2 antenna ports
2 layers: TPMI=1
	
	
	
	

	70
	2 antenna ports
2 layers: TPMI=2
	
	
	
	

	71
	1 antenna port
1 layer
	
	
	
	

	72-127
	Reserved
	
	
	
	



Table 9: number of antenna port, Precoding information and number of layers for maximum 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

	0
	4 antenna ports
1 layer: TPMI=0
	0
	4 antenna ports
1 layer: TPMI=0
	0
	4 antenna ports
1 layer: TPMI=0

	1
	4 antenna ports
1 layer: TPMI=1
	1
	4 antenna ports
1 layer: TPMI=1
	1
	4 antenna ports
1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	4 antenna ports
1 layer: TPMI=3
	3
	4 antenna ports
1 layer: TPMI=3
	3
	4 antenna ports
1 layer: TPMI=3

	4
	4 antenna ports
1 layer: TPMI=4
	4
	4 antenna ports
1 layer: TPMI=4
	4
	
2 antenna ports
1 layer: TPMI=0

	…
	…
	…
	…
	5
	2 antenna ports
1 layer: TPMI=1

	11
	4 antenna ports
1 layer: TPMI=11
	11
	4 antenna ports
1 layer: TPMI=11
	6
	1 antenna port
1 layer

	12
	4 antenna ports
1 layers: TPMI=12
	12
	1 antenna port
1 layer
	7
	Reserved 

	…
	…
	13-15
	Reserved
	
	

	27
	4 antenna ports
1 layers: TPMI=27
	
	
	
	

	28
	2 antenna ports
1 layer: TPMI=0
	
	
	
	

	29
	2 antenna ports
1 layer: TPMI=1
	
	
	
	

	30
	2 antenna ports
1 layer: TPMI=2
	
	
	
	

	31
	2 antenna ports
1 layer: TPMI=3
	
	
	
	

	32
	2 antenna ports
1 layer: TPMI=4
	
	
	
	

	33
	2 antenna ports
1 layer: TPMI=5
	
	
	
	

	34
	1 antenna port
1 layer
	
	
	
	

	35-63
	reserved
	
	
	
	



Table 10: number of antenna port, Precoding information and number of layers, for maximum 2 antenna ports, if transform precoder is disabled and maxRank = 2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	2 antenna ports
1 layer: TPMI=0
	0
	2 antenna ports
1 layer: TPMI=0

	1
	2 antenna ports
1 layer: TPMI=1
	1
	2 antenna ports
1 layer: TPMI=1

	2
	2 antenna ports
2 layers: TPMI=0
	2
	2 antenna ports
2 layers: TPMI=0

	3
	2 antenna ports
1 layer: TPMI=2
	3
	1 antenna port
1 layer

	4
	2 antenna ports
1 layer: TPMI=3
	
	

	5
	2 antenna ports
1 layer: TPMI=4
	
	

	6
	2 antenna ports
1 layer: TPMI=5
	
	

	7
	2 antenna ports
2 layers: TPMI=1
	
	

	8
	2 antenna ports
2 layers: TPMI=2
	
	

	9
	1 antenna port
1 layer
	
	

	10-15
	reserved
	
	



Table 11: number of antenna port, Precoding information and number of layers, for maximum 2 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 = nonCoherent

	0
	2 antenna ports
1 layer: TPMI=0
	0
	2 antenna ports
1 layer: TPMI=0

	1
	2 antenna ports
1 layer: TPMI=1
	1
	2 antenna ports
1 layer: TPMI=1

	2
	2 antenna ports
1 layer: TPMI=2
	2
	1 antenna port
1 layer

	3
	2 antenna ports
1 layer: TPMI=3
	3
	reserved

	4
	2 antenna ports
1 layer: TPMI=4
	
	

	5
	2 antenna ports
1 layer: TPMI=5
	
	

	6
	1 antenna port
1 layer
	
	

	7
	reserved
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