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1. Introduction
In this contribution, we discuss the remaining issues of UE capability signaling on full Tx power UL transmission.

2. UE capability signaling to report TPMI(s) enabling full Tx power for Mode 2 UE
2.1 The current TPMI(s) reporting for 4Tx Mode2 UE
In RAN1#99 meeting, following agreements were made on UE capability signaling to support full Tx power for Mode 2 UE.
Agreement
For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
· Non Coherent 2 bits
· Partial coherent 4 bits
· Additional entries on top of existing entries may be added to table 1 and table 2
· Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
Table 1.
4Tx, nonCoherent
4Tx, partial coherent (4bit)
G0
G0
G1
G1
G2
G2
G3
G3

G4

G5

G6


Definition of G0~G6 can be found in the table below.
Table 2.
[image: ]

As per the agreement, for 4Tx UE, group based TPMI reporting is introduced for non-coherent and partial-coherent UEs. For 4Tx non-coherent UE, the size of information bits to report TPMI(s) enabling full Tx power is 2bits. On the other hand, 4Tx partial-coherent UE reports the group based information with 4bits. However, as captured in Table 2 of the agreement, only 7 groups were specified in the last meeting for 4Tx partial-coherent UEs. It means that we can discuss whether additional groups need to be added (up to 9 new groups) to achieve UL full Tx power for different PA architectures as much as possible.

2.2 New TPMI Groups to support different PA architectures
Let us first look at how many different PA architectures can be there for 4Tx UE assuming possible power ratings for PAs are 23 dBm, 20 dBm and 17 dBm, i.e,  where . In fact, there are  PA architectures as shown in Table A-I and Table A-II in Appendix A.  However, as of now, it is not clear whether TPMI groups captured in Table 2 can cover all 81 PA architectures. Hence, it is essential to first identify which PA architectures are refrained from achieving UL full Tx power from current TPMI groups and effectively utilize rest of the 9 groups to cover those PA architectures as much as possible. Also, it is worth remarking here that, new groups should be able to support the transmission of maximum possible Rank for a given PA architecture. For an instance, if the PA architecture [23 20 17 17] is given, there should be a TPMI group which can support up to Rank=2 transmission. In the rest of the document, we discuss new TPMI group designing keeping in mind these design criteria.
2.2.1 Antenna port switching
Regarding the coherent port combinations, of 4Tx partial-coherent UE, it is generally understood that, 1st and 3rd antenna ports are a coherent pair while 2nd and 4th antenna ports are also a coherent pair. This understanding aligns well with the Rel-15 codebook design, i.e. Rel-15 partial-coherent precoders have non-zero PUSCH ports in pairs of 1st and 3rd or  2nd and 4th antenna ports for Rank=1. However, in the previous meetings, applicability of switching between PAs and antenna ports, i.e. whether antenna port switching is applicable only between coherent antenna ports or any antenna port, has not been clearly discussed. Hence, when designing new TPMI groups to cover 4Tx PA architectures as much as possible, we consider following two cases in this contribution:
· Case 1: antenna port switching is possible with any antenna port
· Case 2: antenna port switching is applicable only for coherent antenna ports
Next, we discuss new TPMI groups for 4Tx partial-coherent UEs pertaining to above two cases.
2.2.2 New TPMI groups for 4Tx partial-coherent UEs
In Appendix A, capture all possible 4Tx PA architectures. There are 75 combinations of PA architecture excluding 6 combinations which are the assumption of Mode0 or cannot achieve full Tx power.
In particular, with some careful analysis, we have listed which PA architecture can be supported for full Tx power with current TPMI grouping (‘Current TPMI group’ field in Table A-I and Table A-II). In case, if there is no current TPMI group that can support UL full Tx power for a given PA architecture, we have proposed new TPMI groups within “Required new TPMI group” field in Table A-I and Table A-II.  Note also that, our design criteria is such that, for a given PA architecture, a TPMI group that can support highest Rank for its capability is identified. 
Now, coming back to the case 1, as we can observe from the Table A-I, the current TPMI groups support only 25 PA architectures. On the other hand, for case 2, as can be observed from Table A-II, the current TPMI groups support only 17 PA architectures. Hence, it is necessary to introduce new TPMI groups to support UL full Tx power for those PA architectures not covered by current TPMI groups.
2.2.2.1 New TPMI groups for case 1
Firstly, we discuss new TPMI groups for case 1. We believe that designing new TPMI groups considering combinations of current groups is a reasonable approach. In particular, the column “Required new TPMI group” in Table A-I shows new TPMI groups for 4Tx partial-coherent UE considering combinations of current TPMI groups, i.e. combination of two current groups from G0, G1,…, G6. 
Note here that, the mapping rule between PA and antenna port is up to the UE implementation. Hence, if a given TPMI can provide UL full Tx power to PA architecture  then that TPMI can provide UL full Tx power to PA architecture  as well. For instance, TPMI [1 0 0 0] can provide UL full Tx power for Rank=1 to PA architecture [23 17 17 17] and [17 17 17 23]. We extensively use this fact when designing new TPMI groups.
Proposal 1:
· For case 1 (antenna port switching is possible between any antenna port): 4Tx partial-coherent UE supports following TPMI groups for Mode 2 operation 

Table 1: TPMI groups for 4Tx partial-coherent UE
	4Tx, partial coherent (4bits)

	G0

	G1

	G2

	G3

	G4

	G5

	G6

	G0, G4

	G0, G5

	G0, G6

	G1, G5

	G1, G6

	G2, G6

	Reserved

	Reserved 

	Reserved



Table 2: Definition of TPMI groups for 4Tx partial-coherent UE
	TPMI Groups
	Precoder enabling full Tx power

	G0
	

	G1
	, , 

	G2
	, , , , , , 

	G3
	, , , 

	G4
	, , , , 

	G5
	, , , , , , , 

	G6
	, , , , , , , ,
 , , , , , , 

	G0, G4
	, , , , 

	G0, G5
	,, , , , , , , 

	G0, G6
	,, , , , , , , ,
 , , , , , , 

	G1, G5
	, , ,, , , , , , , 

	G1, G6
	, , ,, , , , , , , ,
 , , , , , , 

	G2, G6
	, , , , , , ,, , , , , , , ,
 , , , , , , 



2.2.2.2 New TPMI groups for case 2
For case 2, new TPMI groups are captured in Table A-II. Note here that, as one of the TPMI group designing criteria, we consider port switching only between coherent antenna ports. Further, as mentioned previously, our target is to design new TPMI groups so as to achieve maximum possible transmission Rank for a given PA architecture. 
Now, compared to case 1, with additional restriction on port switching, there are issues with some of the PA architectures to achieve UL full Tx power when designing new TPMI groups only by combining already available groups. For an instance, consider the following scenario. The PA architecture,  where , cannot achieve UL full Tx power up to Rank=2 with any combination of current TPMI group(s). Hence, it is necessary to define a new TPMI group to support this type of PA architectures.
In particular, to achieve UL full Tx power for PA architectures of the form,  where , a new TPMI group including precoders  ,  should be introduced. In addition, to achieve UL full Tx power for PA architectures of the form, , a new TPMI group with the precoder  needs to be introduced (Note that PA architectures [17 20 20 17] and [20 17 17 20] can also be brought in to the form [20 20 17 17] by coherent antenna port switching). Based on this, we make the following proposal.
Proposal 2:
· For case 2 (antenna port switching can apply to coherent antenna ports only): following two new TPMI groups should be supported for Mode 2 operation of 4Tx partial-coherent UEs

Table 3: Definition of new TPMI groups without combination of the current groups
for 4Tx partial-coherent UE 
	TPMI Groups
	Precoder enabling full Tx power

	G7
	,

	G8
	



With that, the final set of new TPMI groups for case 2 can be captured as follows:

Proposal 3: 
· For case 2 (antenna port switching can apply to coherent antenna ports only): 4Tx partial-coherent UE should support following TPMI groups for Mode 2 operation 

Table 4: TPMI groups for 4Tx partial-coherent UE
	4Tx, partial coherent (4bits)

	G0

	G1

	G2

	G3

	G4

	G5

	G6

	G7

	G8

	G0, G4

	G0, G5

	G0, G6

	G1, G5

	G1, G6

	G2, G6

	Reserved 



Table 5: Definition of TPMI groups for 4Tx partial-coherent UE 
	TPMI Groups
	Precoder enabling full Tx power

	G0
	

	G1
	, , 

	G2
	, , , , , , 

	G3
	, , , 

	G4
	, , , , 

	G5
	, , , , , , , 

	G6
	, , , , , , , ,
 , , , , , , 

	G7
	,

	G8
	

	G0, G4
	, , , , 

	G0, G5
	,, , , , , , , 

	G0, G6
	,, , , , , , , ,
 , , , , , , 

	G1, G5
	, , ,, , , , , , 

	G1, G6
	, , ,, , , , , , , ,
 , , , , , 

	G2, G6
	, , , , , , ,, , , , , , , , , , 



3. Conclusion
In this contribution, we discussed the remaining issues on UE capability signaling for full Tx power UL transmission in Rel-16. Based on the discussion, we made following proposals.
Proposal 1:
· For case 1 (antenna port switching is possible between any antenna port): 4Tx partial-coherent UE supports following TPMI groups for Mode 2 operation 

Table 1: TPMI groups for 4Tx partial-coherent UE
	4Tx, partial coherent (4bits)

	G0

	G1

	G2

	G3

	G4

	G5

	G6

	G0, G4

	G0, G5

	G0, G6

	G1, G5

	G1, G6

	G2, G6

	Reserved

	Reserved 

	Reserved



Table 2: Definition of TPMI groups for 4Tx partial-coherent UE
	TPMI Groups
	Precoder enabling full Tx power

	G0
	

	G1
	, , 

	G2
	, , , , , , 

	G3
	, , , 

	G4
	, , , , 

	G5
	, , , , , , , 

	G6
	, , , , , , , ,
 , , , , , , 

	G0, G4
	, , , , 

	G0, G5
	,, , , , , , , 

	G0, G6
	,, , , , , , , ,
 , , , , , , 

	G1, G5
	, , ,, , , , , , , 

	G1, G6
	, , ,, , , , , , , ,
 , , , , , , 

	G2, G6
	, , , , , , ,, , , , , , , ,
 , , , , , , 



Proposal 2:
· For case 2 (antenna port switching can apply to coherent antenna ports only): following two new TPMI groups should be supported for Mode 2 operation of 4Tx partial-coherent UEs

Table 3: Definition of new TPMI groups without combination of the current groups
for 4Tx partial-coherent UE 
	TPMI Groups
	Precoder enabling full Tx power

	G7
	,

	G8
	



Proposal 3: 
· For case 2 (antenna port switching can apply to coherent antenna ports only): 4Tx partial-coherent UE should support following TPMI groups for Mode 2 operation 

Table 4: TPMI groups for 4Tx partial-coherent UE
	4Tx, partial coherent (4bits)

	G0

	G1

	G2

	G3

	G4

	G5

	G6

	G7

	G8

	G0, G4

	G0, G5

	G0, G6

	G1, G5

	G1, G6

	G2, G6

	Reserved 



Table 5: Definition of TPMI groups for 4Tx partial-coherent UE 
	TPMI Groups
	Precoder enabling full Tx power

	G0
	

	G1
	, , 

	G2
	, , , , , , 

	G3
	, , , 

	G4
	, , , , 

	G5
	, , , , , , , 

	G6
	, , , , , , , ,
 , , , , , , 

	G7
	,

	G8
	

	G0, G4
	, , , , 

	G0, G5
	,, , , , , , , 

	G0, G6
	,, , , , , , , ,
 , , , , , , 

	G1, G5
	, , ,, , , , , , 

	G1, G6
	, , ,, , , , , , , ,
 , , , , , 

	G2, G6
	, , , , , , ,, , , , , , , , , , 



Appendix A

Table A-I: All combination of PA architectures for 4Tx partial-coherent UE (for case1)
	Combination No.
	PA architecture
[dBm]
	Current TPMI group
	Required new TPMI group

	#1
	[23 20 20 20]
	
	G0 and G6

	#2
	[20 23 20 20]
	
	G0 and G6 w/ switching

	#3
	[20 20 23 20]
	
	G0 and G6 w/ switching

	#4
	[20 20 20 23]
	
	G0 and G6 

	#5
	[23 20 23 20]
	
	G1 and G6 

	#6
	[23 23 20 20]
	
	G1 and G6 w/ switching

	#7
	[23 20 20 23]
	
	G1 and G6 w/ switching

	#8
	[20 23 23 20]
	
	G1 and G6 w/ switching

	#9
	[20 23 20 23]
	
	G1 and G6 

	#10
	[20 20 23 23]
	
	G1 and G6 w/ switching

	#11
	[23 23 23 20]
	
	G2 and G6

	#12
	[23 23 20 23]
	
	G2 and G6 w/ switching

	#13
	[23 20 23 23]
	
	G2 and G6 w/ switching

	#14
	[20 23 23 23]
	
	G2 and G6

	#15
	[23 17 17 17]
	G0
	 

	#16
	[17 23 17 17]
	G0 w/ switching
	 

	#17
	[17 17 23 17]
	G0 w/ switching
	 

	#18
	[17 17 17 23]
	G0 
	 

	#19
	[23 17 23 17]
	G1
	

	#20
	[23 23 17 17]
	G1 w/ switching
	

	#21
	[23 17 17 23]
	G1 w/ switching
	

	#22
	[17 23 23 17]
	G1 w/ switching
	

	#23
	[17 23 17 23]
	G1 
	

	#24
	[17 17 23 23]
	G1 w/ switching
	 

	#25
	[23 23 23 17]
	G2
	 

	#26
	[23 23 17 23]
	G2 w/ switching
	 

	#27
	[23 17 23 23]
	G2 w/ switching
	 

	#28
	[17 23 23 23]
	G2 
	 

	#29
	[23 20 20 17]
	 
	G0 and G5 

	#30
	[23 20 17 20]
	 
	G0 and G5 w/ switching

	#31
	[23 17 20 20]
	 
	G0 and G5 w/ switching

	#32
	[17 23 20 20]
	 
	G0 and G5 w/ switching

	#33
	[17 20 23 20]
	 
	G0 and G5 w/ switching

	#34
	[17 20 20 23]
	 
	G0 and G5 

	#35
	[20 23 17 20]
	 
	G0 and G5 w/ switching

	#36
	[20 20 23 17]
	 
	G0 and G5 w/ switching

	#37
	[20 17 20 23]
	 
	G0 and G5 w/ switching

	#38
	[20 23 20 17]
	 
	G0 and G5 w/ switching

	#39
	[20 17 23 20]
	 
	G0 and G5 w/ switching

	#40
	[20 20 17 23]
	 
	G0 and G5 w/ switching

	#41
	[23 17 20 17]
	 
	G0 and G4

	#42
	[23 20 17 17]
	 
	G0 and G4 w/ switching

	#43
	[23 17 17 20]
	 
	G0 and G4 w/ switching

	#44
	[20 23 17 17]
	 
	G0 and G4 w/ switching

	#45
	[20 17 23 17]
	 
	G0 and G4 w/ switching

	#46
	[20 17 17 23]
	 
	G0 and G4 w/ switching

	#47
	[17 23 20 17]
	 
	G0 and G4 w/ switching

	#48
	[17 20 23 17]
	 
	G0 and G4 w/ switching

	#49
	[17 20 17 23]
	 
	G0 and G4

	#50
	[17 17 20 23]
	 
	G0 and G4 w/ switching

	#51
	[17 17 23 20]
	 
	G0 and G4 w/ switching

	#52
	[17 23 17 20]
	 
	G0 and G4 w/ switching

	#53
	[23 20 23 17]
	 
	G1 and G5

	#54
	[23 23 20 17]
	 
	G1 and G5 w/ switching

	#55
	[23 20 17 23]
	 
	G1 and G5 w/ switching

	#56
	[23 17 20 23]
	 
	G1 and G5 w/ switching

	#57
	[23 23 17 20]
	 
	G1 and G5 w/ switching

	#58
	[23 17 23 20]
	 
	G1 and G5 w/ switching

	#59
	[17 23 23 20]
	 
	G1 and G5 w/ switching

	#60
	[17 20 23 23]
	 
	G1 and G5 w/ switching

	#61
	[17 23 20 23]
	 
	G1 and G5

	#62
	[20 23 23 17]
	 
	G1 and G5 w/ switching

	#63
	[20 17 23 23]
	 
	G1 and G5 w/ switching

	#64
	[20 23 17 23]
	 
	G1 and G5 w/ switching

	#65
	[20 20 20 20]
	G6
	

	#66
	[20 20 20 17]
	G5
	

	#67
	[20 20 17 20]
	G5 w/ switching
	

	#68
	[20 17 20 20]
	G5 w/ switching
	

	#69
	[17 20 20 20]
	G5
	

	#70
	[20 17 20 17]
	G4
	

	#71
	[20 20 17 17]
	G4 w/ switching
	

	#72
	[17 20 20 17]
	G4 w/ switching
	

	#73
	[17 20 17 20]
	G4
	

	#74
	[20 17 17 20]
	G4 w/ switching
	

	#75
	[17 17 20 20]
	G4 w/ switching
	

	#76
	[23 23 23 23]
	Not needed (This PA architecture is supported by Mode 0)

	#77
	[20 17 17 17]
	Not needed (These PA architecture cannot achieve full Tx power by using any partial-coherent precoder.)

	#78
	[17 20 17 17]
	

	#79
	[17 17 20 17]
	

	#80
	[17 17 17 20]
	

	#81
	[17 17 17 17]
	



Table A-II: All combination of PA architectures for 4Tx partial-coherent UE (for case2)
	Combination No.
	PA architecture
[dBm]
	Current TPMI group
	Required new TPMI group

	#1
	[23 20 20 20]
	
	G0 and G6

	#2
	[20 23 20 20]
	
	G0 and G6 w/ switching

	#3
	[20 20 23 20]
	
	G0 and G6 w/ switching

	#4
	[20 20 20 23]
	
	G0 and G6 

	#5
	[23 20 23 20]
	
	G1 and G6 

	#6
	[23 23 20 20]
	
	G1 and G6 w/ switching

	#7
	[23 20 20 23]
	
	G1 and G6 w/ switching

	#8
	[20 23 23 20]
	
	G1 and G6 w/ switching

	#9
	[20 23 20 23]
	
	G1 and G6 

	#10
	[20 20 23 23]
	
	G1 and G6 w/ switching

	#11
	[23 23 23 20]
	
	G2 and G6

	#12
	[23 23 20 23]
	
	G2 and G6 w/ switching

	#13
	[23 20 23 23]
	
	G2 and G6 w/ switching

	#14
	[20 23 23 23]
	
	G2 and G6

	#15
	[23 17 17 17]
	G0
	 

	#16
	[17 23 17 17]
	G0 w/ switching
	 

	#17
	[17 17 23 17]
	G0 w/ switching
	 

	#18
	[17 17 17 23]
	G0 
	 

	#19
	[23 17 23 17]
	G1
	 

	#20
	[23 23 17 17]
	
	 G7

	#21
	[23 17 17 23]
	
	 G7 w/switching

	#22
	[17 23 23 17]
	
	 G7 w/switching

	#23
	[17 23 17 23]
	G1
	 

	#24
	[17 17 23 23]
	
	 G7

	#25
	[23 23 23 17]
	G2
	 

	#26
	[23 23 17 23]
	G2 w/ switching
	 

	#27
	[23 17 23 23]
	G2 w/ switching
	 

	#28
	[17 23 23 23]
	G2 
	 

	#29
	[23 20 20 17]
	 
	G0 and G5 

	#30
	[23 20 17 20]
	 
	G0 and G5 w/ switching

	#31
	[23 17 20 20]
	 
	G0 and G5 w/ switching

	#32
	[17 23 20 20]
	 
	G0 and G5 w/ switching

	#33
	[17 20 23 20]
	 
	G0 and G5 w/ switching

	#34
	[17 20 20 23]
	 
	G0 and G5 

	#35
	[20 23 17 20]
	 
	G0 and G5 w/ switching

	#36
	[20 20 23 17]
	 
	G0 and G5 w/ switching

	#37
	[20 17 20 23]
	 
	G0 and G5 w/ switching

	#38
	[20 23 20 17]
	 
	G0 and G5 w/ switching

	#39
	[20 17 23 20]
	 
	G0 and G5 w/ switching

	#40
	[20 20 17 23]
	 
	G0 and G5 w/ switching

	#41
	[23 17 20 17]
	 
	G0 and G4

	#42
	[23 20 17 17]
	 
	G7

	#43
	[23 17 17 20]
	 
	G7 w/ switching

	#44
	[20 23 17 17]
	 
	G7 w/ switching

	#45
	[20 17 23 17]
	 
	G0 and G4 w/ switching

	#46
	[20 17 17 23]
	 
	G7 w/ switching

	#47
	[17 23 20 17]
	 
	G7 w/ switching

	#48
	[17 20 23 17]
	 
	G7 w/ switching

	#49
	[17 20 17 23]
	 
	G0 and G4

	#50
	[17 17 20 23]
	 
	G7 

	#51
	[17 17 23 20]
	 
	G7 w/ switching

	#52
	[17 23 17 20]
	 
	G0 and G4 w/ switching

	#53
	[23 20 23 17]
	 
	G1 and G5

	#54
	[23 23 20 17]
	 
	G1 and G5 w/ switching

	#55
	[23 20 17 23]
	 
	G1 and G5 w/ switching

	#56
	[23 17 20 23]
	 
	G1 and G5 w/ switching

	#57
	[23 23 17 20]
	 
	G1 and G5 w/ switching

	#58
	[23 17 23 20]
	 
	G1 and G5 w/ switching

	#59
	[17 23 23 20]
	 
	G1 and G5 w/ switching

	#60
	[17 20 23 23]
	 
	G1 and G5 w/ switching

	#61
	[17 23 20 23]
	 
	G1 and G5

	#62
	[20 23 23 17]
	 
	G1 and G5 w/ switching

	#63
	[20 17 23 23]
	 
	G1 and G5 w/ switching

	#64
	[20 23 17 23]
	 
	G1 and G5 w/ switching

	#65
	[20 20 20 20]
	G6
	

	#66
	[20 20 20 17]
	G5
	

	#67
	[20 20 17 20]
	G5 w/ switching
	

	#68
	[20 17 20 20]
	G5 w/ switching
	

	#69
	[17 20 20 20]
	G5
	

	#70
	[20 17 20 17]
	G4
	

	#71
	[20 20 17 17]
	
	G8

	#72
	[17 20 20 17]
	
	G8 w/ switching

	#73
	[17 20 17 20]
	G4
	

	#74
	[20 17 17 20]
	
	G8 w/ switching

	#75
	[17 17 20 20]
	
	G8

	#76
	[23 23 23 23]
	Not needed (This PA architecture is supported by Mode 0)

	#77
	[20 17 17 17]
	Not needed (These PA architecture cannot achieve full Tx power by using any partial-coherent precoder.)

	#78
	[17 20 17 17]
	

	#79
	[17 17 20 17]
	

	#80
	[17 17 17 20]
	

	#81
	[17 17 17 17]
	



- 1/13 -
image1.emf
TPMI Groups   

G0  1 2 ൦ 1 0 0 0 ൪  

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

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

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

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

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

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

 


