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1	Introduction
Uplink codebook subset restriction based on RRC signaling is agreed in RAN1 #91 meeting to support 3 states of coherence levels (coherent, partial coherent, and non-coherent), with the agreements [1]:

	Agreements:
· For uplink codebook subset restriction based on RRC signaling, support 3 states to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission
· Definition of three states: One state to indicate coherent, partial coherent, and non-coherent transmission, one state to indicate partial coherent, and non-coherent, one state to indicate non-coherent transmission
· Only one state can be configured among the three states
· For a UE reporting its capability of partial coherent transmission, it shall not expect the gNB to configure the coherent transmission state.
· For a UE reporting its capability of non-coherent transmission, it shall not expect the gNB to configure the coherent or partial coherent transmission state.
· The size of the DCI field for TPMI is determined by the selected state
· TRI restriction (max transmit rank) is part of TPMI size reduction
· FFS: Whether TRI and TPMI are jointly or separately encoded



The RRC signaling “ULCodebookSubset” is defined to indicate one of the three states: Full+Partial+Non-Coherent, Partial+Non-Coherent, Non-Coherent [1].

An email discussion after RAN1 #91 meeting has reached this agreement on TPMI/TRI/SRI [2]:

	Agreements:
· For codebook based UL transmission,
· The rank of UL transmission is derived from TRI in UL DCI
· Encoding of the DMRS indicator is determined from the derived rank
· Support joint coding of TPMI and TRI
· The TPMI size and TRI size is based on the 3-state TPMI restriction and maximum TRI restriction
· Support up to 1-bit SRI, and its bit-width is determined by number of configured SRS resources in the set




Based on this agreement, joint TPMI and TRI coding is supported. One remaining issue from this agreement is the details of the joint coding. This contribution addresses this issue and propose a new indicator TPI (transmit precoding indicator), as a DCI field for joint coding of TPMI and TRI.


2	List of NR uplink codebooks
NR uplink codebooks have been captured in the updated 38.211 specification in seven tables, Table 6.3.1.5-1 to Table 6.3.1.5-7, for both DFT-S-OFDM and CP-OFDM, with 2Tx and 4Tx [3].

In these codebook tables, non-coherent precoders, partial-coherent precoders, and coherent precoders are listed without specific reference of their coherence levels. A summary of number of 2Tx and 4Tx precoders with different coherence levels can be listed here in Table 1 and Table 2, for both DFT-S-OFDM and CP-OFDM, with their respective valid precoders.
[bookmark: _Ref503516658]Table 1    Number of 4Tx precoders with different layers and coherence levels
	
	Full coherent
	Partial
	Non-coherent

	Rank 1
	16
	8
	4

	Rank 2
	8
	8
	6

	Rank 3
	4
	2
	1

	Rank 4
	2
	2
	1



[bookmark: _Ref503516683]Table 2    Number of 2Tx precoders with Rank 1/2 and two coherence levels
	
	Full coherent
	Non-coherent

	Rank 1
	4
	2

	Rank 2
	2
	1



These two tables is based on the direct summary of Table 6.3.1.5-1 to Table 6.3.1.5-7 of [3].

3	Joint TPMI and TRI coding
When the three coherence levels are supported as agreed in [1], we shall accumulate the precoders at different coherence levels, with consideration of various ranks. With these considerations, the number of precoders at the three coherent states, and at different maximum rank levels, are listed in Table 3 and Table 4. The number of bits to address precoders are also listed in the tables.

[bookmark: _Ref503517505]Table 3    Accumulated number of precoders (4Tx)
	
	Full+partial+non
	partial+non
	Non-coherent

	Rank 1
	28 (5 bits)
	12 (4 bits)
	4 (2 bits)

	Rank 1-2
	50 (6 bits)
	26 (5 bits)
	10 (4 bits)

	Rank 1-3
	57 (6 bits)
	29 (5 bits)
	11 (4 bits)

	Rank 1-4
	62 (6 bits)
	32 (5 bits)
	12 (4 bits)




[bookmark: _Ref503517507]Table 4    Accumulated number of precoders (2Tx)
	
	Full+non-coherent
	Non-coherent

	Rank 1
	6 (3 bits)
	2 (1 bits)

	Rank 1-2
	11 (4 bits)
	3 (2 bits)




To accommodate different states from the higher layer signaling “ULCodebookSubset”, and to consider the joint coding of TRI and TPMI, a new indicator shall be defined. The new indicator, called transmit precoding indicator (TPI), shall be used to jointly encode TRI and TPMI. 

When the maximum rank is 1, there is no need to have joint coding between TPMI and TRI. In this case, TPI is identical to TPMI. The number of TPI/TPMI in this case is 6 for 2Tx and 28 for 4Tx. However, when the maximum transmit rank is greater than 1, joint TPMI and TRI can be applied.

For 4Tx with the maximum rank of 2, 3 or 4, the TPI shall be defined in Table 5.
[bookmark: _Ref503518163]Table 5    TPI: joint coding for TRI and TPMI, 4Tx CP-OFDM, with max rank 2, 3 or 4
	
	
	4Tx CP-OFDM
Max rank: 2, 3, or 4

	
	TPI
	TRI
	TPMI

	Non-coherent
	0
	1
	0

	
	1
	1
	1

	
	2
	1
	2

	
	3
	1
	3

	
	4~9
	2
	0~5

	
	10
	3
	0

	
	11
	4
	0

	Partial coherent
	12~19
	1
	4~11

	
	20~27
	2
	6~13

	
	28
	3
	1

	
	29
	3
	2

	
	30
	4
	1

	
	31
	4
	2

	Coherent
	32~47
	1
	12~27

	
	48~55
	2
	14~21

	
	56~59
	3
	3~6

	
	60
	4
	3

	
	61
	4
	4




The TPI for 2Tx with maximum rank of 2 can be shown in Table 6.
[bookmark: _Ref503518399]Table 6    TPI, 2Tx, max rank=2
	
	
	2Tx CP-OFDM
Max rank: 2

	
	TPI
	TRI
	TPMI

	Non-coherent
	0
	1
	0

	
	1
	1
	1

	
	2
	1
	2

	
	3
	1
	3

	
	4
	2
	0

	
	5
	2
	1

	Coherent
	6
	1
	4

	
	7
	1
	5

	
	8
	2
	2

	
	9-15
	n/a





The TPI as defined in the table can be considered as a DCI field. TPI restriction based on coherence levels shall be used to cover the TPMI and TRI restrictions. Such TPI restriction can be simply implemented as follows:

Table 7    TPI range restriction
	
	Max rank
	Non-coherent
	Partial + non
	Full + partial + non

	2Tx DFT-S-OFDM
	1
	0~1
	n/a
	0~5

	2Tx CP-OFDM
	1
	0~1
	n/a
	0~5

	2Tx CP-OFDM
	2
	0~2
	n/a
	0~10

	4Tx DFT-S-OFDM
	1
	0~3
	0~11
	0~27

	4Tx CP-OFDM
	1
	0~3
	0~11
	0~27

	4Tx CP-OFDM
	2, 3, or 4
	0~11
	0~31
	0~61



With this implementation, we propose:

Proposal:	Define transmit precoding indicator (TPI) as a joint coding of TPMI and TRI for codebook based UL transmission.



4	Conclusion
This contribution addresses the remaining issue of joint TPMI and TRI coding for codebook based transmission. Based on NR uplink codebooks, we propose to define a new indicator, called transmit precoding indicator (TPI), as a joint coding of TPMI and TRI. The TPI can be conveniently applied with restriction to address the codebook subset restriction issue under different coherence levels.
We have this proposal:
Proposal:	Define transmit precoding indicator (TPI) as a joint coding of TPMI and TRI for codebook based UL transmission.
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