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Introduction
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, we provide some discussion on the SRI/TPMI enhancements on the 8Tx uplink transmission.

[bookmark: _Ref178064866]Discussion on 8Tx
In RAN1#110 meeting, the following agreement has been made on 8Tx transmission [2]:
Agreement
8TX PUSCH is supported in Rel-18

Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

Current PUSCH transmission has two transmission modes: codebook based and non-codebook based transmission. Both transmission modes are very important and applied for different scenarios. The enhancements on 8Tx SU-MIMO is applicable to both codebook based UL transmission and non-codebook based UL transmission.
In RAN1#110bis meeting, the following has been approved on 8Tx transmission [3]:
Working Assumption
For uplink transmission with rank>4, support dual CW transmission.

Agreement
If dual CW is supported for uplink transmission with Rank>4 by an 8TX UE, reuse DL Rel-15 codeword to layer mapping for both codebook-based and non-codebook-based transmission.

Proposal 1: Confirm the Working Assumption to support dual CW for RANK>4 8Tx transmission for DG PUSCH.
In RAN1#111 meeting, the following agreement has been made on 8Tx transmission [4]:
Agreement: 
For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, 
· specify MCS, NDI, RV indication for the second CW
· specify PUSCH Scrambling for the second CW
· specify UCI multiplexing on PUSCH for dual CW transmission
· study whether/how Enabling/Disabling the second CW
FFS: Optimization of DCI to indicate the above
Note: Strive to reuse Rel-15 NR DL schemes where possible.

In RAN1#112 meeting, the following agreement has been made on 8Tx transmission [5]:
Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
· Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 
· FFS: Details on how to signal

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.

In RAN1#112bis meeting, the following agreement has been made on 8Tx transmission [6]:
Agreement
To configure PUSCH transmission by an 8TX UE, 
· Alt2: Max number of MIMO layers is RRC configured by extending the range of the legacy parameter maxRank and maxMIMO-Layers to 8

Agreement
To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the DL principle for CBGTI DCI field is reused where,
· The first half of CBGTI field bits is used to indicate the transmission state of CBGs of the first transport block, while the second half of CBGTI field bits is used to indicate the transmission state of CBGs of the second transport block.
· The bit field may be configured to have a length of N bits that can support operation of N/2 CBGs , where N=[2, 4, 6 or 8].

Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 

Agreement
For 8TX UE supporting dual CW PUSCH (Maximum number of layers configured for the UE is larger than 4) 
· Alt1 – DL principle is reused for disabling transmission of a transport block, where
· The combination of IMCS = 26 and rvid = 1 indicated for a CW is used as an indication to disable (when transmission rank<=4) transmission of its corresponding TB
· The enabled transport block is mapped to the first CW.
· Note: When the transmission of a transport block is disabled, the number of layers is ≤ 4.
· Note: the first CW refers to the enabled CW.

The enhancements on 2CW for DG PUSCH has been agreed as above, and there is one left issue on whether and how to support the 2CW for CG PUSCH, including CG Type 1 PUSCH and CG Type2 PUSCH.
In our view, CG types should also be supported. The motivation of the dual CW over single CW is the flexibility of better adaptation to different channel conditions. For CG Type 1, we are open to further discuss this how the gain of the adaptation could be achieved. For CG Type 2 PUSCH, we can support the enhancement for dual CW operation. And the enhancements include for CG Type 2 PUSCH,
· A second MCS field in the activating DCI;

Proposal 2: Support at least CG Type 2 PUSCH for the dual CW operation, with the following enhancements,
· A second MCS field in the activating DCI.
Proposal 3: If CG Type 1 PUSCH is supported for dual CW operation, also consider the following enhancement,
· Rep_RV can be configured separately to apply to each CW.

Codebook based
Fully-coherent codebook
In the previous RAN1 meetings, the following agreements have been achieved on Rel-18 UL 8Tx fully-coherent codebook [4]-[6].
	Agreement
For a fully coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)`
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
1. Study whether/how to support (O1, O2) = (2,1), (2,2)
4. whether for all rank, or rank 1-2, or rank 3-8
4. applicability of different (O1, O2) values per agreed (N1, N2)
4. companies are encouraged to submit simulation results

Conclusion
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.




The Rel-15 single panel DL Type I codebook has been agreed as the starting point for Rel-18 UL 8Tx fully-coherent codebook. When considering the single panel UE, the uniform linear array with (N1,N2) = (4,1) and uniform planar array with (N1,N2) = (2,2) are two typical antenna layouts as illustrated in Fig 1.


[bookmark: _Ref131599183]Fig 1 Antenna layouts for 8Tx UE.
Since Rel-15 single panel DL Type I codebook with (N1,N2) = (4,1) and (N1,N2) = (2,2) have been supported in the RAN1#112 meeting, and a pair of (N1,N2) can be configured with subject to UE capability, a UE capability can be introduced to report the supported antenna configuration to gNB.
Proposal 4: Introduce a UE capability to report the supported antenna configuration to gNB.

Construction of fully-coherent codebook
In Rel-15 UL 4Tx codebook, the fully-coherent codebook are specified as the subset of the Rel-15 DL Type I 4Tx codebook with reduced oversampling factor (O1,O2) = (2,1). The configuration parameters and number of Rel-15 UL 4Tx fully-coherent codewords are summarized in Table 1.
[bookmark: _Ref127179138]Table 1 Configuration parameters and number of Rel-15 UL 4Tx fully-coherent codebook.
	Number 
of ranks
	Configuration parameters
	Number 
of codewords

	1
	CodebookMode=1, L=1, N1=2, N2=1, O1=2, O2=1
	16

	2
	CodebookMode=1, L=1, N1=2, N2=1, O1=2, O2=1, i1,3=0
	8

	3
	CodebookMode=1-2, L=1, N1=2, N2=1, O1=2, O2=1, i1,1={0,2}, i1,3=0
	4

	4
	CodebookMode=1-2, L=1, N1=2, N2=1, O1=2, O2=1, i1,1=0, i1,3=0
	2



Given that with the increase of antenna ports, the cardinality of Rel-15 DL Type I 8Tx codebook becomes larger. In RAN1#113 meeting, there is no consensus to support any optional over-sampling ratio, i.e., the Rel-15 DL Type I 8Tx codebook only with (N1,N2,O1,O2) = (4,1,1,1) and (2,2,1,1) are supported. Table 2 lists the number of codewords of different configuration parameters.
[bookmark: _Ref111143206]Table 2 Number of codewords.
	[bookmark: OLE_LINK1]Configuration parameters
	Number of codewords

	(N1,N2,O1,O2)
	1
	2
	3
	4
	5
	6
	7
	8
	Total

	(4,1,1,1)
	16
	32
	24
	24
	8
	8
	4
	4
	120

	(2,2,1,1)
	16
	32
	24
	24
	8
	8
	8
	8
	128



[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Based on Rel-15 DL Type I codebook with (N1,N2,O1,O2) = (4,1,1,1) and (2,2,1,1), the Rel-18 UL 8Tx fully-coherent codebook can thus be constructed by mixing the codebook with (N1,N2) = (4,1) and (N1,N2) = (2,2). Next, we verify the codeword which belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2). Table 3-Table 6 show the index of the codeword that belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2) when number of ranks are 1, 2, 3, and 4, respectively. When the number of ranks is larger than 4, there is no codeword that belongs to neither (N1,N2) = (4,1) nor (N1,N2) = (2,2). For example, when rank =1, the first codeword in (N1,N2) = (4,1) is the same as the first codeword in (N1,N2) = (2,2), and the ninth codeword in (N1,N2) = (4,1) is the same as the fifth codeword in (N1,N2) = (2,2). In this table, the index of the codeword is generated by the loop with the order i1,1, i1,2, i1,3, and i2, if any.
[bookmark: _Ref131606782]Table 3 The index of the codeword that belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2) when rank=1.
	Configuration parameters
	Index of the codeword (starts from 1)

	(N1,N2) = (4,1)
	1
	2
	3
	4
	9
	10
	11
	12

	(N1,N2) = (2,2)
	1
	2
	3
	4
	5
	6
	7
	8



[bookmark: _Ref131606783]Table 4 The index of the codeword that belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2) when rank=2.
	Configuration parameters
	Index of the codeword (starts from 1)

	(N1,N2) = (4,1)
	1
	2
	5
	6
	17
	18
	21
	22

	(N1,N2) = (2,2)
	1
	2
	5
	6
	9
	10
	13
	14



Table 5 The index of the codeword that belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2) when rank=3.
	Configuration parameters
	Index of the codeword (starts from 1)

	(N1,N2) = (4,1)
	3
	4
	15
	16

	(N1,N2) = (2,2)
	3
	4
	9
	10



[bookmark: _Ref134604307]Table 6 The index of the codeword that belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2) when rank=4.
	Configuration parameters
	Index of the codeword (starts from 1)

	(N1,N2) = (4,1)
	3
	4
	15
	16

	(N1,N2) = (2,2)
	3
	4
	9
	10



In this case, the number of Rel-18 UL 8Tx fully-coherent codewords with different number of ranks is shown in Table 7. The total number of fully-coherent codewords is 128+120-(8+8+4+4)=224.
[bookmark: _Ref131608568]Table 7 Number of Rel-18 UL 8Tx fully-coherent codewords with different number of ranks.
	Number of ranks
	1
	2
	3
	4
	5
	6
	7
	8
	Total

	Number of codewords
	16+16-8=24
	32+32-8=56
	24+24-4=44
	24+24-4=44
	8+8=16
	8+8=16
	4+8=12
	4+8=12
	224



Proposal 5: For Rel-18 UL 8Tx fully-coherent codebook, support the union set of codebook with (N1,N2) = (4,1) and codebook with (N1,N2) = (2,2), and the cardinality of Rel-18 UL 8Tx fully-coherent codebook is 224.
Since the cardinality of Rel-18 UL 8Tx fully-coherent codebook is 224, the target size of Rel-18 UL 8Tx codebook can be designed as 512 and a single 8Tx TPMI with 9 bits overhead can be used to indicate the codewords if nested codebook is supported.
Proposal 6: For Rel-18 UL 8Tx codebook, the target size can be designed as 512 and a single 8Tx TPMI with 9 bits signalling overhead can be used to indicate the codewords if nested codebook is supported.

Subset selection
To further reduce the signalling overhead, a potential way is to select the subset of Rel-15 DL Type I 8Tx codebook with (O1,O2) = (1,1) following the similar rule as Rel-15 UL 4Tx codebook. For example,
(a) (N1,N2) = (4,1)
When rank=1, all the codewords are selected. When rank=2/3/4, the index i1,3 can be fixed as i1,3=0 which means the same or neighbouring beams are selected for the layers larger than 1. The index i1,1 can be fixed as i1,1={0,2} and i1,1={0} for rank=5/6 and rank=7/8, respectively.
(b) (N1,N2) = (2,2)
When rank=1, all the codewords are selected. When rank=2/3/4, the index i1,3 can be fixed as i1,3=0 which means the same or neighbouring beams are selected for the layers larger than 1. The index i1,2 can be fixed as i1,2={0} for rank=5/6, while the indices i1,1 and i1,2 can be respectively fixed as i1,1={0} and i1,2={0} for rank=7/8.
Link level simulation has been performed to evaluate the performance of the Rel-15 DL Type I 8Tx codebook with different configuration parameters. The detailed EVM is shown in Table 26 of the appendix.
[image: ]
[bookmark: _Ref134605609]Fig 2 Performance of fully-coherent codebook.
As illustrated in Fig 2, when the number of ranks is fixed as 4, for both (N1,N2) = (4,1) and (N1,N2) = (2,2), there is almost no performance loss for the codebook with fixed i1,3={0} compared to the codebook with flexible i1,3={0,1,2,3}.
Observation 1: For both (N1,N2) = (4,1) and (N1,N2) = (2,2), when the number of ranks is fixed as 4, there is almost no performance loss for the codebook with fixed i1,3={0} compared to the codebook with flexible i1,3={0,1,2,3}.
The detailed configuration parameters and number of Rel-18 UL 8Tx fully-coherent codewords for (N1,N2) = (4,1) and (N1,N2) = (2,2) are summarized in Table 8 and Table 9, respectively.
[bookmark: _Ref131602871]Table 8 Configuration parameters and number of 8Tx fully-coherent codewords for (N1,N2) = (4,1).
	Number 
of ranks
	Configuration parameters
	Number 
of codewords

	1
	N1=4, N2=1, O1=1, O2=1, i1,1={0,1,2,3}, i1,2={0}, i2={0,1,2,3}
	16=4*1*4

	2
	N1=4, N2=1, O1=1, O2=1, i1,1={0,1,2,3}, i1,2={0}, i1,3={0}, i2={0,1}
	8=4*1*1*2

	3
	N1=4, N2=1, O1=1, O2=1, i1,1={0,1,2,3}, i1,2={0}, i1,3={0}, i2={0,1}
	8=4*1*1*2

	4
	N1=4, N2=1, O1=1, O2=1, i1,1={0,1,2,3}, i1,2={0}, i1,3={0}, i2={0,1}
	8=4*1*1*2

	5
	N1=4, N2=1, O1=1, O2=1, i1,1={0,2}, i1,2={0}, i2={0,1}
	4=2*1*2

	6
	N1=4, N2=1, O1=1, O2=1, i1,1={0,2}, i1,2={0}, i2={0,1}
	4=2*1*2

	7
	N1=4, N2=1, O1=1, O2=1, i1,1={0}, i1,2={0}, i2={0,1}
	2=1*1*2

	8
	N1=4, N2=1, O1=1, O2=1, i1,1={0}, i1,2={0}, i2={0,1}
	2=1*1*2



[bookmark: _Ref131602872]Table 9 Configuration parameters and number of 8Tx fully-coherent codewords for (N1,N2) = (2,2).
	Number 
of ranks
	Configuration parameters
	Number 
of codewords

	1
	N1=2, N2=2, O1=1, O2=1, i1,1={0,1}, i1,2={0,1}, i2={0,1,2,3}
	16=2*2*4

	2
	N1=2, N2=2, O1=1, O2=1, i1,1={0,1}, i1,2={0,1}, i1,3={0}, i2={0,1}
	8=2*2*1*2

	3
	N1=2, N2=2, O1=1, O2=1, i1,1={0,1}, i1,2={0,1}, i1,3={0}, i2={0,1}
	8=2*2*1*2

	4
	N1=2, N2=2, O1=1, O2=1, i1,1={0,1}, i1,2={0,1}, i1,3={0}, i2={0,1}
	8=2*2*1*2

	5
	N1=2, N2=2, O1=1, O2=1, i1,1={0,1}, i1,2={0}, i2={0,1}
	4=2*1*2

	6
	N1=2, N2=2, O1=1, O2=1, i1,1={0,1}, i1,2={0}, i2={0,1}
	4=2*1*2

	7
	N1=2, N2=2, O1=1, O2=1, i1,1={0}, i1,2={0}, i2={0,1}
	2=1*1*2

	8
	N1=2, N2=2, O1=1, O2=1, i1,1={0}, i1,2={0}, i2={0,1}
	2=1*1*2



Proposal 7: For Rel-18 UL 8Tx fully-coherent codebook, support the following configuration parameters to reduce the signalling overhead.
· (N1,N2,O1,O2) = (4,1,1,1)
· Rank=1: i1,1={0,1,2,3}, i1,2={0}, i2={0,1,2,3}
· Rank=2,3,4: i1,1={0,1,2,3}, i1,2={0}, i1,3={0}, i2={0,1}
· Rank=5,6: i1,1={0,2}, i1,2={0}, i2={0,1}
· Rank=7,8: i1,1={0}, i1,2={0}, i2={0,1}
· (N1,N2,O1,O2) = (2,2,2,2)
· Rank=1: i1,1={0,1}, i1,2={0,1}, i2={0,1,2,3}
· Rank=2,3,4: i1,1={0,1}, i1,2={0,1}, i1,3={0}, i2={0,1}
· Rank=5,6: i1,1={0,1}, i1,2={0}, i2={0,1}
· Rank=7,8: i1,1={0}, i1,2={0}, i2={0,1}
The Rel-18 UL 8Tx fully-coherent codebook can thus be constructed by mixing the subset of codebook with (N1,N2) = (4,1) and (N1,N2) = (2,2). Next, we verify the codeword which belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2). Table 10 and Table 11 show the index of the codeword that belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2) when number of ranks are 1 and 2, respectively. When the number of ranks is larger than 2, there is no codeword that belongs to neither (N1,N2) = (4,1) nor (N1,N2) = (2,2).
[bookmark: _Ref134693382]Table 10 The index of the codeword that belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2) when rank=1.
	Configuration parameters
	Index of the codeword (starts from 1)

	(N1,N2) = (4,1)
	1
	2
	3
	4
	9
	10
	11
	12

	(N1,N2) = (2,2)
	1
	2
	3
	4
	5
	6
	7
	8



[bookmark: _Ref134693386]Table 11 The index of the codeword that belongs to both (N1,N2) = (4,1) and (N1,N2) = (2,2) when rank=2.
	Configuration parameters
	Index of the codeword (starts from 1)

	(N1,N2) = (4,1)
	1
	2
	5
	6

	(N1,N2) = (2,2)
	1
	2
	3
	4



In this case, the number of Rel-18 UL 8Tx fully-coherent codewords with different number of ranks is shown in Table 12. The total number of fully-coherent codewords is 92.
[bookmark: _Ref134605838]Table 12 Number of Rel-18 UL 8Tx fully-coherent codewords with different number of ranks.
	Number of ranks
	1
	2
	3
	4
	5
	6
	7
	8
	Total

	Number of codewords
	16+16-8=24
	8+8-4=12
	8+8=16
	8+8=16
	4+4=8
	4+4=8
	2+2=4
	2+2=4
	92



Proposal 8: For Rel-18 UL 8Tx fully-coherent codebook, to reduce the signalling overhead, support the union set of codebook subset with (N1,N2) = (4,1) and codebook subset with (N1,N2) = (2,2), and the cardinality of Rel-18 UL 8Tx fully-coherent codebook is 92.
What’s more, further increase the number of rank=2 codewords by selecting more candidates of index i1,3 can also be considered. For example, for rank=2, i1,3 can be fixed as {0,1}. Note that the number of rank=2 codewords is smaller than that of the rank=3/4 counterpart.
Proposal 9: For Rel-18 UL 8Tx fully-coherent codebook, fixing the candidates of {i1,1, i1,2, i1,3, i2} can be used to further reduce the signalling overhead.

Partially-coherent codebook
Antenna port groups
In RAN1#110b-e meeting, the following agreement has been made on port coherency scheme [3].
	Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0,2}, {4,6}, {1,3} and {5,7}
· Note: Other alternatives which are not foreseen are not precluded



For partially-coherent codebook, the first issue that need to be discussed is the number of antenna port groups and the port coherency schemes. Generally, the dual-polarization antenna pair with the similar positions can be considered as coherent transmission. The following two typical antenna configurations can be supported as illustrated in Fig 3.
· Two antenna port groups (Ng=2): e.g., port group {0,1,4,5} and {2,3,6,7}.
· Four antenna port groups (Ng=4): e.g., port group {0,4}, {1,5}, {2,6}, and {3,7}.


[bookmark: _Ref111036393]Fig 3 Antenna layout for 8Tx partially-coherent UE.
Proposal 10: Support Alt2 for two coherent groups of {0,1,4,5} and {2,3,6,7} for Ng=2. Support Alt1 for four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} for Ng=4.
It should be noted that when different port coherency schemes are used, each row of Rel-15 UL 4Tx/2Tx codewords should be set as the corresponding antenna ports. That is to say, row-interleaving operation should be used for Rel-18 UL 8Tx partially-coherent codewords to satisfy different port coherency schemes.
Proposal 11: Row-interleaving operation should be used for Rel-18 UL 8Tx partially-coherent codewords to satisfy different port coherency schemes.

Partially-coherent codebook for Ng=2
In the previous RAN1 meetings, the following agreements and working assumption have been made on Rel-18 UL 8Tx partially-coherent codebook for Ng=2 [5][6].
	Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)



· Select from the following cases based on the performance and overall DCI overhead
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2), (3,1), (1,3)

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.

Working Assumption
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)






	Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used




For the partially-coherent codebook, the rank splitting rule is another important issue. When the number of ranks are 2/3/4, both the balanced splitting and group-selection splitting should be considered to adapt the dynamic channel conditions. When the number of ranks is 5/6/7/8, only balanced splitting should be considered while the unbalanced splitting can be precluded. If all the combinations of layer splitting are supported, the number of UL 8Tx partially-coherent codebook with Ng=2 is 736 as shown in Table 13.
[bookmark: _Ref134609928]Table 13 Number of Rel-18 UL 8Tx partially-coherent codewords with Ng=2.
	Number of ranks
	Number of codewords
	Rank splitting
	Number of codewords 
for each rank splitting

	rank=1
	32
	(1,0)
	16

	
	
	(0,1)
	16

	rank=2
	272
	(2,0)
	8

	
	
	(0,2)
	8

	
	
	(1,1)
	16*16=256

	rank=3
	264
	(3,0)
	4

	
	
	(0,3)
	4

	
	
	(1,2)
	16*8=128

	
	
	(2,1)
	16*8=128

	rank=4
	68
	(4,0)
	2

	
	
	(0,4)
	2

	
	
	(2,2)
	8*8=64

	rank=5
	64
	(2,3)
	8*4=32

	
	
	(3,2)
	8*4=32

	rank=6
	16
	(3,3)
	4*4=16

	rank=7
	16
	(3,4)
	4*2=8

	
	
	(4,3)
	4*2=8

	rank=8
	4
	(4,4)
	2*2=4

	Total number of codewords
	736



To reduce the number of Rel-18 UL 8Tx partially-coherent codewords with Ng=2, the following two methods can be adopted.
The first method is to further reduce the combinations of layer splitting. Similar with the Rel-15 UL 4Tx rank=3 fully-coherent codewords, the (1,2) splitting can be prioritized over the (2,1) splitting for rank=3. The (2,3) splitting has a higher priority than the (3,2) splitting for rank=5 while the (3,4) splitting has a higher priority than the (4,3) splitting for rank=7.



The second method is to reduce the candidate of Rel-15 UL 4Tx fully-coherent codebook. One way is to minimize the cosine similarity between each codeword so that the space can be covered more completely. Firstly, randomly select a codeword (e.g., the first codeword) from the Rel-15 UL 4Tx codebook and move it to a null set . Secondly, calculate the cosine similarity between the selected codeword and all the unselected codewords, and the unselected codeword corresponding to the smallest cosine similarity is moved from the Rel-15 UL 4Tx codebook to set . Then, calculate the cosine similarity between the selected codeword and all the unselected codewords, and the unselected codeword corresponding to the smallest sum of cosine similarity is moved from the Rel-15 UL 4Tx codebook to set . Finally, repeat this step until the target size is achieved. For example, if we select 8 of 16, 4 of 8, 2 of 4, and 1 of 2 from Rel-15 UL 4Tx rank=1, 2, 3, and 4 codebook, respectively, the following codewords can be selected as highlighted in Table 14-Table 17.
[bookmark: _Ref134630125]Table 14 Rel-15 UL 4Tx rank=1 fully-coherent codebook.
	[bookmark: _Hlk500155670]index
	


	1 – 8
	

	

	

	

	

	

	

	


	9 – 16
	

	

	

	

	

	

	

	




[bookmark: _Ref131702797][bookmark: _Ref131702793]Table 15 Rel-15 UL 4Tx rank=2 fully-coherent codebook.
	index
	


	1 – 4
	

	

	

	


	5 – 8
	

	

	

	




Table 16 Rel-15 UL 4Tx rank=3 fully-coherent codebook.
	index
	


	1 – 4
	

	

	

	




[bookmark: _Ref134630128]Table 17 Rel-15 UL 4Tx rank=4 fully-coherent codebook.
	index
	


	1-2
	

	




To be specific, the following TPMI indices can be adopted to reduce the number of partially-coherent codebook with Ng=2.
· Rel-15 UL 4Tx Rank=1 fully-coherent codebook with TMPI indices [12 14 15 17 20 22 23 25] (size 8)
· Rel-15 UL 4Tx Rank=2 fully-coherent codebook with TMPI indices [14 17 18 21] (size 4)
· Rel-15 UL 4Tx Rank=3 fully-coherent codebook with TMPI indices [3 5] (size 2)
· Rel-15 UL 4Tx Rank=4 fully-coherent codebook with TMPI index [3] (size 1)
Fig 4 illustrates the performance of Ng=2 partially-coherent codebook when the number of ranks is fixed as 2. The partially-coherent codebook using all the Rel-15 UL 4Tx Rank=1 fully-coherent codebook with size 16 is provided as the benchmark. From this figure we can obtain that the proposed method achieves similar performance as the benchmark and outperforms the leaped-step selection method.
[image: ]
[bookmark: _Ref134630784]Fig 4 Performance of partially-coherent codebook with Ng=2.
In this case, as shown in Table 18, the number of Rel-18 UL 8Tx partially-coherent codewords with Ng=2 can be reduced from 736 to 165.
[bookmark: _Ref134631680]Table 18 Reduced number of Rel-18 UL 8Tx partially-coherent codewords with Ng=2.
	Number of ranks
	Number of codewords
	Rank splitting
	Number of codewords 
for each rank splitting

	[bookmark: _Hlk133938398]rank=1
	16
	(1,0)
	8

	
	
	(0,1)
	8

	rank=2
	72
	(2,0)
	4

	
	
	(0,2)
	4

	
	
	(1,1)
	8*8=64

	rank=3
	36
	(3,0)
	2

	
	
	(0,3)
	2

	
	
	(1,2)
	8*4=32

	rank=4
	18
	(4,0)
	1

	
	
	(0,4)
	1

	
	
	(2,2)
	4*4=16

	rank=5
	16
	(2,3)
	4*2=8

	rank=6
	4
	(3,3)
	2*2=4

	rank=7
	2
	(3,4)
	2*1=2

	rank=8
	1
	(4,4)
	1*1=1

	Total number of codewords
	165



To sum up, the partially-coherent codebook for Ng=2 can be computed as  where  and  are precoding matrices taken from the selected Rel-15 UL 4Tx fully-coherent codebook or empty matrix, and the rank() and rank() are determined based on the rank splitting rule for Ng=2.
Based on the above analysis and simulation result, we propose the following.
Proposal 12: Support the following rank splitting rules for Ng=2.
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3)

	6
	· 
	(3,3)

	7
	· 
	(3,4)



Proposal 13: For partially-coherent codebook with Ng=2, using the following Rel-15 UL 4Tx fully-coherent codewords.
· Rank=1 with TMPI indices [12 14 15 17 20 22 23 25] (size 8)
· Rank=2 with TMPI indices [14 17 18 21] (size 4)
· Rank=3 with TMPI indices [3 5] (size 2)
· Rank=4 with TMPI index [3] (size 1)
Proposal 14: For PUSCH transmission by a partially-coherent 8Tx UE with Ng=2, support the precoding structure  where  and  are precoding matrices taken from the selected Rel-15 UL 4Tx fully-coherent codebook or empty matrix, the rank=rank() + rank() is one of 1, 2, 3, 4, 5, 6, 7 or 8, and rank() and rank() are determined based on the rank splitting rule for Ng=2.

Partially-coherent codebook for Ng=4
In the RAN1#112b meeting, the following agreements have been made on Rel-18 UL 8Tx partially-coherent codebook for Ng=4 [6].
	Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction




	Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	·  

	2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	·  

	2
	· 
	Transmission by 2 of the 4 antenna groups:
(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)

	4
	·  
	(1,1,1,1)

	4
	· 
	Transmission by 2 of the 4 antenna groups:
(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)

	8
	·  
	(2, 2, 2, 2)


Note: Above is not relevant to how precoders are indicated.

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· In addition to the previously agreed cases, down-select from the rank and layer splitting cases listed below 
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	4
	· 
	Transmission by 3 of the 4 antenna groups:
(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2), {(2,2,2,1), (1,2,2,2), (2,2,1,2)






If all the combinations of layer splitting are supported, the number of UL 8Tx partially-coherent codebook with Ng=4 is 2400 as shown in Table 19.
[bookmark: _Ref134976522]Table 19 Number of Rel-18 UL 8Tx partially-coherent codewords with Ng=4.
	Number of ranks
	Number of codewords
	Rank splitting
	Number of codewords 
for each rank splitting

	rank=1
	16
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	4+4+4+4=16

	rank=2
	104
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	2+2+2+2=8

	
	
	(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)
	4*4*6=96

	rank=3
	352
	(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)
	4*2*12=96

	
	
	(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
	4*4*4*4=256

	rank=4
	664
	(1,1,1,1)
	4*4*4*4=256

	
	
	(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)
	2*2*6=24

	
	
	(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)
	4*4*2*12=384

	rank=5
	704
	(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
	2*2*4*12=192

	
	
	(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)
	4*4*4*2*4=512

	rank=6
	416
	(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
	2*2*2*4=32

	
	
	(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2)
	2*4*2*4*6=384

	rank=7
	128
	(2,1,2,2), (2,2,2,1), (1,2,2,2), (2,2,1,2)
	2*2*2*4*4=128

	rank=8
	16
	(2, 2, 2, 2)
	2*2*2*2=16

	Total number of codewords
	2400



Similar to Ng=2, the combinations of layer splitting and candidates of Rel-15 UL 2Tx fully-coherent codewords can be reduced.
Regarding rank splitting rule, to reduce the signaling overhead, the following rank splitting can be supported for Ng=4.
Proposal 15: In addition to the previously agreed cases, support the following rank splitting rule for Ng=4.
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)

Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	4
	· 
	Transmission by 3 of the 4 antenna groups:
(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2)

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2), (2,2,2,1), (1,2,2,2), (2,2,1,2)



Regarding the candidates of Rel-15 UL 2Tx fully-coherent codebook, considering to minimize the cosine similarity between each selected codewords. For example, the following TPMI indices can be adopted to reduce the number of partially-coherent codebook with Ng=4 as highlighted in Table 20 and Table 21.
[bookmark: _Ref134696269][bookmark: _Ref134696265]Table 20 Rel-15 UL 2Tx rank=1 codebook.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 5
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	-
	-



[bookmark: _Ref134696270]Table 21 Rel-15 UL 2Tx rank=2 codebook.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	



To be specific, the following TPMI indices can be adopted to reduce the number of partially-coherent codebook with Ng=4.
· Rel-15 UL 2Tx Rank=1 fully-coherent codebook with TMPI indices [2 3] (size 2)
· Rel-15 UL 2Tx Rank=2 fully-coherent codebook with TMPI index [2] (size 1)
Fig 5 illustrates the performance of Ng=4 partially-coherent codebook when the number of ranks is fixed as 2. The partially-coherent codebook using all the Rel-15 UL 2Tx Rank=1 fully-coherent codebook with size 4 is provided as the benchmark. From this figure we can obtain that the proposed method achieves very similar performance as the benchmark.
[image: ]
[bookmark: _Ref134632756]Fig 5 Performance of partially-coherent codebook with Ng=4.
In this case, as shown in Table 22, the reduced number of Rel-18 UL 8Tx partially-coherent codewords with Ng=4 can be computed as 101.
[bookmark: _Ref134632838]Table 22 Reduced number of Rel-18 UL 8Tx partially-coherent codewords with Ng=4.
	Number of ranks
	Number of codewords
	Rank splitting
	Number of codewords
for each rank splitting

	rank=1
	8
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	2+2+2+2=8

	rank=2
	28
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	1+1+1+1=4

	
	
	(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)
	2*2*6=24

	rank=3
	20
	(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)
	2*1*6=12

	
	
	(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
	2*2*2=8

	rank=4
	22
	(1,1,1,1)
	2*2*2*2=16

	
	
	(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)
	1*1*6=6

	
	
	(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)
	2*2*1*4=16

	rank=5
	12
	(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
	1*1*2*2=4

	
	
	(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)
	2*2*2*1*1=8

	rank=6
	8
	(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
	1*1*1*4=4

	
	
	(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2)
	1*2*1*2*1=4

	rank=7
	2
	(2,1,2,2), (2,2,2,1), (1,2,2,2), (2,2,1,2)
	1*1*1*2*1=2

	rank=8
	1
	(2, 2, 2, 2)
	1*1*1*1=1

	Total number of codewords
	101



To sum up, the partially-coherent codebook for Ng=4 can be computed as  where , ,  and  are precoding matrices taken from the selected Rel-15 2Tx UL fully-coherent codebook or empty matrix, the rank=rank() + rank() + rank() + rank() is one of 1, 2, 3, 4, 5, 6, 7 or 8, and the rank(), rank(), rank(), and rank() are determined based on the rank splitting rule.
Based on the above analysis and simulation result, we propose the following.
Proposal 16: For partially-coherent codebook with Ng=4, using the following Rel-15 UL 2Tx fully-coherent codewords.
· Rank=1 with TMPI indices [2 3] (size 2)
· Rank=2 with TMPI index [2] (size 1)
Proposal 17: For PUSCH transmission by a partially-coherent 8TX UE with Ng=4, support the precoding structure  where , ,  and  are precoding matrices taken from the selected Rel-15 2TX UL fully-coherent codebook or empty matrix, the rank= rank() + rank() + rank() + rank() is one of 1, 2, 3, 4, 5, 6, 7 or 8, and rank(), rank(), rank(), and rank() are determined based on the rank splitting rule.

Non-coherent codebook
In the previous RAN1 meeting, the following agreements and FL proposal have been achieved on Rel-18 UL 8Tx non-coherent codebook [5][6].
	Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .

Agreement
For non-coherent uplink precoding with rank≤8 by an 8TX UE, down-select from
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported
· Alt2. – Only a subset of Alt1. is supported, striving for a substantial reduction in the number of precoders




	Updated Proposal 3.5:  For non-coherent uplink precoding with rank≤8 by an 8TX UE, 
· Alt1. – All 255 combinations of non-coherent rank1 precoders are supported
· Alt2. – Only a subset of Alt1. is supported
· Example (ZTE, Samsung): For the shown antenna set up, NC precoders can be defined as follows,


	rank
	Ports selection

	1
	8: (a), (b), (c), (d), (e), (f), (g), (h)

	2
	7: (a, b), (c, d), (e, f), (g, h), (b, c), (d, e), (f, g)

	3
	6: (a, b, c), (c, d, e) (e, f, g), (b, c, d), (d, e, f), (f, g, h)

	4
	5: (a, b, c, d), (c, d, e, f), (e, f, g, h), (b, c, d, e), (d, e, f, g)

	5
	4: (a, b, c, d, e), (c, d, e, f, g), (b, c, d, e, f), (d, e, f, g, h)

	6
	3: (a, b, c, d, e, f), (c, d, e, f, g, h), (b, c, d, e, f, g)

	7
	2: (a, b, c, d, e, f, g), (b, c, d, e, f, g, h)

	8
	1: (a, b, c, d, e, f, g, h)

	total
	8+7+...+1 = 36







The Rel-18 UL 8Tx non-coherent codebook can be designed via the 8x1 antenna selection vectors/matrixes. When the number of ranks is L, all  antenna selection vectors/matrixes can be considered. In the previous RAN1 meeting, all the antenna selection vectors/matrixes are supported for rank=1.
However, to reduce the signalling overhead, the following rule can be used. When 1≤rank≤X, all the antenna selection vectors/matrixes are used. When X<Rank≤Y, a part of antenna selection vectors/matrixes are used. When Y<Rank≤8, only one antenna selection vector/matrix are used.
Considering the target size of Rel-18 UL 8Tx codebook can be designed as 512, the size of non-coherent codebook can be computed as 512-(128+120-24+165+101)=22. An example of the Rel-18 UL 8Tx non-coherent codebook and the corresponding size can be shown in Table 23 and Table 24. In this case, we have X=1 and Y=3. The scaling factor can be set as .
[bookmark: _Ref134637886]Table 23 Number of non-coherent codewords.
	Number of ranks
	1
	2
	3
	4
	5
	6
	7
	8

	Number of codewords
	8
	7
	2
	1
	1
	1
	1
	1

	Total number of codewords
	22



[bookmark: _Ref134637888]Table 24 Non-coherent codebook for rank=2-8.
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[bookmark: _Ref134697167]Fig 6 Performance of non-coherent codebook.
Fig 6 illustrates the performance of non-coherent codebook when the number of ranks is fixed as 2. The Rank=2 non-coherent codebook with size 28 is provided as the benchmark. From this figure we can obtain that the proposed Rank=2 non-coherent codebook suffers acceptable performance loss and outperforms the Rank=2 non-coherent codebook example as proposed in the FL proposal.
Based on the above analysis and simulation result, we propose the following.
Proposal 18: Support the following Rel-18 UL 8Tx non-coherent codebook for rank=2-8 with scaling factor of .
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Codebook subset restriction
In RAN1#112b-e meeting, the following agreement was made on codebook subset restriction [6].
	Agreement
For codebook -based 8TX PUSCH transmission, down-select from,
· Alt1
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can be configured with precoders considered for at least one or more  Ng cases, i.e., Ng= 4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE , Ng =8, can only be configured with precoders considered for Ng = 8
· Alt2 
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =2, can only be configured with precoders considered for one of Ng cases, i.e., Ng =2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can only be configured with precoders considered for one of Ng cases, i.e., Ng =4, 8
· FFS which Ng value(s), to be considered
· A non-coherent UE , with Ng =8, can only be configured with precoders considered for Ng = 8
· FFS whether/how the configuration can be done via RRC or MAC-CE.
· Alt3
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for Ng =1
· A partially-coherent UE , with Ng =2, can only use precoders considered for Ng =2
· A partially-coherent UE , with Ng =4, can only use precoders considered for Ng =4
· A non-coherent UE , with Ng =8, can only use precoders considered for Ng = 8
· Other alternatives are not precluded
Note: For an 8TX UE, Ng =8 can represent a non-coherent UE.




In the legacy rule, the fully-coherent UE can be configured with 'fullyAndPartialAndNonCoherent' codebook, partially-coherent UE can be configured with 'partialAndNonCoherent' codebook, and non-coherent UE can be configured with 'NonCoherent' codebook. The nested codebook is benefit for satisfying dynamical channel conditions. What’s more, the DCI signalling overhead can be restricted by reducing the number of codewords for each coherence types instead of restricting the flexibility of codebook subset configuration. We thus support Alt 1 and we support that a UE with Ng can be configured with precoders considered for all Ng cases.
Proposal 19: For codebook-based 8TX PUSCH transmission, support Alt 1 and support that a UE with Ng can be configured with precoders considered for all Ng cases, i.e.,
· A fully-coherent UE, with Ng =1, can be configured with precoders considered for Ng =1, 2, 4, and 8
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for Ng =2, 4, and 8
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for Ng= 4, and 8
· A non-coherent UE, with Ng =8, can only be configured with precoders considered for Ng = 8

TPMI design
In the previous RAN1 meetings, the following agreements were made on TPMI design [4][6].
	Agreement
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
1. Separate indication of TRI and TPMI
1. Joint indication of TRI and TPMI

Agreement
For partially coherent 8TX precoding with Ng =2, the precoder is based on up to two full-coherent 4TX precoders. Down-select one of the following options for precoder indication,
· Option 3 – Up to two 4TX TPMIs are indicated,
· When two TMPIs are indicated, the first is applied on one of antenna group, and the second is applied on the other antenna group,
· FFS : details of TPMI indication when one antenna group is used
· Option 4 – A single 8TX TPMI is indicated
· Other options are not precluded




In Rel-15 UL 4Tx codebook, the precoding matrix is indicated jointly by TPMI and TRI. The number of Rel-15 UL 4Tx codewords is 62 and the signalling overhead is 6 bits.
For Rel-18 UL 8Tx fully-coherent codebook, it should be constructed by mixing the codebook with (N1,N2) = (4,1) and codebook with (N1,N2) = (2,2). It is more reasonable to use a single 8Tx TPMI to jointly indicate the TRI and TPMI as legacy.
For non-coherent codebook, a single 8Tx TPMI can also be adopted to jointly indicate the TRI and TPMI as legacy.
For partially-coherent codebook, either option 3 or option 4 is workable.
For option 4, the joint indication of TRI and TPMI results in a unified solution.

For option 3, when one antenna group is activated and one TPMI is indicated, details of TPMI indication should be discussed. One way is to introduce a field to indicate the indicated precoding matrix is used for which antenna group. On one hand, this field is only used when rank is smaller than 5, which results in a dynamically varied bitwidth. What’s more, the number of ranks should also be indicated by additionally using 3 bits. On the other hand, when Ng=2, this field only need 1 bit to indicate one antenna group, However, when Ng=4, at most 3 bits are used to indicate two antenna groups from the four antenna groups () which is unacceptable. To avoid this issue, we propose to design a new table which includes all the (selected) candidates of Rel-15 UL 4Tx fully-coherent codebook and an empty matrix, and always using two TPMIs to indicate. If the first TPMI indicates the empty matrix, which means the second antenna group is activated, and vice versa. If all the Rel-15 UL 4Tx fully-coherent codewords are supported, each TPMI needs 5 bits (16+8+4+2+1=31). If half of the Rel-15 UL 4Tx fully-coherent codewords are supported, each TPMI only needs 4 bits (8+4+2+1+1=16). When Ng=4, a new table which includes all the (selected) candidates of Rel-15 UL 2Tx fully-coherent codebook and an empty matrix can be introduced. If all the Rel-15 UL 2Tx fully-coherent codewords are used, each TPMI needs 3 bits (4+2+1=7). If half of the Rel-15 UL 2Tx fully-coherent codewords is used, each TPMI only needs 2 bits (2+1+1=4). For example, if all the Rel-15 UL 2Tx full-coherent codewords are supported, the new table can be designed as shown in Table 25.
[bookmark: _Ref134705149][bookmark: _Ref134705146]Table 25 Example for Ng=4.
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	empty marix
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As a result, our first preference is to adopt a unified indication solution, i.e., using a single 8Tx TPMI to jointly indicate the TRI and TPMI for fully-coherent, partially-coherent, and non-coherent codebook as legacy. The bitwidth of the filed precoding information and number of layers for 8 antenna ports can be designed as 9 bits. Our second preference is using two 4Tx TPMIs and four 2Tx TPMIs to indicate partially-coherent codebook with Ng=2 and Ng=4, respectively. Each 4Tx TPMI and 2Tx TPMI should include an empty matrix.
Proposal 20: For Rel-18 UL 8Tx codebook, support joint indication of TRI and TPMI as legacy, and the bitwidth of the filed precoding information and number of layers for 8 antenna ports can be designed as 9 bits.
Proposal 21: For Rel-18 UL 8Tx partially-coherent codebook with Ng=2, if nested codebook is not supported, support using two 4Tx TPMIs to indicate the precoding matrix and each 4Tx TPMI includes an empty matrix.
Proposal 22: For Rel-18 UL 8Tx partially-coherent codebook with Ng=4, if nested codebook is not supported, support using four 2Tx TPMIs to indicate the precoding matrix and each 2Tx TPMI includes an empty matrix.

Conclusion
In this discussion, we provide our views on the SRI/TPMI enhancements on the 8Tx uplink transmission, our proposals are as follows:

Proposal 1: Confirm the Working Assumption to support dual CW for RANK>4 8Tx transmission for DG PUSCH.
Proposal 2: Support at least CG Type 2 PUSCH for the dual CW operation, with the following enhancements,
· [bookmark: _GoBack]A second MCS field in the activating DCI.
Proposal 3: If CG Type 1 PUSCH is supported for dual CW operation, also consider the following enhancement,
· Rep_RV can be configured separately to apply to each CW.
Proposal 4: Introduce a UE capability to report the supported antenna configuration to gNB.
Proposal 5: For Rel-18 UL 8Tx fully-coherent codebook, support the union set of codebook with (N1,N2) = (4,1) and codebook with (N1,N2) = (2,2), and the cardinality of Rel-18 UL 8Tx fully-coherent codebook is 224.
Proposal 6: For Rel-18 UL 8Tx codebook, the target size can be designed as 512 and a single 8Tx TPMI with 9 bits signalling overhead can be used to indicate the codewords if nested codebook is supported.
Observation 1: For both (N1,N2) = (4,1) and (N1,N2) = (2,2), when the number of ranks is fixed as 4, there is almost no performance loss for the codebook with fixed i1,3={0} compared to the codebook with flexible i1,3={0,1,2,3}.
Proposal 7: For Rel-18 UL 8Tx fully-coherent codebook, support the following configuration parameters to reduce the signalling overhead.
· (N1,N2,O1,O2) = (4,1,1,1)
· Rank=1: i1,1={0,1,2,3}, i1,2={0}, i2={0,1,2,3}
· Rank=2,3,4: i1,1={0,1,2,3}, i1,2={0}, i1,3={0}, i2={0,1}
· Rank=5,6: i1,1={0,2}, i1,2={0}, i2={0,1}
· Rank=7,8: i1,1={0}, i1,2={0}, i2={0,1}
· (N1,N2,O1,O2) = (2,2,2,2)
· Rank=1: i1,1={0,1}, i1,2={0,1}, i2={0,1,2,3}
· Rank=2,3,4: i1,1={0,1}, i1,2={0,1}, i1,3={0}, i2={0,1}
· Rank=5,6: i1,1={0,1}, i1,2={0}, i2={0,1}
· Rank=7,8: i1,1={0}, i1,2={0}, i2={0,1}
Proposal 8: For Rel-18 UL 8Tx fully-coherent codebook, to reduce the signalling overhead, support the union set of codebook subset with (N1,N2) = (4,1) and codebook subset with (N1,N2) = (2,2), and the cardinality of Rel-18 UL 8Tx fully-coherent codebook is 92.
Proposal 9: For Rel-18 UL 8Tx fully-coherent codebook, fixing the candidates of {i1,1, i1,2, i1,3, i2} can be used to further reduce the signalling overhead.
Proposal 10: Support Alt2 for two coherent groups of {0,1,4,5} and {2,3,6,7} for Ng=2. Support Alt1 for four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} for Ng=4.
Proposal 11: Row-interleaving operation should be used for Rel-18 UL 8Tx partially-coherent codewords to satisfy different port coherency schemes.
Proposal 12: Support the following rank splitting rules for Ng=2.
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3)

	6
	· 
	(3,3)

	7
	· 
	(3,4)



Proposal 13: For partially-coherent codebook with Ng=2, using the following Rel-15 UL 4Tx fully-coherent codewords.
· Rank=1 with TMPI indices [12 14 15 17 20 22 23 25] (size 8)
· Rank=2 with TMPI indices [14 17 18 21] (size 4)
· Rank=3 with TMPI indices [3 5] (size 2)
· Rank=4 with TMPI index [3] (size 1)
Proposal 14: For PUSCH transmission by a partially-coherent 8Tx UE with Ng=2, support the precoding structure  where  and  are precoding matrices taken from the selected Rel-15 UL 4Tx fully-coherent codebook or empty matrix, the rank=rank() + rank() is one of 1, 2, 3, 4, 5, 6, 7 or 8, and rank() and rank() are determined based on the rank splitting rule for Ng=2.
Proposal 15: In addition to the previously agreed cases, support the following rank splitting rule for Ng=4.
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)

Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	4
	· 
	Transmission by 3 of the 4 antenna groups:
(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2)

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2), (2,2,2,1), (1,2,2,2), (2,2,1,2)



Proposal 16: For partially-coherent codebook with Ng=4, using the following Rel-15 UL 2Tx fully-coherent codewords.
· Rank=1 with TMPI indices [2 3] (size 2)
· Rank=2 with TMPI index [2] (size 1)
Proposal 17: For PUSCH transmission by a partially-coherent 8TX UE with Ng=4, support the precoding structure  where , ,  and  are precoding matrices taken from the selected Rel-15 2TX UL fully-coherent codebook or empty matrix, the rank= rank() + rank() + rank() + rank() is one of 1, 2, 3, 4, 5, 6, 7 or 8, and rank(), rank(), rank(), and rank() are determined based on the rank splitting rule.
Proposal 18: Support the following Rel-18 UL 8Tx non-coherent codebook for rank=2-8 with scaling factor of .
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Proposal 19: For codebook-based 8TX PUSCH transmission, support Alt 1 and support that a UE with Ng can be configured with precoders considered for all Ng cases, i.e.,
· A fully-coherent UE, with Ng =1, can be configured with precoders considered for Ng =1, 2, 4, and 8
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for Ng =2, 4, and 8
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for Ng= 4, and 8
· A non-coherent UE, with Ng =8, can only be configured with precoders considered for Ng = 8
Proposal 20: For Rel-18 UL 8Tx codebook, support joint indication of TRI and TPMI as legacy, and the bitwidth of the filed precoding information and number of layers for 8 antenna ports can be designed as 9 bits.
Proposal 21: For Rel-18 UL 8Tx partially-coherent codebook with Ng=2, if nested codebook is not supported, support using two 4Tx TPMIs to indicate the precoding matrix and each 4Tx TPMI includes an empty matrix.
Proposal 22: For Rel-18 UL 8Tx partially-coherent codebook with Ng=4, if nested codebook is not supported, support using four 2Tx TPMIs to indicate the precoding matrix and each 2Tx TPMI includes an empty matrix.
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Appendix
[bookmark: _Ref127179891]Table 26 EVM for performance evaluation.
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz

	Scheduled PRBs
	50 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
	(2,2,2,1,1,2,2) with (dH, dV) = (0.5, 0.5)λ

	UE TX antenna configuration (N1,N2O1,O2)
	(4,1,2,1) and (2,2,2,2) with 0.5λ

	UE speed
	3 km/h

	Number of Layers
	Fixed

	Modulation
	QPSK

	Code Rate
	0.4385

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-C (300ns)

	Receiver
	MMSE
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