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Introduction
In Rel-18, a work item was approved for further MIMO enhancements (WID in RP-213598 [1]), and the study and possible specification of 8 Tx UL operation is included as one of the objectives.
	6. 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 discuss the remaining issues on SRI and TPMI enhancements for enabling 8 Tx UL operation.
Discussions
Codebook design and indications
Full coherent codebook
For full coherent codebook, the following was agreed in RAN1#112:
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 remaining issue is the TPMI indication signaling. With the agreed fully-coherent codebook design, there are a total of 128 precoders for (N1, N2) = (2, 2), and 120 precoders for (N1, N2) = (4, 1). We can consider the following two options for RI/TPMI indication:
· Option 1: an index is given to each precoder, and the index is indicated in the TPMI field.
· This requires 7 bits for the TPMI field.
· This will likely require a table that provides the mapping between the TPMI and all the precoders to be included in the specifications, and require the gNB and UE to save the mapping table in the memory.
· Option 2: RI and TPMI are separately indicated in the DCI.
· RI requires 3 bits to indicate rank 1 to 8.
· The TPMI field is a concatenation of (if needed) and . Depending on the value of RI, the actual number of bits for TPMI can vary. The maximum number of bits required is 5 (for rank 2/3/4).
· The total number of bits required for RI/TPMI indication is 8.
· Formula can be provided to derive the precoders based on the indication, which may require less specification work and less memory for gNB/UE.
Both options can work well, with the second option requiring 1 more bit. We slightly prefer Option 2 as we think it provides more intuition, and may save some implementation complexity. A total number of 8 bits may not be too large compared to other types of codebook. 
Proposal 1: For fully-coherent codebook with 8Tx UL, use separate indication of RI (3 bits) and TPMI (5 bits), where the TPMI is a concatenation of (if needed) and  as defined in Rel-15 single panel DL Type I codebook.

Partial coherent codebook with Ng = 2
For partial coherent codebook with Ng = 2, the following has been agreed:
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

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 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 terms of the signaling for precoder indication, with Option 3, each 4Tx TPMI requires 5 bits, to represent one of the 30 4Tx FC precoders, plus another entry representing no transmission from an antenna group. This means a total of 10 bits with 2 TPMIs, one per antenna group. Note that 10 bits can even support all the possible layer splitting combinations without any down-selection.
With Option 4, the main motivation is to save overhead, and the number of bits depends on the number of precoders. For the agreed layer splitting combinations (including the ones in the working assumption), assuming we include all the 4Tx FC precoders, the number of precoders for each case is summarized in Table 1, with a total number of precoders equal to 736. This would still need 10 bits. Even if we remove the combinations in red font in Table 1, there are still a total of 568 bits, which requires 10 bits.
Potentially the 4Tx FC precoders can be further down-selected for some ranks to bring the overhead down to e.g. 9 bits or even less. The question is whether it is worth the effort and complexity to do such down-selection to save just 1 bit. Generally speaking, we think the DCI overhead may not be the biggest concern for 8Tx UEs due to the number of antennas the UEs have and the use cases of interest. Therefore, we prefer to keep the design simpler without doing too much optimization.
Due to these considerations, we prefer Option 3, which would require less specification effort and less implementation complexity. If 10 bits are used anyway, we can even revert the working assumption and choose to support all the layer splitting combinations.
Table 1 Number of precoders for each layer splitting combination considering all 4Tx FC precoders
	Rank
	1
	2
	3
	4
	5
	6
	7
	8

	Layer splitting
	(1, 0)
(0, 1)
	(2, 0)
(0, 2)
	(1, 1)
	(3, 0)
(0, 3)
	(1, 2)
(2, 1)
	(4, 0)
(0, 4)
	(2, 2)
	(2, 3)
(3, 2)
	(3, 3)
	(3, 4)
(4, 3)
	(4, 4)

	# of precoders
	16
	8
	16x16=256
	4
	16x8=128
	2
	8x8=64
	8x4=32
	4x4=16
	4x2=8
	2x2=4

	Sub-total
	32
	272
	264
	68
	64
	16
	16
	4

	Total
	736



Proposal 2: For partially-coherent codebook with 8Tx UL and Ng=2, adopt Option 3, using two 4TX TPMIs (10 bits in total).
· Add one entry for TPMI to indicate no transmission from an antenna group
· The first TPMI is applied on one antenna group, and the second TPMI is applied on the other antenna group.
· All the combinations of layer splitting can be supported (i.e. the working assumption can be reverted).
On whether all the layers for each CW should be mapped to only one antenna group when rank > 4, it is unclear to us why such restriction is necessary or what benefit it brings. At least for rank <=4, only 1 codeword is supported, and layers may be split between two antenna groups already. There is no immediate reason why layer splitting cannot be done similarly in case of two codewords.
In addition, we already agreed to reuse DL Rel-15 codeword to layer mapping. This mapping is fixed. E.g. in case of 5 layers, the 1st codeword is mapped to the first 2 layers, and the 2nd codeword is mapped to the remaining 3 layers. With such mapping, it is not clear to us how we can support both (2, 3) and (3, 2) layer splitting combinations and always having one codeword mapping within one antenna group. Therefore, no such restriction should be introduced.
Proposal 3: For partial coherent codebook design with Ng = 2, there is no restriction that one codeword is mapped to one antenna group only.

Partial coherent codebook with Ng = 4
For partial coherent codebook with Ng=4, the following has been agreed:
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)



For the precoder indication, similar to Ng=2 case, we can have the following two options:
· Option 1: use 4 TPMIs to indicate 2Tx FC precoders for the 4 antenna groups, respectively
· There are a total of 6 2Tx FC precoders, plus an entry to indicate no transmission for the antenna group.
· This would require 3x4 = 12 bits.
· Option 2: use a single 8Tx TPMI
· This would require a table that defines the mapping of the index to the supported precoders. The number of bits required depends on the number of precoders.
· The advantage of Option 2 compared to Option 1 is the potentially reduced DCI overhead. To make the effort meaningful, we think at least 2-bit overhead reduction should be achieved, which would mean <= 10 bit and <= 1024 precoders.

The number of precoders for each layer splitting combination is summarized in Table 2 considering all 2Tx FC precoders. The total number of precoders is given by 4x4+2x4+16x6+256+4x6+16+32x12+8x12+64x4 +16x12+128x4+8x4+64x6+32x4=2400, which would require 12 bits.
Considering the layer splitting combinations that are already agreed (highlighted in green in the table), the number of precoders is 4x4+2x4+16x6+256+4x6=400.
One potential principle for down-selecting the layer splitting combinations is to keep one combination only for the same set of antenna groups for a given rank. E.g. for rank 3, between (2, 1, 0, 0) and (1, 2, 0, 0), only one of them is kept. Of course there would still be performance degradation, but at least we can indicate the best antenna groups to be used for transmission. By following this rule, we keep one combination among the ones using the same set of antenna groups, as highlighted in yellow in the table. This would add 32x4+8x6+64x4+16x4+128+8x4+64+32=752, which gives a total of 400+752=1152 precoders. This is still beyond 1024 precoders that can be represented by 10 bits.
If we remove another 128 precoders, we would have 1024 precoders left. One example is given in Table 2 by crossing out the combinations in red. There can be other ways of down-selection also, but may not have significant impact on performance anyway.

Table 2 Number of precoders for each layer splitting combination considering all 2Tx FC precoders
	Rank
	Layer splitting
	# of precoders
	Rank
	Layer splitting
	# of precoders

	1
	(1,0,0,0)
(0,1,0,0)
(0,0,1,0)
(0,0,0,1)
	4
	3
	(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)
	2x4=8

	2
	(2,0,0,0)
(0,2,0,0)
(0,0,2,0)
(0,0,0,2)
	2
	3
	(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
	4x4x4=64

	
	(1,1,0,0)
(1,0,1,0)
(1,0,0,1)
(0,1,1,0)
(0,1,0,1)
(0,0,1,1)
	4x4=16
	5
	(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)
	2x2x4=16

	4
	(1,1,1,1)
	4x4x4x4=256
	
	(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)
	4x4x2x4=128

	
	(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)
	2x2=4
	6
	(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
	2x2x2=8

	8
	(2,2,2,2)
	2x2x2x2=16
	6
	(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2)
	2x2x4x4=64

	4
	(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)
	2x4x4=32
	7
	(2,1,2,2), (2,2,2,1), (1,2,2,2), (2,2,1,2)
	2x2x2x4=32



Proposal 4: For partially-coherent codebook with 8Tx UL and Ng=4, down-select between the following options:
· Option 1: use 4 TPMIs to indicate 2Tx FC precoders for the 4 antenna groups, respectively (12 bits in total)
· Option 2: a single 8Tx TPMI is provided, with the total number of precoders <= 1024 (<= 10 bits)
· An example of down-selection for the layer splitting combinations is provided in Table 2.
Non-coherent codebook
For non-coherent codebook, it is essentially antenna port selection, and the number of antenna ports selected correspond to the number of layers for transmission. The following was agreed for rank-1 transmission:
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

Fundamentally it is not that different from the non-codebook based transmission. Therefore, we think the full flexibility (Alt 1: all 255 combinations) can be supported. The same mechanism as used for SRI for non-codebook based transmission can be applied here, which requires 8 bits in the worst case. This overhead is not high at all compared to the other cases.
Proposal 5: For non-coherent codebook design, Alt 1 is adopted (i.e., all 255 combinations of the 8 antenna ports are supported). TPMI indication reuses the mechanism for SRI for non-codebook based transmission, which requires up to 8 bits.
Codebook subset restriction
For the codebook subset restriction, the following was agreed:
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.

We think the most important motivation to include e.g. partially-coherent or non-coherent precoders for a fully-coherent UE is to handle the potential blocking for a subset of antenna ports within a coherent antenna group, in which case it may be better not to use those blocked antennas at all. As the blocking can happen rather dynamically, Alt1 would be a better way to handle such an issue. However, including the entire set of partially-coherent and/or non-coherent precoders can result in quite large overhead. To reduce the overhead, we can include only the precoders that use a subset of antenna ports within a coherent antenna group. In addition, if we assume cross-pol antennas are used within an antenna group, which should be the typical case, the cross-pol antennas should be either blocked or not blocked at the same time due to the same location. This can be used to further reduce the number of precoders to be included in the codebook.
Given that there are four sets of precoders for Ng=1/2/4/8, there can be a lot of combinations if we want to cover all the cases for codebook subset restriction. If multiple sets are included, the total number of precoders also increase, potentially leading to larger DCI overhead and more complexity. It can simplify the design if only one additional set of precoders is included in the configuration. The inclusion of non-coherent precoders can be considered as the ultimate fallback, and other cases can be considered further.
At the same time, it is also important to support the case where no other precoders are included.
Note that for a partially-coherent UE with Ng=4, if we assume each coherent group consists of a pair of co-located cross-pol antennas, there is no need to further include any non-coherent precoders.
Proposal 6: A fully-coherent UE can be configured with at least one of the following subject to UE capability:
· Fully-coherent precoders only
· Fully-coherent precoders and (a subset of) non-coherent precoders
· FFS: Fully-coherent precoders and (a subset of) partially-coherent precoders for Ng=2
· FFS: Fully-coherent precoders and (a subset of) partially-coherent precoders for Ng=4
Proposal 7: A partially-coherent UE with Ng=2 can be configured with one of the following subject to UE capability:
· Partially-coherent precoders for Ng=2
· Partially-coherent precoders for Ng=2 and (a subset of) non-coherent precoders
· FFS: Partially-coherent precoders for Ng=2 and (a subset of) partially-coherent precoders for Ng=4
Proposal 8: A partially-coherent UE with Ng=4 can only be configured with partially-coherent precoders for Ng=4.

Full power transmission mode
For full power transmission, the following has been agreed:
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 

For full power Mode 1, some fully-coherent precoder(s) need to be included in the codebook of partially-coherent or non-coherent UEs.
For a partially-coherent UE with Ng=2, with the layer splitting combinations that were already agreed, all the ranks have at least one precoders using all 8 Tx except for rank 1. Therefore, it is sufficient to add one or more fully-coherent precoders for rank 1.
Proposal 9: For a partially-coherent UE with Ng=2 with full power Mode 1, add fully-coherent precoder(s) using all 8 Tx for rank = 1.
For a partially-coherent UE with Ng=4, the ranks that does not have any partially-coherent precoders using all 8 Tx include rank = 1/2/3. Therefore, it can be useful to include fully-coherent precoders for rank = 1/2/3.
Proposal 10: For a partially-coherent UE with Ng=4 with full power Mode 1, add fully-coherent precoder(s) using all 8 Tx for rank = 1/2/3.
For a non-coherent UE, the non-coherent precoders for ranks from 1 to 7 do not use all 8 Tx. Therefore, fully-coherent precoders need to be included for rank 1 to 7. To limit the number of precoders, we can add on precoder for each rank.
Proposal 11: For a non-coherent UE with full power Mode 1, add one fully-coherent precoder using all 8 Tx for each of rank = 1 to 7.
For full power Mode 2, the design is more complicated as we need to define all the precoder groups for UE to report capability. This can only be done after the codebook design is finalized, and it can take quite some time to converge. Given the amount of the time remaining for this WI, we think full power Mode 2 can be deprioritized.
Proposal 12: Deprioritize the specification work for full power transmission with Mode2.

Conclusion
In contribution, we have discussed the remaining issues for SRI/TPMI enhancements for 8 Tx UL, and have the following proposals:
Proposal 1: For fully-coherent codebook with 8Tx UL, use separate indication of RI (3 bits) and TPMI (5 bits), where the TPMI is a concatenation of (if needed) and  as defined in Rel-15 single panel DL Type I codebook.
Proposal 2: For partially-coherent codebook with 8Tx UL and Ng=2, adopt Option 3, using two 4TX TPMIs (10 bits in total).
· Add one entry for TPMI to indicate no transmission from an antenna group
· The first TPMI is applied on one antenna group, and the second TPMI is applied on the other antenna group.
· All the combinations of layer splitting can be supported (i.e. the working assumption can be reverted).
Proposal 3: For partial coherent codebook design with Ng = 2, there is no restriction that one codeword is mapped to one antenna group only.
Proposal 4: For partially-coherent codebook with 8Tx UL and Ng=4, down-select between the following options:
· Option 1: use 4 TPMIs to indicate 2Tx FC precoders for the 4 antenna groups, respectively (12 bits in total)
· Option 2: a single 8Tx TPMI is provided, with the total number of precoders <= 1024 (<= 10 bits)
· An example of down-selection for the layer splitting combinations is provided in Table 2.
Proposal 5: For non-coherent codebook design, Alt 1 is adopted (i.e., all 255 combinations of the 8 antenna ports are supported). TPMI indication reuses the mechanism for SRI for non-codebook based transmission, which requires up to 8 bits.
Proposal 6: A fully-coherent UE can be configured with at least one of the following subject to UE capability:
· Fully-coherent precoders only
· Fully-coherent precoders and (a subset of) non-coherent precoders
· FFS: Fully-coherent precoders and (a subset of) partially-coherent precoders for Ng=2
· FFS: Fully-coherent precoders and (a subset of) partially-coherent precoders for Ng=4
Proposal 7: A partially-coherent UE with Ng=2 can be configured with one of the following subject to UE capability:
· Partially-coherent precoders for Ng=2
· Partially-coherent precoders for Ng=2 and (a subset of) non-coherent precoders
· FFS: Partially-coherent precoders for Ng=2 and (a subset of) partially-coherent precoders for Ng=4
Proposal 8: A partially-coherent UE with Ng=4 can only be configured with partially-coherent precoders for Ng=4.
Proposal 9: For a partially-coherent UE with Ng=2 with full power Mode 1, add fully-coherent precoder(s) using all 8 Tx for rank = 1.
Proposal 10: For a partially-coherent UE with Ng=4 with full power Mode 1, add fully-coherent precoder(s) using all 8 Tx for rank = 1/2/3.
Proposal 11: For a non-coherent UE with full power Mode 1, add one fully-coherent precoder using all 8 Tx for each of rank = 1 to 7.
Proposal 12: Deprioritize the specification work for full power transmission with Mode2.
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