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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1#112, significant progress on full and partial coherent codebooks are made, and 2 options are selected for UCI multiplexing for further study. There are many key issues remaining to be resolved. In this contribution, we discuss these issues in details in order to progress smoothly.  
Discussion
Non-codebook-based transmission
SRS configuration
It has been agreed to support a single SRS resource set configured with up to 8 single-port SRS resources, with following FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively. Considering the discussion in AI 9.1.4.1, where for 2 panels simultaneous transmission, it is natural to configure two SRS resource sets each configured with up to 2 or 4 single port SRS resources, and SRI indication can be commonly designed. Anyway, for a UE supporting simultaneous 2 panels transmission, corresponding RRC configuration including SRS resource configuration is needed. Hence, we propose to support configuration up to two SRS resource sets each configured with up to 4, or 2 single-port SRS resources
Configuration of up to two SRS resource sets, each configured with up to 4, or 2 single-port SRS resources is supported.
SRI indication
Corresponding to SRS resource set configuration, the SRI indication is either a single field or two fields in DCI.
One SRI field in DCI
In RAN1#112, following agreement was made on SRI indication, there are two options on SRI indication.Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused



To support up to 8 layers in UL, gNB can configure  to the UE. For example, with , using legacy-solution to list all the combinations are too cumbersome and DCI overhead is unnecessarily high using length  bitmap for all cases. For example, table 7.3.1.1.2-28 in 38.212 is the SRI indication table for . This table can be extended to support  equals up to 8.

Table 7.3.1.1.2-28: SRI indication for non-codebook based PUSCH transmission, 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 
	Bit field mapped to index
	
SRI(s), 

	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1

	
	
	2
	2
	2
	2

	
	
	3
	reserved
	3
	3




Following table shows the SRI indices for =5,6,7 and 8, it can be seen that only 3 bits are needed in DCI. If bitmap is used instead then 8 bits are needed in DCI for  and .
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 
	Bit field mapped to index
	SRI(s), 

	0
	0
	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	1
	1
	1
	1

	2
	2
	2
	2
	2
	2
	2
	2

	3
	3
	3
	3
	3
	3
	3
	3

	4
	4
	4
	4
	4
	4
	4
	4

	5
	reserved
	5
	5
	5
	5
	5
	5

	6
	reserved
	6
	Reserved
	6
	6
	6
	6

	7
	reserved
	7
	Reserved
	7
	reserved
	7
	7



For , and , there are 10, 15, 21 and 28 combinations respectively. It can be seen that 1, 2 or 3 bits can be saved compared to using length  bitmap indication.
Hence, both using legacy combinatorial SRI indication for  and smaller  value, and bitmap-based SRI indication for  and larger  value should be supported.

At least for  when   legacy combinatorial SRI indication is supported, and for larger  value when   bitmap is used to indicate SRI.

Two SRI fields in DCI
With 2 SRS resource sets configured, 2 SRI fields as in Rel-17 mTRP PUSCH can be readily used. For SRI field mapping, first SRI field corresponds to first set and second SRI field corresponds to second set. With two SRI fields in DCI, further discussion is needed on details of SRI indication and split in number of layers indicated. Current spec can indicate up to 4 SRIs to schedule 4 layers in uplink for non-codebook-based transmission, and 4 single port SRS resources where transmission of SRS resources is up to UE implementation, for example each SRS resources is transmitted from single antenna. In this sense, it can be assumed as equivalent to non-coherent codebook design. Hence there is no need to restrict combination on indicated SRIs with two SRI fields. 
Support indicating 2 SRI fields in DCI, which jointly indicates transmission rank. Further study whether/how to split number of layers between two SRI fields.

Codebook-based transmission
For partial and non-coherent, it has been agreed to use Rel-15 UL codebooks, in our view reusing Rel-15 4Tx codebook for non-coherent and partial-coherent with two TPMI fields in DCI is simple and efficient design. We’ll discuss some details on SRS configuration and TPMI indication for non-coherent and partial-coherent scenario as well as evaluation results on full-coherent codebooks in this section. 
It has been agreed that for SRS configuration supporting codebook-based UL transmission for an 8TX UE configuration of 1 SRS resource set containing up to X 8-port SRS resource(s), where X = 2 is supported. And, configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources is FFS. As discussed above, it is beneficial to configure SRS with 2 of 4-ports SRS resources for common design with 2 panels simultaneous transmission.
For 8Tx UE, support SRS configuration of an SRS resource set, configured with at least two 4-port SRS resources.
Non-coherent codebook
For non-coherent codebook (precoders), it doesn’t matter what is the value of Ng, as the precoders are port selection matrices. Considering other AI of simultaneous multi panel transmission, a common design is preferable. There could be two different approaches for TPMI indication, one TPMI field and two TPMI fields in DCI 
One TPMI field in DCI
Following precoders for rank=1 were agreed in RAN1#112.Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .



When SRS is configured with 8-ports SRS resources, a single TPMI field in DCI is straight forward design. Similar to non-codebook-based transmission, to simplify the work, a bitmap based TPMI indication can be considered. For example, when the configured max rank is higher than a certain value, then TPMI is indicated using a bitmap. This will save a lot of time and effort designing codebook with precoders for each and every rank.
At least for configured max rank=1, TPMI indices as in legacy is used, for larger configured max rank value a bitmap of 8 bits is used to indicate precoders.
Two TPMI fields in DCI
It would be straightforward for non-coherent codebook subsets constructed by simply concatenating current 4Tx codebook subsets and UL 8Tx precoder is indicated using 2 TPMI fields in the DCI. This will also allow a common design with simultaneous 2 panels transmission. For the 8Tx UEs reporting non-coherent capability, only non-coherent 4Tx precoders are applicable, hence gNB shall configure 4Tx non-coherent codebook subset for such UEs. Total transmission rank is determined by combined rank indicated by 2 TPMI fields. For transmission rank=1, how to indicate/select one the of 2 TPMI fields should be further discussed. One way is to reuse Rel-17 mechanism by using additional field in DCI to indicate/switch one or both TPMIs. And, for non-coherent codebook, the value of Ng=2 or 4 doesn’t matter.
Support indicating 8Tx non-coherent precoder by 2 TPMI fields in DCI, further study how to select one of the 2 TPMI fields, e.g. for rank=1 transmission
.
Partial-coherent codebook
For rank>4, following agreement has been made in previous meeting on codeword to layer mapping:
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.
However, precoding matrix to layer mapping is yet to be discussed, that means, for dual CW transmission, whether one CW is transmitted from one antenna group or both antenna groups. Below, we provide simulation results comparing following two alternatives:
Alt1: for rank>4, one CW is transmitted from one antenna group
Atl2: for rank>4, one CW is transmitted from both antenna groups
In the figure 1, two codebook structure are considered for two alternatives. For Alt1, diagonal codebook structure is assumed, where all layers from one CW is mapped to one antenna group. For Alt2 cyclic codebook structure is assumed, where every other layer is mapped to other antenna group, for example in the case rank=5, layers 1,3,5 are mapped to one antenna group and layers 2, 4 are mapped to another antenna group.
[image: ]
performance evaluation of cyclic and diagonal precoder structure
From the evaluation results, we observe there is virtually no difference in performance between two codebook structures. Considering simple codebook structure and two TPMI indication framework, it beneficial to keep diagonal codebook structure. Hence, we have following proposal  
for rank>4, if dual CW is supported, support one CW is transmitted from one antenna group

For partial-coherent UEs, simply concatenating legacy 4 Tx codebook by indicating 2 4Tx precoders in DCI (using 2 TPMI fields) works well to indicate 8Tx precoder without new design. Reusing Rel-17 signaling design will simplify the work and specification effort. 
There are multiple alternatives on antenna port mapping listed in RAN1#110b-e, and we also have agreed on codebook design principle for partial/non-coherent precoders as below. 
· For partially/non-coherent precoding, support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook 
0
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, antenna group and port number
Tx antenna port numbering is closely related to precoder design, given we have 4Tx precoders in spec already, hence port numbering for 8Tx UE should consider applying 4Tx precoders on 2 groups of antennas. In figure 2, an example of antenna port number is shown, where Ng=2 is assumed with antenna ports {0, 1, 2, 3} and {4, 5, 6, 7} are grouped into two groups. Legacy 4Tx precoders can be applied on each group of antennas, where for the second antenna group {4, 5, 6, 7} corresponds to precoder elements {0, 1, 2, 3}. The tables in 38.211 for precoding matrices can be readily used with some clarification on antenna group mapping.
Support antenna port grouping as {0, 2, 1, 3} and {4, 6, 5, 7}, legacy 4Tx precoders can be applied directly where antenna group {4, 5, 6, 7} corresponds to precoder elements {0, 1, 2, 3}.
Furthermore, legacy 4Tx full-coherent codebook subset includes full/partial/non-coherent precoders, it can be observed that antenna ports are grouped into 2 groups for legacy 4Tx partial-coherent precoders. To support antenna structure of Ng=4 for 8Tx UE, the same codebook design as for Ng=2 can be used with legacy 4Tx precoders by restricting full-coherent precoders. Hence, there is no need for separate partial-coherent codebook design for Ng=2 and 4. 
Following agreement was made in RAN1#112.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



Ng=2
Precoder design and indication for Rank<=4
Rank=1~4 precoders can be constructed by using legacy 4Tx rank=1 and 2 full-coherent precoders. For example, following tables list the legacy 4Tx rank=1 and rank=2 full-coherent precoders
4Tx rank=1 full-coherent precoders:
	[bookmark: _Hlk500155670]TPMI index
	

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

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-



4Tx rank=2 full-coherent precoders:
	TPMI index
	

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

	0 – 3
	
	
	
	

	4 – 7
	
	
	
	

	8 – 11
	
	
	
	

	12 – 15
	
	
	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-



There are 16 rank=1 precoders and 8 rank=2 precoders, hence total 24 precoders in the codebook subset. Two TPMI fields in DCI are used to indicate overall 8Tx precoders, each TPMI field is 5 bits in this example. To further reduce the TPMI size, for example, 8 rank=1 precoders can be restricted, leading to total 16 precoders in the subset and each TPMI field is 4bits. Furthermore, there is third field in DCI (2bits), similar to SRS resource set indicator. This field can indicate effective TPMI field and/or antenna group mapping scheme for rank up to 4.
Precoder design and indication for Rank>4
According to current working assumption, 2 CWs are used when transmission rank is larger than 4, and same principle as in DL is used for enabling/disabling of the second CW. When the second CW is enabled by indicated DCI, that means transmission rank is larger than 4, hence separate codebook subset can be used which includes legacy 4Tx rank=2, 3, 4 full-coherent precoders only. 
4Tx rank=2 full-coherent precoders:
	TPMI index
	

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

	0 – 3
	
	
	
	

	4 – 7
	
	
	
	

	8 – 11
	
	
	
	

	12 – 15
	
	
	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-



4Tx rank=3 full-coherent precoders:
	TPMI index
	

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

	0 – 3
	
	
	
	


	4 – 6
	

	

	

	-



4Tx rank=4 full-coherent precoders:
	TPMI index
	

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

	0 – 3
	
	
	
	


	4
	

	-
	-
	-


There are 8 rank=2 precoders, 4 rank=3 precoders and 2 rank=4 precoders, hence total 14 precoders in the codebook subset. Two TPMI fields in DCI are used to indicate overall 8Tx precoders, each TPMI field is 4 bits in this example. 

Ng=4
Precoder design and indication for Rank<=4
Rank=1~4 precoders can be constructed using legacy 4Tx rank=1 and 2 partial-coherent precoders. For example, following tables list the legacy 4Tx rank=1 and rank=2 partial-coherent precoders 
4Tx rank=1 partial-coherent precoders:
	TPMI index
	

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

	0 – 7
	
	
	
	
	

	

	

	


	8 – 15
	

	

	

	

	
	
	
	

	16 – 23
	
	
	
	
	
	
	
	

	24 – 27
	
	
	
	
	-
	-
	-
	-



4Tx rank=2 partial-coherent precoders:
	TPMI index
	

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

	0 – 3
	
	
	
	

	4 – 7
	
	
	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	
	

	16 – 19
	
	
	
	


There are 8 rank=1 precoders and 8 rank=2 precoders, hence total 16 precoders in the codebook subset. Two TPMI fields in DCI are used to indicate overall 8Tx precoders, each TPMI field is 4 bits in this example. Furthermore, there is third field in DCI (2bits), similar to SRS resource set indicator. This field can indicate effective TPMI field and/or antenna group mapping scheme for rank up to 4.
Precoder design and indication for Rank>4
2 CWs are used when transmission rank is larger than 4, and same principle as in DL is used for enabling/disabling of the second CW. When the second CW is enabled by indicated DCI, that means transmission rank is larger than 4, hence separate codebook subset can be used which includes legacy 4Tx rank=2, 3, 4 partial-coherent precoders only.
4Tx rank=2 partial-coherent precoders:
	TPMI index
	

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

	0 – 3
	
	
	
	

	4 – 7
	
	
	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	
	

	16 – 19
	
	
	
	


4Tx rank=3 partial-coherent precoders:
	TPMI index
	

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

	0 – 3
	
	

	

	

	4 – 6
	
	
	
	-



4Tx rank=4 partial-coherent precoders:
	TPMI index
	

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

	0 – 3
	
	

	

	

	4
	
	-
	-
	-



There are 8 rank=2 precoders, 2 rank=3 precoders and 2 rank=4 precoders, hence total 12 precoders in the codebook subset. Two TPMI fields in DCI are used to indicate overall 8Tx precoders, each TPMI field is 4 bits in this example. 
Depending on reported UE capability, gNB can configure codebook subset restriction for 4Tx codebook to support UE antenna structure with Ng=2 and 4. 
For UEs supporting 2CWs transmission, different codebook subsets are used when 2nd CW is disabled and 2nd CW is enabled by DCI. 
Codebook constructed by two 4Tx precoders indicated by two TPMI fields is supported for partial-coherent 8Tx UE, one codebook can support antenna structure with Ng=2 and Ng=4. 
For PUSCH transmission with rank=1, only one TPMI field is valid since UE Tx antennas are partial-coherent, hence a mechanism to select one of the two TPMI fields should be considered. Similar to Rel-17 mTRP PUSCH, separate field in DCI for TPMI selection can be considered. For rank>1 and up to 4, with single CW, how to split precoder indication between 2 TPMI fields should be further discussed, for example rank combination between 2 TPMI fields for rank=2 can be 1+1 or 2+0 or 0+2. Similarly, for rank=3 and 4, supported rank combination between 2 TPMI fields can be further discussed. 
Support additional field in DCI to indicate whether one or both of the 2 TPMI fields are applicable for current transmission.

Simulation results
Table x1: Performance comparison between distributed and distributed+group selection precoders
	
	5% UE SE
	mean UE SE
	95% UE SE

	distributed 
	0
	0
	0

	distributed+group selection 
	1.32%
	1.53%
	1.27%

	
	
	
	
	

	
	
	
	
	


It can be observed that for Ng=2, with 4Tx full coherent precoders performance gain of group selection precoders is marginal.

Table x2: performance comparison between 8Tx precoders constructed from 4Tx full coherent and 4Tx partial coherent codebooks
	
	5% UE SE
	mean UE SE
	95% UE SE

	2 4tx full distributed 
	13.38%
	5.92%
	5.99%

	2 4x full distributed and group selection
	11.90%
	4.32%
	4.66%



[bookmark: _GoBack]It can be observed that 8Tx precoders constructed from existing 4Tx full coherent precoders performs better than 8Tx precoders constructed from existing 4Tx partial-coherent precoders. It is obvious that partial-coherent codebook for Ng=2 performs better than Ng=4. However, it is also obvious that 8Tx precoders constructed from existing 4Tx partial-coherent precoders performance is pretty well.

Full-coherent codebook
Following agreement on full coherent uplink codebook was made in RAN1#111,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

The codebook size depends on many factors, such as values of {N1, N2} and {O1, O2}, and codebook subset restriction, rank restriction; which means number of the reserved entries is varying making it very complex to additionally select precoders from Alt2a.
Do not support additional precoders generated via Alt2a 
Following agreements were made in RAN1#112 on supported values of O1, O2.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)
3. whether for all rank, or rank 1-2, or rank 3-8
3. applicability of different (O1, O2) values per agreed (N1, N2)
3. companies are encouraged to submit simulation results



Below we provide evaluation results comparing higher oversampling values of O1, O2 against O1=1 and O2=1. As higher oversampling values do not provide gain, we only evaluate rank up to 2. Detailed simulation assumptions can be found in Annex.
Table 1 shows the performance gain of O1=2, O2=1 for N1=4, N2=1 over O1=1, O2=1 for N1=4, N2=1 and O1=2, O2=2 for N1=2, N2=2 over O1=1, O2=1 for N1=2, N2=2. It can be observed that the gain from higher oversampling values is marginal for rank up to 2. Intuitively, performance gain for higher rank will be negligible.
Performance gain of {O1, O2}={2,2}, {2,1} over {O1, O2}= {1, 1}
	(N1, N2, O1, O2)
	5% UE SE
	Mean UE SE
	95% UE SE

	(4,1,2,1)
	3.4%
	1.0%
	0.0%

	(2,2,2,2)
	0.5%
	1.0%
	0.0%



Hence, we propose not to support larger oversampling values for all rank values.
Do not support other O1, O2 values than 1, 1 for all rank values

Another important aspect to be discussed to support full-coherent codebook is how to indicate TPMI in DCI. DL type I codebook is specified in 38.214 and it doesn’t make sense to list the long tables of precoders in 38.211. For TPMI indication, one way to generate indices by sequential indexing of codebook parameters.
TPMI for full coherent codebook is generated by sequential indexing of codebook parameters such as rank, i_1,1, i_1,2, i_1,3. 

Single CW vs Two CW for rank>4
A working assumption was achieved in RAN1#110b-e as below.
For uplink transmission with rank>4, support dual CW transmission.
We confirm the working assumption on supporting dual CW transmission for rank>4 in UL
Confirm the working assumption “for uplink transmission with rank>4, support dual CW transmission”. 
Similar to mechanism in DL PDSCH transmission, maximum number of codewords is RRC configured. For the case when RRC configures maximum number of codewords equal to 2, the 2nd CW is dynamically enabled or disabled in DCI as in DL.
Maximum number of codewords is RRC configured, and second codeword is enabled/disabled dynamically indicated by DCI.
UCI multiplexing
On UCI multiplexing when 2 CWs are enabled, following agreement was made in RAN1#112.Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

UCI is important and shall be mapped to the codeword with better channel condition, that is, higher MCS. 

Support alt 2, that is, UCI is multiplexed on the CW with highest MCS.
UL full power transmission
Rel-16 supports UL full power transmission, there are three modes specified namely full-power mode (also known as mode0), fullpowerMode1 and fullpowerMode2. For CPE/FWA type of devices depending on UE capability it can be assumed that full-power mode0 is supported, on the other hand for the devices supporting full-coherent precoders only (such as Rel-15 DL type 1 codebooks), full power modes are irrelevant. Full-power mode1 can be supported by introducing non-antenna selection precoders in non-coherent and partial-coherent codebook subsets, which is less dependent on UE PA architectures. Full-power mode2, especially precoder group indication, depends on UE PA architectures. 
Consider the following full power enhancement for CPE/FWA 8 Tx operation.
a) Depending on UE capability, UL full-power mode0 is supported.
b) Depending on UE capability, UL full-power mode1 can be supported by introducing non-antenna selection matrices, especially for lower rank
c) Depending on UE capability, further discuss UL full-power mode2 for partial and non-coherent UEs
i. For partial-coherent codebook, take Ng values {2, 4} into account for full-power precoders grouping

UE capability 
In RAN1#111, full-coherent codebook design principle has been agreed, and there was some discussion on UE capability reporting in RAN1#110b-e. On high-level, following UE capabilities or features can be envisioned. However, there will be new UE capabilities/features introduced along the development of the specification. 
1) Support of 8Tx UL transmission: {codebook-based, non-codebook-based}
a) For codebook-based transmission, type of 8Tx codebooks: {full-coherent, partial-coherent, non-coherent}
i. For 8Tx partial-coherent codebook: {4Tx full-coherent codebook, 4Tx partial-coherent codebook}
b) SRS configuration for non-codebook: {1 set with up to 8 resources, 2 sets with up to 4 resources each}
c) SRS configuration for codebook: {1 resource with 8-ports, 2 resources with 4-ports each}
Discuss potential UE capabilities/features after the overall design becomes clear.
Other issues
Other related specification enhancement needed to support 8Tx UL are configuration and signaling of SRS, DMRS, PTRS.
Details on SRS, DMRS configuration/indication are discussed in [4][3], for DMRS port indication the entries for DL 8Tx transmission can be taken as starting point.
In current spec, maximum of 2 ports PTRS is supported, which is configured by RRC. And, association of PTRS port to DMRS port is indicated in DCI. For the case of supported layers >4, PTRS to DMRS association table shall be extended.
Further discuss PTRS-DMRS association indication when rank>4, if supported

Conclusions 
In this contribution, we discussed some details on 8Tx full and partial coherent codebooks and other relevant issues. We also provided evaluation results showing performance of two codebook structures for partial coherent UE. We have the following proposals:
1. Configuration of up to two SRS resource sets, each configured with up to 4, or 2 single-port SRS resources is supported.
1. 
At least for  when   legacy combinatorial SRI indication is supported, and for larger  value when   bitmap is used to indicate SRI.
1. Support indicating 2 SRI fields in DCI, which jointly indicates transmission rank. Further study whether/how to split number of layers between two SRI fields.
1. For 8Tx UE, support SRS configuration of an SRS resource set, configured with at least two 4-port SRS resources.
1. At least for configured max rank=1, TPMI indices as in legacy is used, for larger configured max rank value a bitmap of 8 bits is used to indicate precoders.
1. Support indicating 8Tx non-coherent precoder by 2 TPMI fields in DCI, further study how to select one of the 2 TPMI fields, e.g. for rank=1 transmission
1. for rank>4, if dual CW is supported, support one CW is transmitted from one antenna group
1. Support antenna port grouping as {0, 2, 1, 3} and {4, 6, 5, 7}, legacy 4Tx precoders can be applied directly where antenna group {4, 5, 6, 7} corresponds to precoder elements {0, 1, 2, 3}.
1. For UEs supporting 2CWs transmission, different codebook subsets are used when 2nd CW is disabled and 2nd CW is enabled by DCI. 
1. Codebook constructed by two 4Tx precoders indicated by two TPMI fields is supported for partial-coherent 8Tx UE, one codebook can support antenna structure with Ng=2 and Ng=4. 
1. Support additional field in DCI to indicate whether one or both of the 2 TPMI fields are applicable for current transmission.
1. Do not support additional precoders generated via Alt2a 
1. Do not support other O1, O2 values than 1, 1 for all rank values
1. TPMI for full coherent codebook is generated by sequential indexing of codebook parameters such as rank, i_1,1, i_1,2, i_1,3. 
1. Confirm the working assumption “for uplink transmission with rank>4, support dual CW transmission”. 
1. Maximum number of codewords is RRC configured, and second codeword is enabled/disabled dynamically indicated by DCI.
1. Support alt 2, that is, UCI is multiplexed on the CW with highest MCS.
1. Consider the following full power enhancement for CPE/FWA 8 Tx operation.
1. Depending on UE capability, UL full-power mode0 is supported.
1. Depending on UE capability, UL full-power mode1 can be supported by introducing non-antenna selection matrices, especially for lower rank
1. Depending on UE capability, further discuss UL full-power mode2 for partial and non-coherent UEs
3. For partial-coherent codebook, take Ng values {2, 4} into account for full-power precoders grouping
1. Discuss potential UE capabilities/features after the overall design becomes clear.
1. Further discuss PTRS-DMRS association indication when rank>4, if supported



Appendix 
Table A1: simulation assumptions
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS, 30 KHz  

	Scenario
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
  
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

	UE TX antenna configuration
	 (1,4,2,1,1,1,4) with (𝑑H, 𝑑V) = (0.5, 0.5)𝜆

	Traffic model
	Full buffer (optional) 

	Suggested benchmarking
	R15 UL 4-Tx codebook , 
Eigen-based, companies report PRG assumption 

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  
to be selected according to the deployment scenario 

	UE power rating
	32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT



Table A2: Antenna layouts
	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	Isotropic (Indoor/Outdoor FWA & Industrial)
 
4 dBi, 110° HPBW(Indoor FWA & Industrial
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Previous agreements

RAN1#109
Agreement
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs .
 
Agreement
Study full power transmission for 8TX UEs .
· Details are FFS upon completion of codebook design

Agreement
Adopt the following Table as the reference EVM for LLS evaluation
· Companies may provide additional evaluation results per their case of interest
· LLS is optionally used for 8Tx UL evaluation, if needed
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz, 100 MHz

	Scheduled PRBs
	5, 25, 50, 260 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
 
	(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	UE TX antenna configuration
	To be defined according to outcome of Proposal 2.1

	UE speed
	3 Km/h

	Number of Layers
	Adaptive, Fixed (reported by company) 

	AMC
	Adaptive, Fixed (reported by company) 

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

	Channel estimation
	Real

	Channel Model
	CDL-A (30ns), CDL-B (100ns), CDL-C (300ns)


  
Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.

Agreement
Adopt the following Table as the reference EVM for SLS evaluation.-
· Companies may provide additional evaluation results per their case of interest.
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h

	
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h

	
	Industrial (38.901): Indoor Office (Inh ), 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Indoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Industrial:
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
 
Industrial:
IMT.2412 Table 10,5 dBi , 90° HPBW
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

	UE TX antenna configuration
	To be defined according to outcome of Proposal 2.1

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested low/high RU of values of 20% and 70%
-   Full buffer (optional) 

	Suggested benchmarking
	R15 UL 4-Tx codebook , 
Eigen-based, companies report PRG assumption 

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  
to be selected according to the deployment scenario 

	UE power rating
	23 dBm (UE, 38.101)
32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT



Agreement
For 8TX UE, consider the following UE antenna layouts for codebook design,
· For non-coherent UEs, consider linear array (1D/2D) of cross-polarized or single-polarized antenna configuration
· For fully/partial-coherent UEs, consider linear array (1D/2D)
· Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
· Ng>=1 antenna groups can be considered where each group comprises coherent antennas, and across groups, antennas can be non-coherent/coherent depending on device types
· An example of an antenna group is a panel
· Within an antenna group, antenna elements are uniformly spaced. Across different antenna groups, companies to provide details.
Additional information for definition of antenna layout 
· Based on the number of coherent groups, following exemplary cases can be considered where, within each group, antenna elements are spaced by 0.5λ, and then dG-H, dG-V represent the horizontal and vertical spacings between the centers of adjacent antenna groups, respectively 
· Further down-selection can be done in the next meeting, if needed 
· The shown exemplary placing of antenna groups can be used for evaluation purpose, but the codebook design is not restricted to shown cases. 
· Other antenna layouts for other use cases are not precluded.
· To start companies may report their results according to their preferred layout.


	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	Isotropic (Indoor/Outdoor FWA & Industrial)
 
4 dBi, 110° HPBW(Indoor FWA & Industrial


  
o   Other UE antenna assumption for the purpose of evaluation
	 
	Outdoor FWA
	Indoor FWA
	Industrial

	UE antenna height
	6, 3 m (To start)
	According to 36.873
	According to 38.901



Agreement
For 8TX UE codebook-based uplink transmission, down-select one of
· Alt1-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully/partially-coherent UEs
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt2-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) in combination with those based on NR Rel-15 DL Type I codebooks as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt3:
· Study NR Rel-15 DL Type I codebook as the starting point for design of codebook for fully/partially/non-coherent UEs
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.


RAN1#110
Agreement
8TX PUSCH is supported in Rel-18

Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

Agreement
For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered

Agreement
RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.

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.

Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms


RAN1#110b-e
Agreement
Support the following cases for codebook design for 8TX precoders
· Full coherent precoders with Ng=1
· FFS: Full coherent precoders with Ng=2, Ng=4
· Partial coherent precoders with Ng=2 and Ng=4
· This does not imply any relation with the number of TPMI indications for 8TX precoder
· Non-coherent precoders

Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· 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

Agreement
For SRI and/or transmitter precoder matrix indication for codebook-based uplink transmission by an 8TX UE, study
· Whether/how to indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· Whether/how to extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· Whether/how to separate/joint indication of rank and precoding information.
· Whether/how to indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication

Agreement
In Rel-18, on support of full power operation by a partial/non-coherent 8TX UE configured with codebook-based transmission, 
· Identify and agree on at least one potential PA architecture by RAN1 meeting #111

Agreement
For 8TX UE codebook-based uplink transmission,
· For partially/non-coherent precoding, support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook 

Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.

Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
1. Support configuration of 1 SRS resource set containing up to X 8-port SRS resource(s), where X = 2   
0. FFS : Other values for X, if needed 
1. FFS : Configuration of at least one SRS resource set, configured with more than one SRS resources where each SRS resource may have the same or different number of SRS ports, e.g., for support full power operation, if supported
1. FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
2. Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
2. Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources   

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.

RAN1#111
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 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.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select at least one of the following options in RAN1#112,
· Option1: UCI is always multiplexed on one of the CWs
· Option2: UCI is multiplexed on both CWs
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs
· Option4: UCI is multiplexed only when single CW is enabled
· Option5: UCI is repeated across the two CWs
· Other options are not precluded

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
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
7. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
7. This can be used for other UE Power Classes as well.

	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	



Agreement
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.

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
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.

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)
11. whether for all rank, or rank 1-2, or rank 3-8
11. applicability of different (O1, O2) values per agreed (N1, N2)
11. companies are encouraged to submit simulation results

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

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 NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused

Agreement
For CB-based 8TX PUSCH transmission, where Mode 2 uplink full power transmission (if supported) is not used, re-use legacy Rel-15 mechanism, that is
· when only one SRS resource in a resource set is configured, the SRI field in DCI is absent, 
· when two SRS resources are configured in a resource set, 1 bit of SRI field in DCI is used to indicate the selected SRS resource in the set.

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.
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