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1	Introduction
In RAN#94-e two new objectives were agreed related for UL MIMO enhancements in Rel-18 NR [1], to address SRI/TPMI enhancements for enabling 8Tx UL transmission:
	[bookmark: _Hlk118372924]5.	 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.



Good progress on uplink 8Tx have been made in recent RAN1 meetings with agreements on fully/partially coherent codebook design, dual CW support, TRI and TPMI, and full Tx power feature. We are providing further discussions on remaining issues: 8Tx UL codebook design for both full coherent and partial coherent codebook design, full Tx power support, and multi-layer support for 8Tx transmission. 

[bookmark: _Ref54348033]2	UL 8Tx Codebook Design
Based on the WID, “8Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices” is under the Rel-18 study, and if justified, for specifying. Since there is no 8Tx UL codebook in NR, we shall consider introducing 8Tx codebook for NR uplink.

2.1	Full coherent NR 8Tx codebook
There is an agreement in RAN1 #111 meeting on full coherent 8Tx precoding, following discussions of several RAN1 meetings. DL Type I codebook is agreed as the starting point to design the full coherent 8Tx codebook for uplink:
	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 




Given that the DL Type I codebook is agreed, let’s review Type I codebook with emphasis on its design parameters.
2.1.1	DL Type I codebook 
DL type-I codebook is an example CB of the general 2-stage codebook. This is quite different from Rel-15 uplink 2Tx and 4Tx codebooks, which are single stage codebook. 
Given the precoding is defined with 

where precoded signal  is a  vector with  antenna ports,  is a rank- data symbol vector with size of , and the matrix  of size  is the precoder related with  antenna ports and rank . For Rel-15 NR, uplink codebooks are single-stage codebooks which define codewords . While for the two-stage codebook design in Type-I codebook, the precoder  has the form 

where  contains the wideband component of the precoder and  usually contains the sub-band specific components of the precoder. For wideband only support, we may pick single  for all sub-bands because there is no agreement to support frequency selective precoding in uplink. 
Type-I codebook design has some general assumptions:
1. The codebook design is based on 2-D DFT beam grid with oversampling. 
2. Each 2-D DFT beam in the type-I codebook has two components, related with azimuth and elevation direction of the 2-D antenna array. 
3. Cross-polarization antennas are assumed. 
[bookmark: _Hlk125275997]With the 2-D DFT beam grid, Type-I single beam codebook with rank 1 has its choice for  and  as


where , and  is defined as a DFT matrix. Note that a single beam is selected at wideband, and co-phasing across polarizations is performed per subband.
One 2-D DFT beam has an azimuth component and an elevation component, as 


Each 2-D beam is defined as

The antenna port configuration per polarization is given with , and oversampling factors  and  for two components, respectively. For DL Type-I codebook, these configurations are used:
Table 1    DL Type-I codebook configuration: 4Tx and 8Tx
	# of CSI-RS Ports
	
	

	4
	(2, 1)
	(4, 1)

	8
	(2, 2)
	(4, 4)

	
	(4, 1)
	(4, 1)



2.1.2	Full Coherent Uplink 8Tx Codebook Design
There are two  antenna configurations for Type-I 8Tx codebook, as (2, 2) and (4, 1). The configuration of (2, 2) provides better elevation capability. These two configurations, (2, 2) and (4, 1) are considered as Case 1 of UE antenna layouts, based on an agreement in RAN1 #109-e. RAN1 #112 have these agreements on the oversampling factors (O1, O2), and (N1, N2)
	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, 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.




The precoders of 8Tx Type-I codebook depends on codebook indices  for layers {1, 5, 6, 7, 8}, and codebook indices  for layers {2, 3, 4}. Besides, there are two sets of Type-I codebook: single beam  (codebookMode=1) and multiple beam  codebook (codebookMode=2).
With OVS  and , we list all possible numbers of precoders for codebookMode=1, covering rank 1 to rank 8 in Table 2.  
[bookmark: _Ref134973430]Table 2    List of numbers of precoders for L=1 type-I CB, with O1=1, O2=1, codebookMode=1
	Rank
	
	
	
	
	# of precoders with 
	# of precoders with (N1, N2)=(2,2)

	1
	
	
	-
	0, 1, 2, 3
	16
	16

	2
	
	
	0, 1, 2, 3
	0, 1
	32
	32

	3
	
	
	0, 1, 2
	0, 1
	24
	24

	4
	
	
	0, 1, 2
	0, 1
	24
	24

	5
	
	
	-
	0, 1
	8
	8

	6
	
	
	-
	0, 1
	8
	8

	7
	
	
	-
	0, 1
	4
	8

	8
	
	
	-
	0, 1
	4
	8



The two antenna configurations (N1,N2)=(4, 1) and (N1, N2)=(2,2) are included in the table.
For the Type-I CB with codebookMode=2, rank 1 and rank 2 precoders are different from codebookMode=1 cases. There are more precoders of codebookMode=2 than that of codebookMode=1. The numbers are listed in Table 3:
[bookmark: _Ref134973589]Table 3    List of numbers of Rank-1 and Rank-2 precoders, O1=1, O2=1, codebookMode=2
	(N1, N2)
	Rank
	
	
	
	
	# of precoders

	(4, 1)
	1
	
	
	-
	0, 1, …, 15
	32

	
	2
	
	
	0, 1, 2, 3
	0, 1, …, 7
	64

	(2, 2)
	1
	
	
	-
	0, 1, …, 15
	64

	
	2
	
	
	0, 1, 2, 3
	0, 1, …, 7
	128


Also the two antenna configurations are included in the table.
The total number of precoders with type-I CB can be summarized in Table 4:
[bookmark: _Ref134973665]Table 4    Summary of number of precoders for two modes of Type-I CB
	(N1, N2)
	# of precoders (codebookMode = 1)
	# of precoders (codebookMode = 2)

	(4, 1)
	120
	168

	(2, 2)
	128
	272



As expected in type-I CB design, there are more precoders with the multi-beam design than that of single beam CB design for rank-1 and rank-2 Tx. Using the multi-beam design would need higher overhead than that of single-beam type-I codebook design. The extra cost would be an increasing of 1 bit or 2 bits of TPMI overhead. Based on DL type-I codebook design principle, mode 1 selects one beam which can vary the cophasing in each subband.  Mode 2 selects a group of four beams which one of those four is chosen in each subband in addition to varying the cophasing across polarizations.  This additional freedom is designed to provide improved performance. Given that uplink 8Tx CB is based on wideband, it is not clear how much benefit of using Mode 2 CB when compared with Mode 1.
Proposal 1: Considering feedback overhead for 8Tx uplink, support Type-I codebookMode=1 CB as fully coherent codebook.

2.1.3	OVS and System Simulation Results
RAN1 #112b-e meeting reached this conclusion on OVS ratio for fully-coherent CB design:
	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.




There are significant gains of using (O1, O2)=(4, 1) for (N1,N2)=(4, 1), and (O1, O2)=(4, 4) for (N1, N2) = (2, 2), as indicated in the system-level simulations shown below, compared to (1,1) OVS. The cost of introduction of (O1, O2)=(4,1) and (O1, O2)=(4,4) would be 2-extra bits and 4-extra bits, compared to (1, 1) OVS. With our system-level simulation results, we have this proposal:
Proposal 2: For (N1, N2) = (4,1), consider supporting at least (O1, O2) = (4,1) based on UE capability.  For (N1, N2) = (2,2), consider supporting at least (O1, O2) = (4,4) based on UE capability.
Following the Type I based table, it can be observed that (O1, O2) has direct impact on the total number of precoders. Given that the 8Tx precoding is based on wideband, there is no sub-band components in the TPMI for Type-I codebook design. TPMI signaling overhead will be determined by an indication of wideband precoder. By inspecting Table 2 for UL precoding overhead, it can be observed that 1-extra bit is needed to support (O1, O2) = (2, 1) from (O1, O2) = (1, 1), 2-extra bits are needed to support (O1, O2) = (4, 1) from (O1, O2) = (1, 1), and 4-extra bits are needed to support (O1,O2) = (4, 4) from (O1, O2) = (1, 1): 
Observation 1: To support (O1, O2)=(2, 1), 1-extra bit is needed in TPMI, compared to (O1, O2)=(1, 1).
Observation 2: To support (O1, O2)=(4, 1), 2-extra bits are needed in TPMI, compared to (O1, O2)=(1, 1).
Observation 3: To support (O1, O2)=(4, 4), 4-extra bits are needed in TPMI, compared to (O1, O2)=(1, 1).

[bookmark: _Ref124150487]Table 5 – UL Precoding overhead (codebookModel=1, Type-I CB)
	Configuration parameters
	Number of precoders using NR Rel-15 single panel DL Type I
	

	(N1, N2, O1, O2)
	1
	2
	3
	4
	5
	6
	7
	8
	Total
	Max TPMI signalling overhead (bits)

	(2, 2, 1, 1)
	16
	32
	24
	24
	8
	8
	8
	8
	128
	7

	(2, 2, 2, 1)
	32
	64
	48
	48
	16
	16
	16
	16
	256
	8

	(2, 2, 2, 2)
	64
	128
	96
	96
	32
	32
	32
	32
	512
	9

	(2, 2, 4, 1)
	64
	128
	96
	96
	32
	32
	32
	32
	512
	9

	(2, 2, 4, 2)
	128
	256
	192
	192
	64
	64
	64
	64
	1024
	10

	(2, 2, 4, 4)
	256
	512
	384
	384
	128
	128
	128
	128
	2048
	11

	(4, 1, 1, 1)
	16
	32
	24
	24
	8
	8
	4
	4
	120
	7

	(4, 1, 2, 1)
	32
	64
	48
	48
	16
	16
	8
	8
	240
	8

	(4, 1, 2, 2)
	64
	128
	96
	96
	16
	16
	8
	8
	432
	9

	(4, 1, 4, 1)
	64
	128
	96
	96
	32
	32
	16
	16
	480
	9

	(4, 1, 4, 2)
	128
	256
	192
	192
	32
	32
	16
	16
	864
	10

	(4, 1, 4, 4)
	256
	512
	384
	384
	32
	32
	16
	16
	1632
	11



From another side, if a fewer precoders are used, potential performance degradation is expected. The question is whether the performance degradation is justified with a potential few bits saving in TPMI feedback. We shall conduct system-level simulations to evaluate the system-level impact of using various OVS.

2.1.3.1 Fixed Rank Scheduling: 
System level simulations were generated for both the Outdoor FWA and Indoor FWA scenarios with full buffer traffic to evaluate the performance of the different choices for (O1, O2) for when the rank is fixed at a specific value for all scheduled UEs. For the Outdoor FWA scenario, Figure 1 shows the relative sector spectral efficiencies for the UE configuration (N1, N2) = (4,1) and three combinations of O1, O2: (O1, O2)=(1,1), (2, 1) and (4,1).  In Figure 1, the left two plots are for ranks 1 through 4, whereas the right two plots are for ranks 5 through 8.  The top two plots show the Mean UE spectral efficiency normalized to the largest value across both plots. The bottom two plots show the edge UE spectral efficiency also normalized to the largest value across both plots.  Figure 2 shows the corresponding plots for the Indoor FWA scenario.  For both Outdoor FWA and Indoor FWA,  the (O1, O2) = (4,1) configuration provides the highest performance for all ranks as expected.  However, the different combinations of (O1, O2) perform differently depending on the fixed rank value.  For ranks 1 through 4, there is relatively little difference between the three combinations of (O1, O2).  However, for ranks 5 through 8, there are severe losses in going from (4,1) to (2,1) and also from (2,1) to (1,1).  
Figures 3 and 4 show the relative sector spectral efficiencies for the UE configuration (N1, N2) = (2,2) and six combinations of O1, O2: (O1, O2) = (1,1), (2, 1), (2,2), (4,1), (4,2) and (4,4).  Figure 3 is for the Outdoor FWA scenario, and Figure 4 is for the Indoor FWA scenario.  Figures 3 and 4 are arranged similarly to Figures 1 and 2: the left plots show ranks 1 through 4, the right plots show ranks 5 through 8, top two plots show the mean UE spectral efficiency normalized to the largest value across both plots, and the bottom two plots show the edge UE spectral efficiency also normalized to the largest value across both plots.  Similar trends are seen as with the (N1, N2) = (4,1) case:  For all ranks, the (O1, O2) = (4,4) configuration provides the highest performance as expected, and the magnitude of the degradation with the other configurations depends on the value of the fixed rank.  For ranks 1 through 4, there is relatively little difference between the six combinations of (O1, O2).  For ranks 5 through 8, there are severe losses in going from (4,4) to any of the other configurations. 
Observation 4: for both Outdoor FWA and Indoor FWA and for both (N1, N2) = (2,2) and (N1, N2) = (4,1) with fixed rank selection and full buffer traffic:  for ranks fixed at 1, 2, 3 or 4, there is little performance difference between the different choices of (O1, O2).  For ranks fixed at values higher than 4, the performance difference between the highest overhead configuration and the other configurations can be moderate to severe.  
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Figure 1: Spectral Efficiency for (N1,N2)=(4,1) for ranks 1 through 4 (left) and for ranks 5 through 8 (right).  Relative Sector SE (top) and Relative Edge UE SE (bottom).  Full Buffer traffic, Outdoor FWA scenario
[image: ][image: ][image: ][image: ]
Figure 2: Spectral Efficiency for (N1,N2)=(4,1) for ranks 1 through 4 (left) and for ranks 5 through 8 (right).  Relative Sector SE (top) and Relative Edge UE SE (bottom).  Full Buffer traffic, Indoor FWA scenario
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Figure 3: Spectral Efficiency for (N1,N2)=(2,2) for ranks 1 through 4 (left) and for ranks 5 through 8 (right).  Relative Sector SE (top) and Relative Edge UE SE (bottom).  Full Buffer traffic, Outdoor FWA scenario
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Figure 4: Spectral Efficiency for (N1,N2)=(2,2) for ranks 1 through 4 (left) and for ranks 5 through 8 (right).  Relative Sector SE (top) and Relative Edge UE SE (bottom).  Full Buffer traffic, Indoor FWA scenario

2.1.3.2 Adaptive Rank Selection 
System level simulations results were generated for both the Outdoor FWA and Indoor FWA scenarios with both FTP1 and full buffer traffic to evaluate the performance of the different choices for (O1, O2) for when the rank is adaptively selected for all scheduled UEs.  Figure 5 shows the performance in the Outdoor FWA scenario for (N1, N2) = (4,1) for bursty traffic at target loads of 20% (top left), 50% (top right), 70% (bottom left), and also for full buffer traffic (bottom right).  Figure 6 shows the corresponding plots for the Indoor FWA scenario for (N1, N2) = (4,1).  Figure 7 shows the corresponding plots for the Outdoor FWA scenario for (N1, N2) = (2,2).  Figure 8 shows the corresponding plots for the Indoor FWA scenario for (N1, N2) = (2,2).  The arrival rates for these target resource utilization values were the same arrival rates used in the simulation results presented in [6], which are also contained in the Appendix.  
As shown in Figures 5 and 6, for (N1, N2) = (4,1), we see moderate losses from using (O1, O2) = (2,1) or (1,1) relative to (O1, O2) = (4,1).  Those losses are more severe in the bursty traffic cases compared to the full buffer traffic case, which is likely due how the bursty traffic cases tend to involve higher rank transmissions where the losses from the lower overhead configurations are more severe.  Similar trends are shown in Figures 7 and 8 for (N1, N2) = (2,2), where we see moderate losses from using choices other than (O1, O2) = (4,4).  
Observation 5: for adaptive rank selection, the losses from not using the highest overhead configuration can be moderate to severe, where the losses are higher in situations where higher ranks tend to get selected more often (e.g., FTP1).  
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Figure 5: Relative UE spectral efficiency for (N1, N2) = (4,1): Mean and cell edge: FTP1 with target resource utilization of 20% (top left), 50% (top right), 70% (bottom left), and full buffer (bottom right). Outdoor FWA scenario
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Figure 6: Relative UE spectral efficiency for (N1, N2) = (4,1): Mean and cell edge: FTP1 with target resource utilization of 20% (top left), 50% (top right), 70% (bottom left), and full buffer (bottom right). Indoor FWA scenario
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Figure 7: Relative UE spectral efficiency for (N1, N2) = (2,2): Mean and cell edge: FTP1 with target resource utilization of 20% (top left), 50% (top right), 70% (bottom left), and full buffer (bottom right). Outdoor FWA scenario
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Figure 8: Relative UE spectral efficiency for (N1, N2) = (2,2): Mean and cell edge: FTP1 with target resource utilization of 20% (top left), 50% (top right), 70% (bottom left), and full buffer (bottom right). Indoor FWA scenario

2.1.3.3 Discussion  
As shown in the results in the previous subsections, not supporting the highest overhead configuration can severely impact UL system performance.  Given that support for ranks higher than 4 will be specified, it is important to avoid sacrificing the performance when a rank higher than 4 is selected, otherwise the overall benefits of supporting ranks higher than 4 will be reduced, significantly so in some situations.  
Observation 6: As shown in the system level simulation results, not supporting the highest overhead configuration for 8Tx can severely impact UL system performance.  Given that support for ranks higher than 4 will be specified, it is important to avoid sacrificing the performance when a rank higher than 4 is selected, otherwise the overall benefits of supporting ranks higher than 4 will be reduced, significantly so in some situations.
Based on these comprehensive system level simulation results and observations, we propose that
Proposal 2: For (N1, N2) = (4,1), consider supporting at least (O1, O2) = (4,1) based on UE capability.  For (N1, N2) = (2,2), consider supporting at least (O1, O2) = (4,4) based on UE capability.
Based on Table 5, supporting (O1, O2)=(4,1) will need extra 2-bit of indication overhead, compared with (O1,O2)=(1,1). Supporting (O1,O2)=(4,4) needs extra 4-bit overhead, compared with (O1,O2)=(1,1).

2.2	Partial coherent NR 8Tx codebook
Following RAN1’s agreement on the partial coherent 8Tx codebook design,
	Agreement (#110b)
For 8TX UE codebook-based uplink transmission,
· [bookmark: _Hlk123890554]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 



and RAN1’s agreement on antenna groups Ng,
	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 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




We shall use the same principle of Rel-15 UL 2Tx/4Tx CB design for 8Tx. Let’s consider Ng=2 and Ng=4 separately in the following sub-sections.
2.2.1	Antenna group 
RAN1 has this agreement for Ng=2:
	Agreement (RAN1 #112)
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)



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

Working Assumption (RAN1 #112b-e)
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)






When the antenna group , each antenna group shall have 4 coherent Tx ports. We may consider Rel-15 4Tx UL codebook. The Rel-15 4Tx codebook is based on ULA such as this placement
[image: ]
This placement with cross-polarzation is not supported in the Rel-15 4Tx codebook. 


Consider that the (M, N, P) = (2, 2, 2) and (1, 4, 2) are considered for 8Tx design, we shall consider x-pol support, based on DL Type-I codebooks.
Alternatively, we may reuse certain design principle from Rel-15 uplink 2Tx codebook. For example, with full rank support up to 8, the 8Tx precoders can be

where  and  are 4Tx coherent precoders. This design provides rank support: 2, 3, 4, 5, 6, 7, 8. 
If half rank (up to rank-4), the 8Tx precoders can be

where  and  are 4Tx coherent precoders, with these rank support: 1, 2, 3, 4
If  and  are independently indicated, there will be two TPMIs, each of which indicates a Rel-15 4Tx precoder. Based on Rel-15 spec, each TPMI field as “Precoding information and number of layers” has 6-bit payload for “codebookSubset = fullyAndPartialAndNonCoherent”. Separate TPMI means the double the TPMI payload to 12-bit, with maximum flexibility to support various ranks. 
Certain constraints to TPMI can have some overhead saving. For example, is there a need to support all 4Tx fully/partial/non-coherent codebooks, given that these 4Tx port in an antenna group are coherent. We can consider to support only fully coherent 4Tx in each TPMI. This approach can save 1-bit per TPMI, with a total 8Tx TPMI payload as 10-bit.
Further reduction of the overhead is possible by using a single 4Tx TPMI, instead of 2 TPMI. This approach will keep the overall 8Tx TPMI payload to 6-bit, which is the same of 4Tx. The drawback is the lack of flexibility in precoder selections, which might impact system-level performance.
[bookmark: _Ref127260123]Table 6    TPMI design choices for Ng=2, with full max rank per TPMI
	
	Design
	TPMI overhead (bits)
	Rank
	Pros
	Cons

	1
	Rel-15 4Tx baseline
	6
	1 to 4
	
	

	2
	Two independent TPMI, full/partial/non-coherent support per TPMI
	12
	2 to 8
	Flexible TPMI to support all 4Tx precoder combinations
	Large overhead

	3
	Two independent TPMI, full coherent support per TPMI
	10
	2 to 8
	Flexible TPMI combinations with reduced overhead
	Reduced number of precoders

	4
	Single TPMI for two antenna groups
	6
	2, 4, 6, 8
	Low overhead
	Limited 8Tx precoders



Table 6 lists these TMPI design possibilities with their corresponding pros and cons. Given that these designs will have different number of precoders, this will impact system-level performance, which can be evaluated with system-level simulations.
RAN1 agreement listed all possible rank combinations for Ng=2 with layer split. However, this type of design does not have a clear connection with the feedback payload size. 
With the existing agreements on layer splitting between the two antenna groups, the list of numbers of precoders for all ranks is shown in Table 7. All possible combinations of two possible 4Tx precoders (fully coherent) are considered in the table.
[bookmark: _Ref134974880]Table 7    List of numbers of precoders for all ranks: Ng=2
	Rank
	Ng=2 Combination
	# of precoders for each groups
	Total # of precoders per group combination
	Total # of precoders per rank

	1
	(1, 0)
	(16, 0)
	16
	32

	
	(0, 1)
	(0, 16)
	16
	

	2
	(2, 0)
	(8, 0)
	8
	272

	
	(0, 2)
	(0, 8)
	8
	

	
	(1, 1)
	(16, 16)
	256
	

	3
	(3, 0)
	(4, 0)
	4
	264

	
	(0, 3)
	(0, 4)
	4
	

	
	(1, 2)
	(16, 8)
	128
	

	
	(2, 1)
	(8, 16)
	128
	

	4
	(4, 0)
	(2, 0)
	2
	68

	
	(0, 4)
	(0, 2)
	2
	

	
	(2, 2)
	(8, 8)
	64
	

	5
	(2, 3)
	(8, 4)
	32
	64

	
	(3, 2)
	(4, 8)
	32
	

	6
	(3, 3)
	(4, 4)
	16
	16

	7
	(3, 4)
	(4, 2)
	8
	16

	
	(4, 3)
	(2, 4)
	8
	

	8
	(4, 4)
	(2, 2)
	4
	4

	Sum
	 
	 
	 
	736



With this list, there are a total of 736 8Tx precoders for Ng=2. We have two observations:
· The majority of the precoders is determined by the combination of lower rank precoders. For example, for Rank-2 with (1, 1) antenna group combination, the total number of precoders is 256 because each 4Tx group can support 16 precoders, as defined in Rel-15. If all combinations of these 16 precoders are supported, there will be 256 precoders.
· Removing certain layer splitting, such as (3, 2), won’t impact the total number of precoders much. The layer splitting (3, 2) has 32 precoders; also the layer splitting of (4, 3) for rank-7 Tx has only 8 precoders.

Proposal 3: Consider limiting certain 4Tx precoder combinations to reduce overhead for Ng=2 partially coherent CB design.

2.2.2	Antenna group 
	Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
	[bookmark: _Hlk134970699]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)






When , the number of coherent groups is 4, each of which has two coherent antenna ports (x-pol antenna ports in a typical case). If we also reuse design principle of Rel-15 uplink codebook to reuse Rel-15 UL 2Tx codebook precoders , the 8Tx precoder can have this form

with rank support of 4, 5, 6, 7, 8.
Alternatively, we may have these 8Tx precoders
	
	
	
	

	
	
	
	


to support rank of 2, 3, 4.
The choices of  are based on 2Tx codebooks. From TS 38.211, we have

Table 6.3.1.5-1: Precoding matrix  for single-layer transmission using two antenna ports.
	TPMI index
	

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

	0 – 5
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	-
	-




Table 6.3.1.5-4: Precoding matrix  for two-layer transmission using two antenna ports with transform precoding disabled.
	TPMI index
	

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

	0 – 2
	

	

	

	



From TS 38.212, with maxRank=2, the “Precoding information and number of layers” field in DCI for the 2Tx TMPI needs 4-bits to support these 9 TPMI indices.

Following the similar approach for Ng=4, we can have 4 independent TPMIs, each of which may be a Rel-15 2Tx TPMI with 4-bits. The total payload for 8Tx TPMIs will be 16 bits. Certain limitation on the 2Tx TPMI is possible. For example, we may remove the rank-2 precoder , which is a rank-2 non-coherent precoder. The 2Tx TPMI payload can be reduced to 3-bit for 8 TPMI indices. The total number of 8Tx TPMI payload would be 12 bits. Further limitation of the 2Tx TPMI will further lower the 8Tx TPMI overhead.
An alternative is to use 2 TPMIs, instead of 4 to have a tradeoff between overhead and performance. Out of Ng=4 groups, two groups shall share one TPMI and the other two groups will share another TPMI. The total overhead bits will be reduced to 8, instead of 16 bits when 4 TPMIs are used. We can also combine this with some limitations to the 2Tx TPMIs.
If single TPMI is shared for all 4 antenna groups, this design will provide lowest overhead with limited 8Tx precoders. All these possible designs are listed in Table 4.
[bookmark: _Ref127263760]Table 8    TPMI design choices for Ng=4, with full max rank=2 per TPMI
	
	Design
	TPMI overhead (bits)
	Rank
	Pros
	Cons

	1
	Rel-15 2Tx baseline
	4
	1, 2
	
	

	2
	4 independent TPMI, full/partial/non-coherent support per TPMI
	16
	4 to 8
	Flexible TPMI to support all four 2Tx precoder combinations
	Large overhead

	3
	4 independent TPMI, with limitation at 2Tx TPMI
	12
	4 to 8
	Flexible TPMI combinations with reduced overhead
	Reduced number of precoders

	4
	2 independent TPMIs
	8
	4, 6, 8
	Reduced overhead
	Reduced number of precoders

	5
	2 independent TPMI, with limitation at 2Tx TPMI
	6
	4, 6, 8
	Further reduced overhead
	Reduced number of precoders

	6
	Single TPMI for 4 antenna groups
	4
	4, 8
	Low overhead
	Limited 8Tx precoders



There is clear tradeoff between TPMI overhead and the number of precoders, which may have impact on uplink performance.
Following the existing agreements, a list of numbers of precoders for Ng=4 is shown in Table 9.
[bookmark: _Ref134975578]Table 9    List of numbers of precoders for Ng=4
[image: ]
With this list, there are a total of 2056 8Tx precoders for Ng=4, because there are many possible combinations for 4 antenna groups.
Here are some observations, similar to that of Ng=2:
· The majority of the precoders is determined by the combination of lower rank precoders. For example, for Rank-4 with (1, 1, 1, 1) antenna group combination, the total number of precoders is 256 because each 2Tx group can support 4 rank-1 precoders, as defined in Rel-15. If all combinations of these rank-1 precoders are supported, there will be 256 precoders.
· Removing certain layer splitting won’t impact the total number of precoders much. Instead, we shall focus on reducing certain combinations.

Proposal 4: Consider limiting certain 2Tx precoder combinations to reduce overhead for Ng=4 partially coherent CB design.





2.2.3	Other Antenna groups
Other than  and , there may be other possibilities in UE implementation for coherent antenna grouping. For example, it is possible to have , where 8Tx ports are grouped as (2, 2, 4), where one coherent group has 2 coherent antenna ports, another group has 2 coherent ports, and the 3rd group has 4 coherent ports. Among the 3 groups, theses antennas are not coherent. This implementation cannot fit the cases of  and . It is an open question on how to support this type of coherence implementations. Besides, there are more possible implementations that won’t fit into the current design of  or . 
Proposal 5: Study other possible implementations other than Ng=2 and Ng=4

2.3	Codebook configuration
RAN1 #112b-e have this agreement on CB configuration for fully-coherent, partially-coherent, and non-coherent UE.
	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.




Alt 3 is the simple choice by restricting UE within its capability. There is another issue related to UE feature, which is under discussion:
[bookmark: _Hlk134176800]For an 8TX UE, down-select from
· Option 1 – Subject to its capability, an 8TX UE may report more than one Ng value as part of its UE capability. Based on which, gNB may select and configure UE with one of supported Ng values.
· Option 2 – An 8TX UE may report only a single Ng value as part of its UE capability. No RRC configuration is needed.

If Option 1 is supported, we shall support Alt 3, where the UE can be configured to support one Ng, subject to its capability.
Proposal 6: Subject to its capability, an 8TX UE may report more than one Ng value as part of its UE capability. Based on which, gNB may select and configure UE with one of supported Ng values. Based on UE indicated capability of supporting Ng, UE can be configured to operate with its supported Ng values with RRC.

2.4	Non-codebook based Tx
For non-CB-based UL transmission, there were two agreements in the last two meetings:
	Agreement (RAN1 #112)
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 (RAN1 #112b-e)
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· Support Option 2 where a legacy-based solution is used by extending the existing SRI indication tables to include NSRS=8 and lmax=8




Option 2 shall be based the legacy SRI design, which supports up to 4Tx. Given that all SRS port combinations shall be supported, there would be an extensive table to list all possible port combinations for 8Tx. 
Proposal 7: Further study is needed to mitigate the spec impact on SRI table to support 8TX NCB Tx.

2.5	System simulation evaluation
RAN1 #109-e meeting has this agreement on EVM for system-level simulation for 8Tx codebook:
	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







For the study phase of this objective, there are several key questions to be answered:
· What gains can be achieved from supporting 8TX on the UL while retaining the current limitation of a maximum of 4 transmission layers? 
· What gains can be achieved if Rel-18 supports a maximum of 8 transmission layers on the UL in addition to supporting 8TX? 
To answer these questions, an extensive set of system simulation results were generated according to the parameters listed in the above table as part of the agreed evaluation methodology.  These simulation results were generated in both the outdoor and indoor FWA scenarios with configuration 1B for 8TX with both omni-directional UE antennas as well as with the directional antennas agreed to in the EVM.  Coherent UE configurations were assumed with the wideband TPMI selected according to the downlink Type I CSI (L=1) for both 8TX and 4TX.  Given the potential performance impact of the maximum supported modulation on the UL, system results are also provided for two maximum modulation orders: 64 QAM and 256QAM.  
As shown in the appendix, the gains from supporting 8TX and the additional gains from supporting up to 8 transmission layers are highly variable and depend on the scenario, the traffic characteristics, and the maximum modulation order.  However, the gains from supporting 8TX and up to 8 transmission layers are quite substantial across both the Outdoor and Indoor FWA scenarios, both types of UE antenna patterns (omni and directional), both maximum modulation orders (64QAM and 256QAM) and across the traffic types specified in the EVM for this objective (bursty and full buffer).  
Observation 7: The gains from supporting 8Tx and up to 8 Tx layers are quite substantial across both the Outdoor and Indoor FWA scenarios, both types of UE antenna patterns, both maximum modulation orders, and across traffic types.
Given this observation from system level simulations, there is a significant gain from supporting 8Tx over 4Tx, and also a significant gain for supporting a maximum of 8 transmission layers over a maximum of 4 transmission layers, for uplink transmission scenarios specified in the EVM. 
2.6	Channel Modelling for Performance Specification
To specify UL 8TX features with multiple codewords and practically relevant differing per layer/per CW performance, a spatially aware channel model must be utilized. 
We would like to draw to attention the discussion occurring in RAN4, specifically those detailed in [7] from RAN4 #106 and RAN4 #106-bis [8]. Where RAN4 have been discussing the requirement to utilize either a Cluster Delay Line model, or a correlation model to achieve this effect. Prior to these contributions RAN4, was defining requirements for (in this case 8Rx, 2 Codewords) in a tap delay line channel, with no spatial component. As is demonstrated in the example below this creates limited variation per layer for the post equalization SNR; this observation has initially led RAN4 to look to specify performance with a common MCS across both CW, however this activity is ongoing, and efforts are being made to specify a more realistic channel and different MCS across both CW.
	[image: ]

	


Furthermore, the choice of precoding vector per layer does not matter in TDL low (i.e., no) correlation environments. Every precoder will exhibit the same performance, hence the common observations that any precoder index and random precoding perform the same in TDL.
Observation 8: TDL channel models without any spatial component are not sufficient to emulate MIMO per layer and per codeword performance.
In a real deployment, it is observed that some MIMO layers will perform worse than others, with the maximum achievable per CW/TB performance being dominated by the performance of the worse layers within a CW.
Note: Depending on coding rates, the MCS choice is likely dominated by the worst or second to worst layer, as the coding rate decides how much payload bits the CW can stand to lose from the layers being undecodable. 
This illustrated in the figure below, which shows example per layer (average) performance or rather quality, where the MCS (vertical bar) is chosen to be different across both CW in either a real deployment, or a simulation whereby variable performance per layer can be emulated.
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In order to find an acceptable way to quickly model differencing average per layer SNR, RAN4 has been conducting studies on using a fixed MIMO precoder (PMI) along with TDL channels and spatial correlation.
It was detailed in [9] that TDL model can be enhanced with a simple linear spatial transformation on top of the independently created channel coefficients to create spatial correlation effects, and it is well known that CDL models exhibit the per layer and spatially dependent performance naturally.
[bookmark: _Hlk131657580]Proposal 8: Study channel models that capture the effect of differing average per layer BLER performance for link level evaluation of 8TX. 
For example, CDL or TDL with correlation and selected non-random precoders.


3	8Tx UE full-power modes

RAN1 #111 has these two agreement for 8Tx full power modes:
	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 
5. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
5. 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 #112b-e meeting reached this agreement:
	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 




Rel-16 mode-1 can be extended to 8Tx where a subset of the 8Tx codebook shall support full power. For non-coherent case with , one example precoder for rank-1 would be

to support full Tx power transmission for 8Tx ports. 
For other than rank-1, similar approach can be applied to limit TPMI in the 8Tx codebook. For other  cases, the TPMI limitation can be applied for the 8Tx partial coherent codebooks. 
The Rel-16 full power mode-2 can also be applied with virtualized SRS ports. One simple approach is to virtualize 8Tx ports to a single virtual SRS port. 
Proposal 9: Confirm the WA and support Rel-16 full power mode 1 and mode 2 for 8Tx support.
For non-coherent Tx with , these are possible PA architectures to reach full 23dBm for PC-3 UE:
· Homogeneous PA
· 14dBm max power per PA, where all 8 PAs shall be used for full power Tx
· 17dBm max power per PA, where 4 PAs are needed for full power Tx
· 20dBm max power per PA, where 2 PAs are needed for full power Tx
· Heterogeneous PA
· Single PA with 23dBm max power, while other lower-power PAs
· Two PAs with 20dBm max power each, with other lower-power PAs

For partial coherent TX, RAN1 has these agreed antenna layouts for Ng=2 and Ng=4, based on an agreement in RAN1 #109-e meeting:



Given these two general types of antenna layout with antenna groups, one assumption is that PAs in one antenna group shall have the same max Tx power capability. This assumption is based on that all Tx ports in one antenna group are coherent. Each antenna group may or may not deliver full Tx power collectively. With this assumption, further PA architectures can be studied to enable full Tx power support.
Proposal 10: Use these two antenna layouts with Ng=2 and Ng=4 to support model-1 and model-2 for full Tx power feature. 

4	Multiple Layers and Codewords
Based on WID, 8Tx operation is targeted for CPE/FWA/Industrial applications. As demonstrated in system-level simulation results shown in Appendix and discussions in Section 2.2, with maximum rank of 8 for 8Tx UE, there is clear indication that full rank operation will provide UE throughput gains. Besides, for CPE/FWA/Industrial applications, high peak Tx rate transmission in uplink could be necessary for certain use cases. 
RAN1 #112b-e meeting reached these agreements on the dual CW design
	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
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.

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 scheduled CWs
· Alt2: The CW with the higher MCS index (if MCS indices are the same, UCI is multiplex on the first CW)
· Note: in case of PUSCH retransmission, the initial MCS is used for CW selection.




This proposal on 8Tx CG PUSCH is under discussion:
[bookmark: _Hlk134197550]Support CG for dual CW PUSCH transmission by an 8TX UE,
· For Type-1 CG: A second mcsAndTBS parameters is configured in rrc-ConfiguredUplinkGrant
· For Type-2 CG: A second MCS field is added in DCI format activating a Type-2 CG-PUSCH

There is a question on whether configured grant shall be supported for 8Tx uplink transmission. For CPE/FWA/Industrial applications, certain use cases such XR, AGV etc may need low-latency and high throughput uplink transmission. Therefore, we shall support CG for dual CW PUSCH transmission.
Proposal 11: Support CG for dual CW PUSCH transmission for 8Tx.

5	List of RRC Parameters
There are potential RRC parameters for 8Tx uplink Tx, based on current agreements.
RAN2 parameters:
· Max number of MIMO layers
· (N1, N2) values for fully coherent 8Tx CB based on UE capability
· 8Tx full power Tx modes based on UE capability
· Number of antenna groups (Ng): 1, 2, 4

6	Conclusions
In this contribution, we are addressing the Objective 5 of the Rel-WID [1] on the uplink enhancements to enable 8Tx UL transmission. Here is the list of our observations:

Observation 1: To support (O1, O2)=(2, 1), 1-extra bit is needed in TPMI, compared to (O1, O2)=(1, 1).
Observation 2: To support (O1, O2)=(4, 1), 2-extra bits are needed in TPMI, compared to (O1, O2)=(1, 1).
Observation 3: To support (O1, O2)=(4, 4), 4-extra bits are needed in TPMI, compared to (O1, O2)=(1, 1).
Observation 4: for both Outdoor FWA and Indoor FWA and for both (N1, N2) = (2,2) and (N1, N2) = (4,1) with fixed rank selection and full buffer traffic:  for ranks fixed at 1, 2, 3 or 4, there is little performance difference between the different choices of (O1, O2).  For ranks fixed at values higher than 4, the performance difference between the highest overhead configuration and the other configurations can be moderate to severe.  
Observation 5: for adaptive rank selection, the losses from not using the highest overhead configuration can be moderate to severe, where the losses are higher in situations where higher ranks tend to get selected more often (e.g., FTP1).  
Observation 6: As shown in the system level simulation results, not supporting the highest overhead configuration for 8Tx can severely impact UL system performance.  Given that support for ranks higher than 4 will be specified, it is important to avoid sacrificing the performance when a rank higher than 4 is selected, otherwise the overall benefits of supporting ranks higher than 4 will be reduced, significantly so in some situations.
Observation 7: The gains from supporting 8Tx and up to 8 Tx layers are quite substantial across both the Outdoor and Indoor FWA scenarios, both types of UE antenna patterns, both maximum modulation orders, and across traffic types.
Observation 8: TDL channel models without any spatial component are not sufficient to emulate MIMO per layer and per codeword performance.

Our proposals are listed below:
Proposal 1: Considering feedback overhead for 8Tx uplink, support Type-I codebookMode=1 CB as fully coherent codebook.
Proposal 2: For (N1, N2) = (4,1), consider supporting at least (O1, O2) = (4,1) based on UE capability.  For (N1, N2) = (2,2), consider supporting at least (O1, O2) = (4,4) based on UE capability.
Proposal 3: Consider limiting certain 4Tx precoder combinations to reduce overhead for Ng=2 partially coherent CB design.
Proposal 4: Consider limiting certain 2Tx precoder combinations to reduce overhead for Ng=4 partially coherent CB design.
Proposal 5: Study other possible implementations other than Ng=2 and Ng=4
Proposal 6: Subject to its capability, an 8TX UE may report more than one Ng value as part of its UE capability. Based on which, gNB may select and configure UE with one of supported Ng values. Based on UE indicated capability of supporting Ng, UE can be configured to operate with its supported Ng values with RRC.
Proposal 7: Further study is needed to mitigate the spec impact on SRI table to support 8TX NCB Tx.
Proposal 8: Study channel models that capture the effect of differing average per layer BLER performance for link level evaluation of 8TX. 
Proposal 9: Confirm the WA and support Rel-16 full power mode 1 and mode 2 for 8Tx support.
Proposal 10: Use these two antenna layouts with Ng=2 and Ng=4 to support model-1 and model-2 for full Tx power feature. 
Proposal 11: Support CG for dual CW PUSCH transmission for 8Tx.
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Appendix – Detailed Simulation Results

Gain of 8TX with max 4 layers over 4TX with max 4 layers (UE config 1B)

These results show the gains that can be achieved in Rel-18 simply by enabling 8TX while keeping the current maximum of 4 transmission layers.  Small gains with full buffer, but much larger gains with bursty traffic.
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Figure A1:  Outdoor FWA scenario with UE config 1B:  gain of 8TX with max 4 layers over 4TX with max 4 layers: Left plot is the gain in the Mean UE SE, and the right plot is the gain in the Edge UE SE.  Four traffic scenarios: FTP model 1 with Target RU = 0.2, 0.5, 0.7 and Full Buffer.  Four configurations: Max 64QAM vs Max 256QAM and omni UE antennas vs directional UE antennas. 
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Figure A2:  Indoor FWA scenario with UE config 1B:  gain of 8TX with max 4 layers over 4TX with max 4 layers: Left plot is the gain in the Mean UE SE, and the right plot is the gain in the Edge UE SE.  Four traffic scenarios: FTP model 1 with Target RU = 0.2, 0.5, 0.7 and Full Buffer.   



Gain of 8TX with max 8 layers over 8TX with max 4 layers (UE config 1B)

These results show the additional gains that can be obtained by enabling the 8TX UL to support up to 8 layers rather than 4 layers.  Gains are variable, but quite substantial. 
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Figure A3:  Outdoor FWA scenario with UE config 1B:  gain of 8TX with max 8 layers over 8TX with max 4 layers: Left plot is the gain in the Mean UE SE, and the right plot is the gain in the Edge UE SE.  Four traffic scenarios: FTP model 1 with Target RU = 0.2, 0.5, 0.7 and Full Buffer.   
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Figure A4:  Indoor FWA scenario with UE config 1B:  gain of 8TX with max 8 layers over 8TX with max 4 layers: Left plot is the gain in the Mean UE SE, and the right plot is the gain in the Edge UE SE.  Four traffic scenarios: FTP model 1 with Target RU = 0.2, 0.5, 0.7 and Full Buffer.   



Gain of 8TX with max 8 layers over 4TX with max 4 layers (UE config 1B)

These results show the total possible gain that can be achieved with Rel-18 compared to Rel-17 if Rel-18 enables both 8TX and up to 8 transmission layers.    Most of these gains are rather large no matter what the combination of maximum modulation or whether the UE uses omni or directional antennas, etc. 
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Figure A5:  Outdoor FWA scenario with UE config 1B:  gain of 8TX with max 8 layers over 4TX with max 4 layers: Left plot is the gain in the Mean UE SE, and the right plot is the gain in the Edge UE SE.  Four traffic scenarios: FTP model 1 with Target RU = 0.2, 0.5, 0.7 and Full Buffer.   
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Figure A6:  Indoor FWA scenario with UE config 1B:  gain of 8TX with max 8 layers over 4TX with max 4 layers: Left plot is the gain in the Mean UE SE, and the right plot is the gain in the Edge UE SE.  Four traffic scenarios: FTP model 1 with Target RU = 0.2, 0.5, 0.7 and Full Buffer.   


Impact of wideband phase errors (UE config 1B)

These results show the loss in performance with wideband phase errors with φ=180o.  
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Figure A7:  Indoor FWA scenario with UE config 1B with omni UE antennas (max MCS level is 256QAM):  loss from wideband phase errors with φ=180 with the Rel-15 NR downlink Type I CSI used on the uplink: Left plot is the loss in the Mean UE SE, and the right plot is the loss in the Edge UE SE.  Four traffic scenarios: FTP model 1 with Target RU = 0.2, 0.5, 0.7 and Full Buffer.   
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Figure A8:  Outdoor FWA scenario with UE config 1B with omni UE antennas (max MCS level is 256QAM):  loss from wideband phase errors with φ=180 with the Rel-15 NR downlink Type I CSI used on the uplink: Left plot is the loss in the Mean UE SE, and the right plot is the loss in the Edge UE SE.  Four traffic scenarios: FTP model 1 with Target RU = 0.2, 0.5, 0.7 and Full Buffer.   





RAN1 Previous Agreements

RAN1 #109-e meeting Agreements
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.

R1-2205221	FL Summary on SRI/TPMI Enhancements; Second Round	Moderator (InterDigital Inc.)

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



R1-2205497	FL Summary on SRI/TPMI Enhancements; Third Round	Moderator (InterDigital Inc.)

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 meeting Agreements
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 meeting Agreements
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 meeting Agreements
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 
9. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
9. 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 meeting Agreements
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)
13. whether for all rank, or rank 1-2, or rank 3-8
13. applicability of different (O1, O2) values per agreed (N1, N2)
13. 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.

RAN1 #112b-e meeting Agreements
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.

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
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.
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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 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
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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)



Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· Support Option 2 where a legacy-based solution is used by extending the existing SRI indication tables to include NSRS=8 and lmax=8

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 scheduled CWs
· Alt2: The CW with the higher MCS index (if MCS indices are the same, UCI is multiplex on the first CW)
· Note: in case of PUSCH retransmission, the initial MCS is used for CW selection.

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

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.
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