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Introduction
This contribution provides Samsung’s view regarding the remaining issues on 8Tx UL operation. 

Potential enhancements
1.1 Codebook-based transmission
	Agreement [1]
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 [4]
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 [4]
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 [3]
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 [3]
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 [3]
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 [3]
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 [3]
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
· Support configuration of 1 SRS resource set containing up to X  8-port SRS resource(s), where X = 2   
· FFS : Other values for X, if needed 
· 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
· FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
· Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
· Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources

Agreement [4]
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 
3. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
3. 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 [4]
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



For a UE with 8 antenna ports, the number of antenna groups . It was agreed in RAN1#110bis-e that full coherent precoders correspond to , and partial coherent precoders correspond to . It is FFS whether full coherent precoders can be associated with . In our view, if two antenna groups are FC, they essentially can be combined into one antenna group. Therefore, the support for full coherent precoders for  is not needed. 

Observation 1: if two antenna groups comprise coherent antennae, they essentially can be combined into one antenna group for codebook design

Proposal 1: antennae within a group are coherent, and antennae across multiple groups are non-coherent
· Do not support full coherent precoders with 
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A parameterized approach can be used to describe the codebook and associated signalling. This would simplify the design and is scalable to >8Tx UL operations, if needed, in future. A similar approach has been used in legacy Rel. 15 Type I codebook, wherein parameters  are used to describe the codebook design and associated configurations.

Observation 2: a parameterized approach similar to Rel. 15 DL Type I codebook can be adopted to simply codebook design and to have a solution scalable to >8Tx, if needed, in future

In particular, different 8Tx antenna structures can be described based on the following parameters.
·  for cross-pol.
·  number of antenna groups.
·  Number of antennae in 1st dimension.
·  Number of antennae in 2nd dimension.

The number of groups () can be used to describe antenna coherence types, i.e. full-coherent (FC), partial-coherent (PC), and non-coherent (NC). In particular,
· FC: 
· PC: 
· NC: 

Examples of the possible antenna structures are shown in Figure 1. The tuple  can take following values.
· FC: 
· PC: 
· NC: 

Proposal 2: reuse DL Type I codebook parameters () to describe/configure 8Tx UL codebook for different coherence types
· FC: 
· PC: 
· NC: 
· FC/PC precoders: comprises two components 
· selection of antenna group(s)
· precoder associated with the selected antenna group(s)
· NC precoders: selection of antenna group(s), where a group comprises single antenna


Codebook design

Considering that the TPMI indication is WB and it is indicated via UL-DCI, the TPMI payload (i.e., overall codebook size) should be restricted, for example, 1-2 bits more than 4Tx TPMI overhead (which is at most 6 bits). Hence, the codebook design should be based on the UPT gain vs CB size (TPMI overhead) trade-offs. Note that this is also the metric used in evaluation of Type II codebooks since Rel.16. 

Proposal 3: similar to Rel.16-18 Type II codebook design, the metric for evaluating different 8Tx codebook alternatives should be UPT gain vs codebook size (TPMI overhead).

Full coherent precoder design

As agreed, the starting point of FC precoder design is DL Type 1 single panel codebook. There are two aspects for further discussion.
· Codebook parameters:
· [bookmark: _GoBack]CodebookMode: in DL Type I codebook, codebookMode1 corresponds to  (single DFT beam) and codebookMode2 corresponds to . Similar to FC precoders in Rel. 15 UL 4Tx codebook, the number of DFT beams can be fixed to 1 (i.e., ). This can be save up to 2 bits when compared with .
· Oversampling factors : similar to Rel.15 4Tx UL codebook (cf. Appendix A), the oversampling can be less (e.g. 1 or 2) than DL Type I CB (i.e. 4). It was also agreed in RAN1#110 to study lower oversampling factors. Therefore, the oversampling factors can be chosen such that  for  and , where  can be 4 or 8. The value can  can be chosen based on performance evaluation.
· Codebook subsampling: to reduce the TPMI payload, the Rel. 15 Type I codebook can be subsampled by a factor of , implying that a subset of Rel. 15 Type I codebook is used as FC precoders in 8Tx UL codebook. For instance, the subsampling factor can be  for rank 1-2, and  for rank 3-4, and  for rank 5-8. As shown in Appendix, a similar approach was adopted while designing the Rel. 15 UL 4Tx codebook. An example of the subsampling can be as follows:
· (i11,i12): 
· {0,1,2,3} for rank 1-2
· {0,2} for rank 3-4
· {0} for rank 5-8
· i13 (rank 2-4): only i13=0
· i2: 
· {0,1,2,3} for rank 1, 
· {0,1} for rank 2-4, and 
· {0} for rank 5-8

Simulation results comparing FC precoders with or without subsampling are provided in Section 3. It has been shown that the number of rank 1-4 FC precoders can be around 64 in order to achieve the best UPT vs TPMI overhead trade-off.

Proposal 4: support the following as the starting point regarding full-coherent precoder design
· Codebook parameters
·  
· Lower oversampling factors:  for  and , where  is 4 or 8
· Codebook subsampling: Rel. 16 DL Type I single codebook is subsampled by a factor , i.e., a subset of Rel. 15 Type I codebook is used as FC precoders in 8Tx UL codebook 
· Rank 1-2: (no subsampling)
· Rank 3-4: (subsampling by 2)
· Rank 5-8: (subsampling by 4)

Partial coherent precoder design

The partial coherent precoders for  can be constructed according to one of the following alternatives.
· Alt1: based on UL 4Tx codebook
· Rank 1: one 4Tx rank 1 TPMI + indication of 1 of the 2 groups
· FC only
· Rank 2: depending on distribution of layers across groups
· Ex1 (all layers in one group): one 4Tx rank 2 TPMI + indication of 1 of the 2 groups
1. FC only
· Ex2 (one layer per group): two 4Tx rank 1 TPMIs, one for each group
1. Ex2a: both FC
2. Ex2b: one FC and one PC
· Rank > 3: similar to rank 2
· Alt2: based on UL 2Tx codebook + co-phase across 2Tx TPMIs (to obtain a 4Tx precoder)
· Rank 1: two 2Tx rank 1 TPMIs + one rank 1 co-phase + indication of 1 of the 2 groups 
· FC only
· Rank 2: depending on distribution of layers across groups
· Ex3 (all layers in one group): two 2Tx rank 2 TPMIs + rank 2 co-phase + indication of 1 of the 2 groups
· Ex4 (one layer per group): Two pairs of (two 2Tx rank 1 TPMIs + one rank 1 co-phase), one pair for each group
1. Ex4a: both FC
2. Ex4b: one FC and one PC
· Rank > 3: similar to rank 2
· Alt3: based on both UL 2Tx and 4Tx codebooks
· Rank 1: a combination based on examples in Alt1 and Alt2
· Ex5: one 4Tx rank 1 TPMI 
· Ex6: two 2Tx rank 1 TPMIs + co-phase across 2Tx TPMIs
· Rank 2: a combination based on examples in Alt1 and Alt2
· Rank > 3: similar to rank 2

Among these alternatives, Alt1 is the simplest and makes the most sense since the antenna ports within a group are expected to be coherent. So, Rel. 15 UL 4Tx FC precoders can be considered as the starting point for .

For , there are two alternatives:
· Alt1: Rel.15 UL 4Tx partial-coherent precoders
· Alt2: Rel. 15 UL 2Tx full-coherent precoders

Either alternative seems plausible as the starting point. One advantage of Alt1 though is that Rel.15 4Tx PC precoders based design can reduce the number of candidate precoders significantly, when compared with 2Tx full-coherent based design. So, we prefer Alt1.
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An example of the PC precoder design is shown in Figure 2.
· : based on FC precoders (shown in red boxes)
· 1 FC precoder: 
· group 1  ( from TPMI12-27)
· group 2  ( from TPMI12-27)
· 2 FC precoders:  ( from TPMI12-27)
· : based on PC 4Tx precoders (shown in blue boxes)
· 1 PC precoder: 
· group 1  ( from TPMI4-7)
· group 2  ( from TPMI8-11)
· group 3  ( from TPMI4-7)
· group 4  ( from TPMI8-11)
· 2 PC precoders:  ( from TPMI4-11)


Proposal 5: support the following as the starting point regarding partial coherent precoder design
· : based on Rel. 15 UL 4Tx full-coherent precoders
· : based on Rel. 15 UL 4Tx partial-coherent precoders


TPMI overhead reduction

As agreed, mechanisms to reduce TPMI payload need to be considered in order to keep TPMI payload reasonable. We can consider the following example mechanisms to keep the codebook size hence the TPMI payload reasonable.

Mechanism 1: based on codebook parameters

The values of the codebook parameters can be one approach to reduce payload.
· Single DFT beam: the number of DFT beams can be fixed to 1 (i.e.,  which corresponds to codebookMode1 in DL Type I codebook).
· Lower oversampling factors : similar to Rel. 15 4Tx UL codebook (cf. Appendix A, [5]), the oversampling can be less (e.g. 1 or 2) than DL T1 CB (i.e. 4). It was also agreed in RAN1#110 to study lower oversampling factors. To ensure QPSK precoder entries, the oversampling factors can be chosen such that  for  and , where  can be 4 or 8.

Mechanism 2: based on efficient signalling

The UL precoding indication indicates two components: (A) selection of antenna group(s), and (B) for FC or PC antenna group(s), a TPMI indicating a precoding matrix across the selected group(s). The indication about (A) and (B) can be according to the following examples:
· Ex1: two separate indicators, one for (A) and another for (B).
· Ex2: a joint indicator, e.g. TPMI 
Note that SRI and TPMI fields already exist in legacy UL-related DCI. The legacy UL precoding indication corresponds to Ex2. However, for 8Tx, Ex1 can be more efficient UL precoding indication scheme from spec simplicity perspective, since it can keep the TPMI payload small and decouples antenna selection aspect from the precoding indication, and couples it with SRI (which is intended to indicate selection of antennae/resources). Therefore, SRI can be used indicating (A) and TPMI can be used for indicating (B). 

Proposal 6: support the following mechanisms to reduce TPMI payload
· Mechanism 1: based on codebook parameter
·  
· Lower oversampling factors:  for  and , where  is 4 or 8
· Mechanism 2: based on efficient signalling for the indication of (A) antenna group(s), and (B) UL precoding matrix, e.g. two separate indicators, e.g. SRI for (A) and TPMI for (B)

Full power modes

The Rel. 16 supports 3 different full power modes. If PC or NC precoders are included in the 8Tx UL codebook, then the full power modes may need to be supported. A summary of potential enhancements for different full power modes is provided in Table 1. 
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	Rel.16 full power modes
	Use case/feature
	Potential enhancements for 8Tx

	fullPower (or Mode0)
	All full-rated PAs
	Reuse (no spec change expected)

	fullPowerMode1
	No full-rated PAs
· Introduce a TPMI (x) to combine non-full-rated PAs to achieve full power
	8Tx TPMI (x) is needed

	fullPowerMode2
	SRS resources with different #SRS ports in a set
· SRS virtualization to achieve full power
	UE capability on SRS resource with different #ports

	
	Full power TPMI group(s) reported by UE
· Full power only for reported TPMIs
· Legacy power scaling for remaining TPMIs
	UE capability on 8Tx TPMI group(s)



Since the need for any enhancements for 8Tx will depend on the 8Tx UL codebook, the discussion on full power modes can start after the 8Tx codebook is designed and almost complete.

Proposal 7: Discussion on full power modes can start after the 8Tx codebook design is sufficiently mature

1.2 Non-codebook-based transmission
	Agreement [3]
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively 



For NCB based UL, the potential enhancements can include the following.
· Number of SRS resource set: when , the legacy (Rel.15) NCB based UL can be reused, and hence one SRS resource set with  resources can be configured. When , then the  SRS resources can be configured via one or two SRS resource sets. One resource set corresponds to simple extension of legacy Rel. 15 solution, whereas two SRS resource sets can provide more flexibility, and can also be used for mTRP schemes (e.g. Rel. 17 mTRP PUSCH). We therefore prefer to exploit number of SRS resource sets, and consider both one and two SRS resource sets for NCB based UL.
· SRI indication: when , the SRI indication remains the same as in Rel. 15, and when , the following aspects can be considered regarding the SRI indication.
· : the configured value of the max number of UL layers ( can be 4 or >4. 
· Indication scheme: the SRI indication scheme can be one of the following.
· Alt1: the legacy scheme based on the combinatorial index is used (extension of Rel. 15 SRI indication tables). The issue with the alternative is the spec-complexity due to (a) extending legacy tables for  for , and (b) introducing new tables for . The spec-complexity can save only 1-2 bits at the most when  is small, and there is no saving when  is large. 
· Alt2: a bitmap comprising  bits is used, where the location of ‘1’s indicate the indicated SRS resource(s). The bitmap based scheme can be simpler (when compared with a combinatorial index based scheme).

Observation 3: when compared with a bitmap approach, SRI indication for non-codebook-based 8Tx UL operation based on combinatorial indexing has large spec-complexity, and can save 1-2 bits only when  is small, and there is no saving for large .

Proposal 8: regarding 8Tx NCB based UL transmission,
· Number of SRS resource sets: support two SRS resource sets in addition to one SRS resource set
· When , the SRI indication follows legacy (Rel.15) scheme (i.e. based on combinatorial tables), and 
· When , the SRI indication is based on a length- bitmap

1.3 Multi-panel UE
For a UE equipped with 2 antenna panels, and simultaneous transmission from 2 panels (STx2P), the UL transmission can correspond to one PUSCH transmitted towards one TRP (sTRP) or 2 PUSCHs transmitted towards two TRPs (mTRP). The STx2P to sTRP is akin to Rel. 17 NCJT CSI, and hence SRI can indicate a pair of SRS resources (e.g. in one set) for joint transmission from 2 panels to 1 TRP. The STx2P to mTRP on the other hand is akin to Rel. 17 mTRP PUSCH repetition, and hence 2 SRIs can be used to indicate 2 SRS resources (e.g. from 2 sets) for separate transmission from 2 panels to 2 TRPs. Further details on STx2P are provided in our contribution [6].

Proposal 9: for STx2P, support both 
· Case 1 (1 PUSCH): one SRI indicating a pair of SRS resources (e.g. STx2P to sTRP)
· Case 2 (2 PUSCHs): two SRIs, each indicating a SRS resource for a TRP (e.g. STx2P to mTRP)

1.4 2 CWs
	Working Assumption [1]
For uplink transmission with rank>4, support dual CW transmission.

Agreement [4]
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 [4]
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



For >4 layers PUSCH transmission, we support to confirm the working assumption on 2 CWs with completely reusing legacy DL CW-layer mapping. 

Our view about the remaining issues to support 2CW is as follows.
· MCS, NDI, RV: considering the progress thus far, we propose to reuse legacy design (2 CW DL).
· UCI multiplexing: there are five alternatives to down-select from. Among these, we support Option1 and Option5 (as 2nd preference), and have concerns on other options.
· Option1: UCI is always multiplexed on one of the CWs. We support this options since it has been used in LTE. In particular, we support UCI multiplexing on the 1st CW. This has the least spec impact among the five options.
· Option2: UCI is multiplexed on both CWs. This option requires a new UE implementation, which is not desired from a UE perspective. So, we do not support this.
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs. This options has very large spec impact since it very different from legacy. So, this option should also be avoided. We therefore do not support this.
· Option4: UCI is multiplexed only when single CW is enabled. This seems to an artificial restriction with no clear benefit since it implies that UCI multiplexing can only be performed when rank <= 4. Besides, it is unclear whether rank can be more than 4. If yes, this is against the agreement, hence should be excluded.
· Option5: UCI is repeated across the two CWs. Similar to Option 1, this option also has small spec impact, and can work with legacy UE implementation. However, (alpha, beta-offset) should be the same for both CWs since there is no reason to introduce a new (alpha, beta-offset) for the 2 CW case.
· Scrambling: DL scrambling can be reused
· Whether/how to enable/disable 2nd CW: this is not needed since the 2nd CW has to be enabled when rank > 4. Besides, there will be performance loss if 2nd CW is disabled since the UL transmission is restricted to rank <= 4.

Observation 4: considering the progress in this agenda, the legacy design should be reused as much as possible for the remaining issues on 2 CWs
· UCI multiplexing on both CWs (Option2) requires a new UE implementation, hence not preferred
· UCI multiplexing based on one or two CWs based on UCI type (Option3) will have very large spec impact since it is very different from legacy
· UCI multiplexing only when single CW is enabled (Option4) is an artificial restriction on UL transmission rank

Proposal 10: regarding 2 CWs for > 4 layers
· confirm the working assumption
· MCS, NDI, RV: support reusing legacy (DL) design
· UCI multiplexing: 
· support Option 1 and UCI is multiplexed on the 1st CW
· do not support Option2, Option3, and Option4
· Scrambling: support reusing DL design
· Enable/disable 2nd CW: do not support
SLS results
The SLS results according to the agreed EVM in RAN1#109-e (Table 2 in Appendix B) are provided in this section for the following setting:
· 8Tx antenna layout: Alt 1-b (Ng=1, (M, N ,P)=(1,4,2)
· Full-coherent precoders based on DL Type I codebook: only full coherent precoding matrices are considered, and the following alternatives for the codebooks (CBs) are compared. Two oversampling factors (O) are also considered. Three different evaluations are performed. A summary is provided in Table 2. 
· Evaluation 1: rank 1 only
· O=1: CB0, CB4, CB5, CB6
· O=2: CB0, CB4, CB5, CB6
· Evaluation 2: Dynamic rank 1-2
· O=1: CB0, CB4, CB5, CB6
· O=2: CB0, CB4, CB5, CB6
· Evaluation 3: Dynamic rank 1-4
· O=1: CB0-CB9, 
· O=2: CB0-CB9, 
· O=1: CB0-CB9, 
· O=2: CB0-CB9, 
· UE Tx power: 23dBm, 32dBm
· Modulation: 64QAM
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	Rank 1-1
	Rank 3-4
	Evaluation 1: rank 1 only
	Evaluation 2: dynamic rank 1-2
	Evaluation 3: dynamic rank 1-4

	CB0
	No subsampling
	No subsampling
	Y
	Y
	Y

	CB1
	No subsampling
	Subsampling by 2, even-numbered
	
	
	Y

	CB2
	No subsampling
	Subsampling by 2, odd-numbered
	
	
	Y

	CB3
	No subsampling
	Subsampling by 2, random
	
	
	Y

	CB4
	Subsampling by 2, even-numbered
	Subsampling by 4, even-numbered
	Y
	Y
	Y

	CB5
	Subsampling by 2, odd-numbered
	Subsampling by 4, odd-numbered
	Y
	Y
	Y

	CB6
	Subsampling by 2, random
	Subsampling by 2, random
	Y
	Y
	Y

	CB7
	Subsampling by 2, even-numbered
	Subsampling by 8, even-numbered
	
	
	Y

	CB8
	Subsampling by 2, odd-numbered
	Subsampling by 8, odd-numbered
	
	
	Y

	CB9
	Subsampling by 2, random
	Subsampling by 8, random
	
	
	Y



The avg. UPT gain vs CB size trade-offs are shown in Figure 2 - Figure 7, for the three evaluations. In Figure 2 - Figure 5, two sets are results are provided, one for O=1 and another for O=2, and each set of results includes four points for CB0, CB4, CB5, CB6. We can observe the following. In Figure 6 and Figure 7, four sets are results are provided, one for O=1,2, and  and , and each set of results includes ten points for CB0-CB9. We can observe the following.

Observation 5: for full-coherent precoder design, when comparing avg. UPT gain and codebook size (or PMI overhead) overhead trade-offs, the following codebook sizes achieves the best trade-offs
· For rank 1 only: codebook size = 14-16 bits (CB0, CB4, or CB6)
· Dynamic rank 1-2: codebook size = 24 (CB0 or CB4)
· Dynamic rank 1-4: rank 1-4 codebook size = 64 (CB1 or CB2) 
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Conclusion
In this contribution, the following observations and proposals are made: 

Observation 1: if two antenna groups comprise coherent antennae, they essentially can be combined into one antenna group for codebook design

Observation 2: a parameterized approach similar to Rel. 15 DL Type I codebook can be adopted to simply codebook design and to have a solution scalable to >8Tx, if needed, in future

Observation 3: when compared with a bitmap approach, SRI indication for non-codebook-based 8Tx UL operation based on combinatorial indexing has large spec-complexity, and can save 1-2 bits only when  is small, and there is no saving for large .

Observation 4: considering the progress in this agenda, the legacy design should be reused as much as possible for the remaining issues on 2 CWs
· UCI multiplexing on both CWs (Option2) requires a new UE implementation, hence not preferred
· UCI multiplexing based on one or two CWs based on UCI type (Option3) will have very large spec impact since it is very different from legacy
· UCI multiplexing only when single CW is enabled (Option4) is an artificial restriction on UL transmission rank

Observation 5: for full-coherent precoder design, when comparing avg. UPT gain and codebook size (or PMI overhead) overhead trade-offs, the following codebook sizes achieves the best trade-offs
· For rank 1 only: codebook size = 14-16 bits (CB0, CB4, or CB6)
· Dynamic rank 1-2: codebook size = 24 (CB0 or CB4)
· Dynamic rank 1-4: rank 1-4 codebook size = 64 (CB1 or CB2) 

Proposal 1: antennae within a group are coherent, and antennae across multiple groups are non-coherent
· Do not support full coherent precoders with 

Proposal 2: reuse DL Type I codebook parameters () to describe/configure 8Tx UL codebook for different coherence types
· FC: 
· PC: 
· NC: 
· FC/PC precoders: comprises two components 
· selection of antenna group(s)
· precoder associated with the selected antenna group(s)
· NC precoders: selection of antenna group(s), where a group comprises single antenna

Proposal 3: similar to Rel.16-18 Type II codebook design, the metric for evaluating different 8Tx codebook alternatives should be UPT gain vs codebook size (TPMI overhead).

Proposal 4: support the following as the starting point regarding full-coherent precoder design
· Codebook parameters
·  
· Lower oversampling factors:  for  and , where  is 4 or 8
· Codebook subsampling: Rel. 16 DL Type I single codebook is subsampled by a factor , i.e., a subset of Rel. 15 Type I codebook is used as FC precoders in 8Tx UL codebook 
· Rank 1-2: (no subsampling)
· Rank 3-4: (subsampling by 2)
· Rank 5-8: (subsampling by 4)

Proposal 5: support the following as the starting point regarding partial coherent precoder design
· : based on Rel. 15 UL 4Tx full-coherent precoders
· : based on Rel. 15 UL 4Tx partial-coherent precoders

Proposal 6: support the following mechanisms to reduce TPMI payload
· Mechanism 1: based on codebook parameter
·  
· Lower oversampling factors:  for  and , where  is 4 or 8
· Mechanism 2: based on efficient signalling for the indication of (A) antenna group(s), and (B) UL precoding matrix, e.g. two separate indicators, e.g. SRI for (A) and TPMI for (B)

Proposal 7: Discussion on full power modes can start after the 8Tx codebook design is sufficiently mature

Proposal 8: regarding 8Tx NCB based UL transmission,
· Number of SRS resource sets: support two SRS resource sets in addition to one SRS resource set
· When , the SRI indication follows legacy (Rel.15) scheme (i.e. based on combinatorial tables), and 
· When , the SRI indication is based on a length- bitmap

Proposal 9: for STx2P, support both 
· Case 1 (1 PUSCH): one SRI indicating a pair of SRS resources (e.g. STx2P to sTRP)
· Case 2 (2 PUSCHs): two SRIs, each indicating a SRS resource for a TRP (e.g. STx2P to mTRP)

Proposal 10: regarding 2 CWs for > 4 layers
· confirm the working assumption
· MCS, NDI, RV: support reusing legacy (DL) design
· UCI multiplexing: 
· support Option 1 and UCI is multiplexed on the 1st CW
· do not support Option2, Option3, and Option4
· Scrambling: support reusing DL design
· Enable/disable 2nd CW: do not support
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[bookmark: _Ref115350059]Table 3
	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

	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 : 
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆 

	gNB antenna radiation pattern parameters
	Outdoor 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
	Case 1-b: Ng=1, (M,N,P) = (1,2,4)

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested medium RU of value of 50%

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50

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

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



23 dBm, rank 1 only

O=1	CB0,CB4: [X VALUE], [Y VALUE]


16	8	8	8	1	0.8805944132130562	0.72663093214799324	0.88190177365232925	O=2	32	16	16	14	0.970584390116355	1	0.95507037957031427	0.96143286704144337	rank 1 CB size


Avg. UPT gain




32 dBm, rank 1 only

O=1	16	8	8	8	1	0.85719754977029095	0.99199846860643182	0.96818529862174585	O=2	CB6: [X VALUE], [Y VALUE]


32	16	16	14	1.057542113323124	1	1.0328101071975497	1.0502297090352219	rank 1 CB size


Avg. UPT gain




23 dBm, dynamic rank 1-2

O=1	24	12	12	12	1	0.92203975164407215	0.82515889635916084	0.93195929314082071	O=2	CB0, CB4: [X VALUE], [Y VALUE]


48	24	24	24	1.0406333810940886	1	0.96656747125169917	0.94265035453176094	rank 1-2 CB size


Avg. UPT gain




32 dBm, dynamic rank 1-2

O=1	24	12	12	12	1	0.93259853718000818	0.90491670052824058	0.8656034132466478	O=2	CB0, CB4: [X VALUE], [Y VALUE]


48	24	24	24	1.0109457537586348	1	0.95217899227956126	0.92475111743193816	rank 1-2 CB size


Avg. UPT gain




23 dBm, dynamic rank 1-4

O=1, i13=0	40	32	32	32	16	16	16	14	14	14	1	0.97933560031388955	0.96300586674638478	0.94136990396472486	0.87410784350360604	0.83546952654982998	0.88812077276633905	0.85927282239079261	0.80198796756473978	0.90415156384290585	O=1, i13=0,1,2	72	48	48	48	24	24	24	18	18	18	0.99940211501812348	0.99379694331303015	0.9915548746309929	0.92541384851089281	0.85512499532902364	0.81454355218414853	0.9090467471320206	0.88490714098875234	0.83117222824259185	0.84623145622360907	O=2, i13=0	CB1: [X VALUE], [Y VALUE]


80	64	64	64	32	32	32	28	28	28	1.0142745039423042	1.0418145809199955	1.0240275027091663	0.8550128918949218	0.952804454243115	0.95676544224804749	0.88165614139979831	0.93524158290048953	0.94372407608086395	0.93292477859571776	O=2, i13=0,1,2	144	96	96	96	48	48	48	36	36	36	1.0110982399760846	1.0365830873285751	1.0340794439669667	0.88961548522103062	0.95811068345726991	0.95710175255035312	0.88685026717985127	0.93654945629834463	0.95187025895893274	0.93841784686670904	rank 1-4 CB size


Avg. UPT gain




32 dBm, dynamic rank 1-4

O=1, i13=0	40	32	32	32	16	16	16	14	14	14	1	0.98737244554535419	0.97703346705796823	0.94302792062680063	0.88993295818637086	0.91298026439783531	0.93298511079400126	0.88637893433133197	0.90662610053579606	0.94814356102420516	O=1, i13=0,1,2	48	48	48	24	24	24	18	18	18	1.0083465711747126	1.0242050564066665	0.97754503109770885	0.89063299318812106	0.91273794458953716	0.94518187447833923	0.90334132091219954	0.91144557227861389	0.87819390969548472	O=2, i13=0	CB2: [X VALUE], [Y VALUE]


80	64	64	64	32	32	32	28	28	28	1.0199509975498775	1.0102851296410975	1.0562181955251608	0.88917907433833232	0.9785143103309013	0.9706793031959291	0.90797232169300779	0.95342074796047505	0.94631270025039715	0.92964648232411617	O=2, i13=0,1,2	144	96	96	96	48	48	48	36	36	36	1.0360518025901295	1.0456638216526213	1.0655071215099217	0.91995368999219196	0.98737244554535419	0.96769069222691917	0.91403031690046044	0.9507283056460516	0.93640451253331913	0.94453568832287782	rank 1-4 CB size


Avg. UPT gain
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