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Introduction
The Rel.18 WID [1] includes the following objectives regarding the 8Tx UL operation.
	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.



This contribution provides Samsung’s view regarding the 8Tx UL operation. 

Potential enhancements
1.1 Transmission scheme
	Agreement [2]
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.



In Rel. 15 NR, two transmission schemes are supported for PUSCH transmission, namely codebook (CB) based UL transmission and non-codebook (NCB) based UL transmission. For 8Tx UL operations, both schemes should be supported due to the following reasons:
· The CB based UL transmission is currently implemented in real deployments, hence is likely to implemented for 8Tx also. 
· The NCB based UL transmission on the other hand targets a different use case, i.e., reciprocity-based UL operations. If UE-side reciprocity holds, then NCB based UL transmission can be beneficial. 

The scope of potential enhancements for the two schemes, however, are quite different. In particular, CB based is likely to have a broader scope (e.g., including 8Tx TPMI codebook design which often requires simulations), hence will require more time, when compared with NCB based. Due to limited TU, RAN1 can therefore adopt a serialized approach, and prioritize CB based UL transmission in next 1-2 meetings.  

Observation 1: regarding the UL transmission schemes
· CB-based UL is implemented in current deployments, hence is likely to be implemented for 8 Tx as well
· NCB based UL can be beneficial if UE-side reciprocity holds

Proposal 1: Regarding the transmission scheme for 8Tx UL operations,
· Support both CB and NCB based UL transmission
· For RAN1 work, adopt a serialized approach and prioritize CB-based discussions next 1-2 meetings

1.2 Codebook-based transmission
	Agreement [2]
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs .
 
Agreement [2]
Study full power transmission for 8TX UEs .
· Details are FFS upon completion of codebook design
Agreement [2]
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 [2]
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.



Regarding the UE antenna layouts for codebook design, the following aspects require further discussion:
· Polarization: the antennae can be single polarized, i.e., having a single polarization, or cross-polarized, i.e., having two polarizations, 4 antennae with one polarization (e.g. +45) and 4 antennae with another polarization (e.g. -45). Since cross-polarized antennae are more common in practice, we can consider it for 8Tx codebook design. 
· Antenna groups: 8 antennae can be co-located at one place on the device or distributed at multiple places on the device (e.g. surfaces/planes, sides, edges, corners, panels). Antennae at one place can be modelled as an antenna group. Hence, 8 antennae can comprise one group or multiple groups depending on whether they are located at one or multiple locations. 
· Antenna panels and coherence types: the antenna groups can also be used to describe the antenna panel(s) and the coherence types of the UE. For a single panel UE, the number of antenna group can be one, and the coherence type can be full-coherence. For a multi-panel UE (MPUE), the number of antenna groups can be multiple (e.g. panel = group), and the coherence type can be partial-coherence or non-coherence.

Proposal 2: consider the following aspects of 8Tx antenna layout,
· Polarization: cross-polarized
· Antenna groups:  groups 
· Antenna panels and coherence types:
· Single panel: one antenna group () and full-coherence
· Multi-panel: multiple antenna groups () and partial-/non-coherence

In Rel-15 4Tx UL codebook, three types are precoders, i.e., full-coherent (FC), partial-coherent (PC), and non-coherent (NC) are included. The FC precoders are essentially a subset of DL Type I 4Tx codebook [3], (relevant RAN1 agreements are copied in Appendix A), the PC precoders correspond to a subset of LTE 4Tx codebook, and the NC precoders correspond to antenna selection vectors. Since these three types of precoders were taken from three different types of codebooks, they were difficult to describe using a unified approach. For efficient discussion on 8Tx, however we should avoid adopting similar (i.e. Rel.15) approach, and rather consider a unified approach for all 3 coherence types. The approach based on antenna groups can be one way to unify. The antennae within an antenna group can be FC. Across two antenna groups, the transmission is NC or PC.

Proposal 3: support a single unified 8Tx codebook structure for different coherence types (i.e. FC, PC, and NC) based on antenna groups
· Antennae within a group are coherent
· Antennae across multiple groups are non-coherent

A summary of the five alternatives for 8Tx codebook design agreed last meeting is provided in Table 1. Comparing these alternative,
· It is unnecessary to use R15 DL T1 CB to design non-coherent precoders. Hence, Alt2-b and Alt3 should be precluded.
· With Alt2-a, for FC, a co-phasing component needs to designed between 2Tx/4Tx pre-coders in order to obtain a FC 8Tx precoder. Such co-phasing component is already present in R15 DL T1 CB, hence can be reused. 
· In our view, Alt1-a and Alt1-b are similar since at least a subset of R15 2Tx/4Tx UL precoders is included in R15 DL T1 CB. 
· We therefore prefer Alt1-a since it allows maximum reuse of legacy codebooks, hence minimizing codebook design efforts.
· Finally, given that the 8Tx TPMI will be WB, the performance difference among these alternative, if any, is likely to me marginal.
[bookmark: _Ref111065310]Table 1
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Observation 2: regarding the five alternatives on the 8Tx UL codebook design  
· Alt2-b and Alt3 are over-design and unnecessary since R15 DL T1 CB is needed for NC precoders
· Alt2-a requires designing a ‘new co-phasing’ component for FC precoders; such co-phasing is already present in R15 DL T1 CB
· Alt1-a and Alt1-b are similar since a subset of R15 2Tx/4Tx UL precoders is included in R15 DL T1 CB
· Alt1-a allows maximum reuse of legacy codebooks, and hence minimizes 8Tx UL codebook design efforts
· Given that the TPMI is WB, he performance difference among these alternative, if any, is likely to me marginal



[bookmark: _Ref100915810]Figure 1

Similar to the R15 DL Type I single or multi-panel codebooks, different 8Tx antenna structures can be described based on the following parameters.
·  number of antenna polarization;  for cross-pol.
·  number of antenna groups.
·  Number of antennae in 1st dimension.
·  Number of antennae in 2nd dimension.
·  oversampling factor in 1st dimension.
·  oversampling factor in 2nd dimension.
·  number of DFT vectors (common for two polarizations)

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

A few examples of the antenna structure are shown in Figure 1. The tuple  can take following values.
· FC: 
· PC: 
· NC: 

The TPMI payload for 8Tx should not be too large, in particular it should 1-2 bits more than 4Tx TPMI at the most. Hence, mechanisms to reduce TPMI payload also need to be considered. A few examples can be as follows:
·  only
· Lower oversampling factors : similar to R15 4Tx UL codebook (cf. Appendix A), the oversampling can be less (e.g. 1 or 2) than DL T1 CB (i.e. 4).

Proposal 4: regarding the 8Tx UL codebook, 
· support Alt1-a 
· reuse DL Type I codebook parameters ()
· FC: 
· PC: 
· NC: 
· Study mechanisms to reduce TPMI payload, e.g. , lower oversampling factors

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, e.g. SRI for (A) and TPMI 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). We therefore prefer to study both examples above for the UL precoding indication.

Proposal 5: study the following examples for the indication of (A) antenna group(s), and (B) UL precoding matrix,
· Ex1: two separate indicators, e.g. SRI for (A) and TPMI for (B)
· Ex2: a joint indicator, e.g. TPMI

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 2. 

[bookmark: _Ref111062430]Table 2
	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.

Proposal 6: Discussion on full power modes can be start after the 8Tx codebook is designed

1.3 Non-codebook-based transmission
For NCB based UL, the potential enhancements can include the following.
· Number of SRS resources: for 8Tx, the number of SRS resources () can be increased to up to 8
· 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 propose 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. Whether  is needs further study.
· 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)
· 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).

Proposal 7: regarding 8Tx NCB based UL transmission,
· Support number of SRS resources () up to 8
· Support both one SRS resource set and two SRS resource sets
· When , the SRI indication follows legacy (Rel.15) scheme, and 
· When , 
· Study the need for 
· study the following SRI indication schemes
· Alt1: combinatorial index scheme
· Alt2: bitmap based scheme

1.4 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 [4].

Proposal 8: 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)

1.5 Number of layers
Regarding the max number of UL layers, up to 4 layers is more important since it is likely in real deployments and UL antenna layouts. We therefore prefer to prioritize it. If the need and use cases for >4 layers can be identified, we can be considering it.

Proposal 9: regarding max number of layers
· prioritize the RAN1 work for max 4 layers
· >4 layers can be discussed, if its need and use cases can be identified

SLS results
The SLS results according to the agreed EVM in RAN1#109-e is provided in this section. The results are shown in Figure 2 for the following setting:
· 8Tx antenna layout: Alt 1-b (Ng=1, (M, N ,P)=(1,4,2)
· 8Tx codebook: Alt 1-a, i.e., Rel-15 DL Type I codebook
· 4Tx codebook: R14 4Tx UL codebook

We can observe the following.

Observation 3: when compared with the baseline (i.e. Rel-15 4Tx UL codebook), 8Tx UL codebook based on Rel-15 DL Type I codebook achieves ~11% and ~95% gain in avg. and 5% UPT


[bookmark: _Ref111076439]Figure 2


Conclusion
In this contribution, the following observations and proposals are made: 
  
Observation 1: regarding the UL transmission schemes
· CB-based UL is implemented in current deployments, hence is likely to be implemented for 8 Tx as well
· NCB based UL can be beneficial if UE-side reciprocity holds

Proposal 1: Regarding the transmission scheme for 8Tx UL operations,
· Support both CB and NCB based UL transmission
· For RAN1 work, adopt a serialized approach and prioritize CB-based discussions next 1-2 meetings

Proposal 2: consider the following aspects of 8Tx antenna layout,
· Polarization: cross-polarized
· Antenna groups:  groups 
· Antenna panels and coherence types:
· Single panel: one antenna group () and full-coherence
· Multi-panel: multiple antenna groups () and partial-/non-coherence

Proposal 3: support a single unified 8Tx codebook structure for different coherence types (i.e. FC, PC, and NC) based on antenna groups
· Antennae within a group are coherent
· Antennae across multiple groups are non-coherent

Observation 2: regarding the five alternatives on the 8Tx UL codebook design  
· Alt2-b and Alt3 are over-design and unnecessary since R15 DL T1 CB is needed for NC precoders
· Alt2-a requires designing a ‘new co-phasing’ component for FC precoders; such co-phasing is already present in R15 DL T1 CB
· Alt1-a and Alt1-b are similar since a subset of R15 2Tx/4Tx UL precoders is included in R15 DL T1 CB
· Alt1-a allows maximum reuse of legacy codebooks, and hence minimizes 8Tx UL codebook design efforts
· Given that the TPMI is WB, he performance difference among these alternative, if any, is likely to me marginal

Proposal 4: regarding the 8Tx UL codebook, 
· support Alt1-a 
· reuse DL Type I codebook parameters ()
· FC: 
· PC: 
· NC: 
· Study mechanisms to reduce TPMI payload, e.g. , lower oversampling factors

Proposal 5: study the following examples for the indication of (A) antenna group(s), and (B) UL precoding matrix,
· Ex1: two separate indicators, e.g. SRI for (A) and TPMI for (B)
· Ex2: a joint indicator, e.g. TPMI

Proposal 6: Discussion on full power modes can be start after the 8Tx codebook is designed

Proposal 7: regarding 8Tx NCB based UL transmission,
· Support number of SRS resources () up to 8
· Support both one SRS resource set and two SRS resource sets
· When , the SRI indication follows legacy (Rel.15) scheme, and 
· When , 
· Study the need for 
· study the following SRI indication schemes
· Alt1: combinatorial index scheme
· Alt2: bitmap based scheme

Proposal 8: 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 9: regarding max number of layers
· prioritize the RAN1 work for max 4 layers
· >4 layers can be discussed, if its need and use cases can be identified

Observation 3: when compared with the baseline (i.e. Rel-15 4Tx UL codebook), 8Tx UL codebook based on Rel-15 DL Type I codebook achieves ~11% and ~95% gain in avg. and 5% UPT

References
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, RAN#94-e 
[2] RAN1#109-e, Chairman’s notes
[3] RAN1#91, Chairman’s notes
[4] [bookmark: _GoBack]R1-2206817, Views on UL precoding indication for STxMP, Samsung

Appendix A: Rel. 15 4Tx UL codebook
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4-Tx	


Avg. UPT	5% UPT	1	1	8-Tx	
Avg. UPT	5% UPT	1.1108642604800234	1.9472759226713532	
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