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Introduction
In Rel-18, a work item was approved for further MIMO enhancements (WID in RP-213598 [1]), and the study and possible specification of 8 Tx UL operation is included as one of the objectives.
	6. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.



We made agreements to support 8Tx PUSCH in RAN1#110. In this contribution, we focus on the SRI and TPMI enhancements for enabling 8 Tx UL operation.
Discussions
Codebook based transmission
UE antenna configurations and reporting
In RAN1#109-e/RAN1#110/#110bis-e, we have the following agreements on antenna configurations:
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)
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Description automatically generated]
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
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Description automatically generated]
	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



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


The targeted antenna configurations are essential for codebook design, and it is critical that the gNB knows what kind of antenna configurations the UE has, or alternatively, what codebooks the UE supports, so that the proper codebook can be configured for the UE. Therefore, UE capability reporting of support of codebook(s) for full coherent, partial coherent, or non-coherent codebook is necessary, similar to the legacy systems.
In addition, for full coherency or partial coherency, there can be multiple possible codebooks that are designed for different antenna layout. This should also be reported by the UE.
Proposal 1: For the support of 8 Tx UL with codebook based transmission scheme, UE reports:
· Whether it supports full coherent, partial coherent, or non-coherent codebook.
· For a UE supporting a full-coherent or partial coherent codebook, it further reports the antenna layout.
· For a UE supporting full-coherent codebook, it reports whether it supports the codebook corresponding to (2, 2, 2) or (4, 1, 2) layout.
· Note that whether the layout is considered as (4, 1, 2) or (1, 4, 2) is not critical for the UE, because the UE may rotate the direction.
· For a UE supporting partial-coherent codebook, it reports whether it supports 2 or 4 antenna groups.
At the same time, the gNB may configure which codebook set to use, depending on UE capability. The details can be discussed after the codebook design is done.

SRS Configuration
The following was agreed in RAN1#110bis-e 
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   

It has already been agreed to support one SRS resource with up to 8 ports. Support of multiple SRS resources consisting of 8 ports collectively does not seem to bring any additional benefit.
Proposal 2: For codebook based transmission scheme with 8Tx UL, do not support the configuration of multiple SRS resources with a total of 8 ports.

For codebook based transmission, the following was agreed in RAN1#109-e/110/110bis-e for the codebook design:
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.

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
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 

Full coherent codebook
For full coherent codebook related to antenna configurations 1-a and 1-b in the agreements, two types of design are being considered: (1) use NR Rel-15 DL Type I codebook as the starting point; (2) use NR Rel-15 UL 2Tx/4Tx codebooks as the starting point. Either way can support up to 8-layer transmission, but the underlying assumptions on the antenna configurations may not be the same.
For example, for 1x4 linear array antenna layout with x-pol (configuration 1-a), Rel-15 DL Type I codebook uses length-4 DFT vectors as the orthogonal basis, which matches the linear array layout with 4 antennas equally spaced. However, if we use the Kronecker product of Rel-15 UL 2Tx and 4Tx codebooks, the orthogonal basis does not match the 4 equally spaced antennas any more.
Most evaluation results from RAN1#110bis-e showed that DL single-panel Type I codebook based design performs better or at least similar to UL 2Tx/4Tx codebook based design, when phase calibration error is not considered. However, when phase calibration error exists, this may not be the case.
Phase calibration error is indeed a concern from UE implementation point of view, as it may not be practical for the UE to do very precise phase calibration (similar to the level that can be achieved by gNB). This could potentially present an issue (i.e. performance degradation) for DL single-panel Type I codebook based design, especially for the (4, 1, 2) layout. Performance should be compared for the two options with phase calibration error.
There was also discussion on whether to support UE capabilities for both types of codebooks. Two types of codebooks require extra specification work for both codebook design itself and the TPMI indication signaling design. Generally speaking, it is always good to down-select to just a single solution, even if it may mean that there is slight performance degradation in some cases.
Proposal 3: For full coherent codebook design,
· 1st preference: down-select between using NR Rel-15 DL Type I codebook and using NR Rel-15 UL 2TX/4TX codebooks as the starting point based on performance evaluation with phase calibration error
· 2nd preference: define two UE capabilities, one to support codebook design based on NR Rel-15 DL Type I codebook, and the other to support codebook design based on NR Rel-15 UL 2TX/4TX codebooks

Partial coherent codebook
For partial coherent codebook with multiple groups of coherent antennas, UE can transmit simultaneously on the multiple antenna groups (same as in Rel-15). As discussed in RAN1#109-e, it is possible that the multiple antenna groups may be located in different places on the UE and facing different directions, which makes it necessary to have separate precoder indication for the multiple groups. 
For the codebook design with partial coherent antenna configurations, for the case of 2 antenna groups, since each antenna group has 4 Tx, the legacy codebook for 4 Tx UL can be reused for each group. The number of layers for each antenna group is implicitly embedded in the precoder matrix. Similarly for the case of 4 antenna groups, each antenna group has 2 Tx, and the legacy UL codebook for 2 Tx UL can be reused for each group.
Proposal 4: For partial coherent codebook design, each antenna group is indicated with a NR Rel-15 UL 2TX/4TX precoder, with separate TPMI provided in the DCI.

Non-coherent codebook
For non-coherent codebook, it is essentially antenna port selection, and the number of antenna ports selected correspond to the number of layers for transmission. The same mechanism as used for SRI for non-codebook based transmission can provide full flexibility in antenna port selection to support up to 8 layers. This requires 8 bits in the worst case. Compared to the number of bits needed for partial coherent or full coherent codebook, this overhead should be relatively smaller.
Proposal 5: For non-coherent codebook design, TPMI indication reuses the mechanism for SRI for non-codebook based transmission, which requires up to 8 bits.
Full power transmission
It has been agreed to study full power transmission, and the details are to be discussed after we have more clarify on the codebook design. As a high-level principle, we think it is reasonable to assume that UE has all full-rated PAs because 8 UL Tx requires advanced UE and may not have strict requirements on power consumption. This allows us to significantly simplify the design for the full power mode.
Proposal 6: For full power transmission, advanced UEs similar to a UE that supports ul-FullPwrMode-r16 in Rel-16 (with all full-rated PAs) should be assumed to simplify the design. 
Non-codebook based transmission
SRS Configuration
The following was agreed in RAN1#110bis-e regarding the SRS configuration for 8Tx non-codebook based transmission:
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.

We have agreed to support a single SRS resource set with up to 8 single-port SRS resources. We do not see any clear benefit to additionally support two or four SRS resource sets for 8Tx UL.
Proposal 7: For non-codebook based transmission scheme with 8Tx UL, do not support 2 or 4 SRS resource sets, each configured with up to 4 or 2 single-port SRS resources, respectively.

SRI indication
If we would like to provide the full flexibility for the gNB to choose any number of SRS ports (corresponding to the number of layers) out of 8 SRS ports, up to 8 bits are needed for SRI (SRS resource indicator). The existing mechanism for SRI indication can be extended to support up to 8 layers in a straightforward way.
Proposal 8: For non-codebook based transmission scheme with 8Tx UL, the existing SRI indication mechanism is extended to support up to 8 layers. 

Conclusion
In contribution, we have discussed the SRI/TPMI enhancements for 8 Tx UL, and have the following proposals:
Proposal 1: For the support of 8 Tx UL with codebook based transmission scheme, UE reports:
· Whether it supports full coherent, partial coherent, or non-coherent codebook.
· For a UE supporting a full-coherent or partial coherent codebook, it further reports the antenna layout.
· For a UE supporting full-coherent codebook, it reports whether it supports the codebook corresponding to (2, 2, 2) or (4, 1, 2) layout.
· Note that whether the layout is considered as (4, 1, 2) or (1, 4, 2) is not critical for the UE, because the UE may rotate the direction.
· For a UE supporting partial-coherent codebook, it reports whether it supports 2 or 4 antenna groups.
Proposal 2: For codebook based transmission scheme with 8Tx UL, do not support the configuration of multiple SRS resources with a total of 8 ports.
Proposal 3: For full coherent codebook design,
· 1st preference: down-select between using NR Rel-15 DL Type I codebook and using NR Rel-15 UL 2TX/4TX codebooks as the starting point based on performance evaluation with phase calibration error
· 2nd preference: define two UE capabilities, one to support codebook design based on NR Rel-15 DL Type I codebook, and the other to support codebook design based on NR Rel-15 UL 2TX/4TX codebooks
Proposal 4: For partial coherent codebook design, each antenna group is indicated with a NR Rel-15 UL 2TX/4TX precoder, with separate TPMI provided in the DCI.
Proposal 5: For non-coherent codebook design, TPMI indication reuses the mechanism for SRI for non-codebook based transmission, which requires up to 8 bits.
Proposal 6: For full power transmission, advanced UEs similar to a UE that supports ul-FullPwrMode-r16 in Rel-16 (with all full-rated PAs) should be assumed to simplify the design. 
Proposal 7: For non-codebook based transmission scheme with 8Tx UL, do not support 2 or 4 SRS resource sets, each configured with up to 4 or 2 single-port SRS resources, respectively.
Proposal 8: For non-codebook based transmission scheme with 8Tx UL, the existing SRI indication mechanism is extended to support up to 8 layers. 
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