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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.



This is in comparison to the 4 Tx UL operation that is supported so far. In this contribution, we focus on the SRI and TPMI enhancements for enabling 8 Tx UL operation.
Antenna Architecture and Transmit Schemes
The first step of the study should be to assess the performance gain of 8 Tx compared to 4 Tx. Among all the evaluation assumptions, one of the important aspects is the antenna architecture/configuration for 8 Tx. This can directly impact the performance, and it also serves as the basis for the 8 Tx codebook design.
It is clear that, to accommodate 8 Tx, large form factors are necessary, which is why we are targeting CPE/FWA/vehicle/industrial devices as listed in the WID. The question is how the 8 Tx are placed and what coherence assumptions can be assumed.
Following the antenna architecture assumption for the existing 4 Tx UL design, we think at least both full coherent and partial coherent antenna configurations should be considered. The proposed baseline configurations to be considered are provided in Figure 1. It includes:
· Full coherent
· N1 = 4, N2 = 1, x-pol
· The basic case would be that there is equal spacing between the antennas. But there could be variations with uneven distance between antennas. For example, with two groups of antennas, the distance between the two groups is larger than the distance within a group.
· N1 = N2 = 2, x-pol
· Partial coherent
· Two panels, each with N1 = 2 and N2 = 1 with x-pol. No coherence is assumed between the two panels.
· Four panels, each with N1 = N2 = 1 with x-pol. No coherence is assumed between any of the panels.
Regarding non-coherent antenna configurations, it can be further discussed whether such a case is realistic/practical for the targeted devices with 8 Tx given the large form factors.
As already evident in Figure 1, if cross-pol antenna configurations are assumed, codebook design from NR DL/UL in previous releases can be used as a starting point. If single polarization (e.g. vertical polarization) should be assumed for CPE or vehicle UE, then design from previous releases won’t be readily leveraged. It should be important to build a common understanding on CPE/vehicle UE/industrial devices’ antenna configurations in the first few meetings, to facilitate smooth discussion.
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Figure 1 Proposed baseline antenna configurations for 8 Tx UL
Proposal 1: Consider at least full coherent and partial coherent antenna configurations, and use the antenna configurations in Figure 1 as the baseline.
· FFS non-coherent antenna configurations
Codebook-based and non-codebook-based transmission schemes are currently supported for PUSCH. It makes sense to consider both schemes for 8 Tx UL operations.
Proposal 2: Consider both codebook based and non-codebook based UL transmission schemes for 8 Tx UL operation.
Potential Specification Impact
Codebook based transmission
For codebook based transmission, it is essentially codebook design for 8 Tx and the corresponding TPMI signaling enhancements.
One of the questions could be whether we support subband precoder for 8 Tx UL. It is our understanding that this issue was discussed during the WID scoping discussion. In the end it was not agreed to be included in the WID, which implies that subband precoder is out of the scope of this WI. This also makes sense considering the significant overhead that may result from subband precoder, if we assume it is dynamically carried in the DCI.
Observation: Subband precoder for 8 Tx UL is out of the WI scope.
For full coherent antenna configurations shown in Figure 1(a), assuming equal distance between antennas, one possible approach is to borrow the DL codebook design for 8 Tx. The most relevant one is the DL Type I single-panel codebook. If we further consider the possible non-even distance between antennas for the 1st antenna configuration for full coherent case in Figure 1, with spacing between panels being reasonably small, which is our current assumption, DL Type I multi-panel codebook can be considered as a reference design. Of course, it is possible that other cases can be exhibited, e.g., with a large spacing between panels. Whether such cases are typical for intended use cases should be settled first before embarking on its design.
Proposal 3: For codebook based transmission scheme with full coherent antenna configuration, use the DL Type I codebook design for 8 Tx as the starting point for 8 Tx UL.
For partial coherent antenna configurations, the default assumption should be that the UE can transmit simultaneously on the multiple panels (same as in Rel-15). Considering the targeted use cases, it is possible that the multiple panels may be located in different places on the UE and facing different directions, which makes it necessary to have separate beam indication for the multiple panels. If we consider separate beam indication, this has a lot of similarities/overlapping with the other agenda on simultaneous multi-panel UL transmission. It would be good to clarify where we should discuss this issue if it is to be considered.
Proposal 4: If separate beam indication is to be considered for the partial coherent antenna configurations, clarify whether this should be further discussed in this AI or merged into the AI on simultaneous multi-panel UL transmission.
For the codebook design with partial coherent antenna configurations, since each panel has <= 4 Tx, the legacy codebook for 4 Tx UL can be potentially reused for each panel. Of course further considerations are needed in the handling of multiple panels.
Proposal 5: For codebook based transmission with partial coherent antenna configuration, use the legacy codebook for 4 Tx UL as the starting point for the per-panel precoding.
There is also the question on the support of full power mode. Given that 8 UL Tx requires advanced UE, it could be reasonable to assume that UE has all full-rated PAs, which can allow us to simplify the design for the full power mode.
Proposal 6: If full power mode is to be considered, 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
For non-codebook based transmission, for 8 Tx UL, a straightforward extension is to increase the maximum number of SRS resources in the set with the usage of value ‘noncodebook’ to be 8 (corresponding to 8 Tx). 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). However, this may be considered too much, and further overhead reduction schemes can be considered.
Proposal 7: For non-codebook based transmission, consider SRI enhancements to support up to 8 layers. Potential overhead reduction for SRI field can be considered.

Conclusion
In contribution, we have discussed the SRI/TPMI enhancements for 8 Tx UL, and have the following proposals:
Proposal 1: Consider at least full coherent and partial coherent antenna configurations, and use the antenna configurations in Figure 1 as the baseline.
· FFS non-coherent antenna configurations
Proposal 2: Consider both codebook based and non-codebook based UL transmission schemes for 8 Tx UL operation.
Observation: Subband precoder for 8 Tx UL is out of the WI scope.
Proposal 3: For codebook based transmission scheme with full coherent antenna configuration, use the DL Type I codebook design for 8 Tx as the starting point for 8 Tx UL.
Proposal 4: If separate beam indication is to be considered for the partial coherent antenna configurations, clarify whether this should be further discussed in this AI or merged into the AI on simultaneous multi-panel UL transmission.
Proposal 5: For codebook based transmission with partial coherent antenna configuration, use the legacy codebook for 4 Tx UL as the starting point for the per-panel precoding.
Proposal 6: If full power mode is to be considered, 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, consider SRI enhancements to support up to 8 layers. Potential overhead reduction for SRI field can be considered.
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