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Introduction
In RANP#94e meeting, a new WID on the evolution of MIMO for both downlink and uplink had been established in [1]. In this WID, many topics had been specified for further performance enhancements. Among them, one of the UL transmission enhancements on DMRS, SRS, SRI, and TPMI (including codebook) was captured as below within RAN1’s working scope.
	· 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.


In this contribution, we would like to present our views on TPMI enhancements for MIMO uplink transmissions.
MIMO UL enhancement
In the legacy of NR MIMO [2], up to single layer and 4 Tx is support for UL transmission with DFT-s-OFDM wave, and up to 4 layers and 4 Tx is support for UL transmission with CP-OFDM wave. As advanced UEs (e.g. CPE, FWA, vehicle, industrial devices) become more relevant, requirements on the improvement for UL coverage and average throughput emerge. Thus, necessary enhancements on supporting 8 antenna ports as well as 4 and more layers for UL transmission are needed. Aiming at this, UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements are considered in Rel-18. In this section, we intend to discuss one of the topics on TPMI enhancements.
TPMI indication enhancement 
In legacy specifications, UL transmission is classified into codebook based and non-codebook based transmission. For codebook based UL transmission, the transmission precoder is indicated by TPMI field in UL grant DCI. Referring to the design of DL precoder, two types with CSI codebook type I and type II were specified to cope with different performance requirements. Compared to CSI type I codebook, CSI type II codebook can improve the throughput largely. The reason is that finer precoding indication in type II codebook can generate more accurate precoder mapping to the actual DL channel. Inspired by the benefits of type II codebook over type I in DL, we consider a similar extension of UL precoder to an enhanced UL precoder with more accuracy to the actual UL channel for UL performance enhancement. The enhanced UL precoder can be indicated by enhanced TPMI indication with finer precoding information, and the whole procedures of this scheme are described as following:
Instead of legacy TPMI indication with up to 6 bits in DCI, gNB/TRP can use a larger payload of TPMI field in UL grant DCI to indicate finer precoding information to UE for final UL precoder generation, which is shown in Figure 1. The enhanced TPMI field could contain multiple candidate basis precoders, amplitude scaling vector and phase coefficient vector. After receiving the enhanced TPMI indication, a linear combination of the candidate basis precoders will be generated by UE to form the final UL precoder for transmission as shown in Figure. 2.
Additionally, besides the legacy codebook based UL transmission, where UL precoder is decided by gNB and indicate to UE directly. For scalability, introducing UL precoder decision by UE referring to TPMI indication from gNB as an option can also be considered. 

[image: ]
Figure 1. Enhanced TPMI indication
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Figure 2. Linear combination of candidate precoders

In following, we show some simulations on the performance of proposed enhanced TPMI indication scheme. Since there is no UL precoder supporting UL transmission with 8Tx in current specifications, we assume the TRP antenna with , UE antenna with , and cell radius at 500m for simulation. The performance of received SNR on both conventional TPMI scheme and proposed enhanced TPMI scheme are shown in Figure. 3. 
It can be observed from Figure 3 that, the enhanced TPMI scheme can achieve average about 1.25 dBm power gain over conventional TPMI scheme.
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Figure 3. Performance comparison of enhanced TPMI and conventional TPMI schemes

Observation 1 : Enhanced TPMI scheme can achieve about 1.25 dBm power gain over conventional TPMI scheme for TRP antenna with  and UE antenna with .
Proposal 1 : Enhanced TPMI indication with finer precoding information can be considered for UE UL transmission enhancements.
Multi TRP scenario
For multi TRP scenario, the enhanced TPMI indication and UL precoder determination in previous section for single TRP scenario can be easily extended. In Figure 4, separate enhanced TPMIs corresponding to separate TRP are indicated, consequently, separate UL precoder to separate TRP are generated with linear combination of candidate basis precoders.
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Figure 4. TPMI enhancement for multi TRP scenario

Observation 2 : TPMI indication enhancement with finer precoding information can be easily extended to multi TRP scenario. 
Proposal 2 : Enhanced TPMI indication with finer precoding information can also be considered for UE UL transmission enhancements in multi TRP scenario.
[bookmark: _Hlk68181041]
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1 : Enhanced TPMI indication with finer precoding information can be considered for UE UL transmission enhancements.
Proposal 2 : Enhanced TPMI indication with finer precoding information can also be considered for UE UL transmission enhancements in multi TRP scenario.
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