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1 Introduction
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


In Rel-16 mTRP enhancements, the focus was mostly on PDSCH reliability enhancements, while in Rel-17 the enhancements for PDCCH, PUCCH, and PUSCH was taken to ensure that both data and control for both downlink and uplink are reliable as the overall reliability of the system. For the uplink mTRP enhancements alone, in Rel-17, the transmission schemes for PUSCH and PUCCH are TDM based solutions considering the UE capabilities in FR2. PUSCH or PUCCH is transmitted on multiple repetitions in time-domain hence making these schemes suitable for UEs that can transmit on a single panel at a time. In Rel-18, the uplink mTRP enhancements mainly consider the simultaneous transmissions with multiple UE panels in FR2.

In the multi-panel transmission case, a UE has the capability to simultaneously transmit over multiple panels. Compared to the single panel transmission case, the main benefit is the reduced latency and higher throughput. In this contribution, we discuss the precoding indication related issues for the multi-panel/multi-TRP based simultaneous transmission schemes.
2 Discussion
Similar to downlink, uplink communication can also benefit from multi-TRP deployment for improving reliability and robustness. Up to Rel-16 NR, the following schemes are supported for multi-TRP operation in downlink: SDM, FDM, and TDM. The SDM, FDM, and TDM schemes are all feasible for uplink. All these schemes require simultaneous transmission capabilities with multiple UE panels in FR2. In FR2, antenna panels with directional transmission are typically implemented instead of omni-directional antennas at UE side, one TRP may only receive UL signal from one panel of the UE. For CPE/FWA devices, the assumption may be different.A TDM-based solution requires low UE capabilities by paying extra latency and power, repetition in time domain is well performed since the uplink power is limited. SDM and FDM schemes are considered to be able to achieve a lower latency. And compared with SDM, FDM has the benefits that there’s no inter-layer interference and power boosting can be utilized, while SDM normally achieves a larger spectral efficiency. On the other hand, SDM/FDM schemes require power split and may be harmful for coverage, so power control issues need to be further studied. The real benefits would be degraded if this problem cannot be solved properly. The power control issues should be considered for both S-DCI and M-DCI solutions, e.g. PAPR issue also needs to be considered. 
Based on the above discussion, we propose to focus on SDM/FDM based schemes for uplink in R18. If PUSCH/PUCCH is transmitted in SDM/FDM scheme, multiple beams are needed to transmit to different TRPs simultaneously and each beam is associated with one TRP of the two TRPs. However, the PL RS associated with each beam is also different for each TRP. Therefore, the power of both transmissions from different panels would be different in the same OFDM symbols within a slot. 
Proposal 1: Consider both SDM and FDM schemes for the simultaneous multi-panel uplink transmission in Rel-18. Beams/TCIs/SRIs are assumed to be associated with a set of transmission layer(s)/DMRS port(s)/RBs, each corresponding to a specific TRP or a specific panel. 

Proposal 2: SFN scheme can also be considered in Rel-18.

Proposal 3: Power control enhancements to solve the coverage issue should be considered for SDM/FDM solutions. PAPR related issues should also be considered.

For PUSCH, dynamic-grant based PUSCH, configured-grant based PUSCH and Msg3/MsgA based PUSCH all needs to be enhanced under multi-TRP scenarios. The enhancements should be applicable to both codebook based UL transmission and non-codebook based UL transmission.
Proposal 4: Support the enhancement of DG-PUSCH, CG-PUSCH and Msg3/MsgA PUSCH for the simultaneous transmission.
Proposal 5: Support the enhancement for both codebook based UL transmission and non-codebook based UL transmission.

Despite similar enhancements for NC-JT considerations, coherent joint transmission (C-JT) in uplink may be feasible for multi-panel UEs, especially for CPE/FWA like devices. Coherent joint reception can be done by post processing of received signals at two TRPs.
Proposal 6: Both NC-JT and C-JT transmission schemes can be considered for the multi-panel uplink transmission.

For multi-TRP based simultaneous transmission, according to the current spec only one CW is supported and all the transmitted layers allocated to different TRPs are from one codeword. This way of resource allocation has drawbacks as lack of flexibility to adapt to the channel conditions of different panel-TRP links. When one panel -TRP link is in deep fading or blockage scenario, any retransmission has to be done via both TRPs. The Multi-DCI based approach seems to solve the problem, but obviously too much signaling overhead would degrade the benefits. For multi-panel UE, the support of 2 codewords for multi-TRP uplink operation would be more feasible and beneficial. 
Proposal 7: For total number of transmission layers up to 4, 2 codeword transmission can be considered for the multi-panel/multi-TRP based operation.
Proposal 8: The support of 2 codeword transmission can be defined as a UE optional feature.

Flexible number of transmission layers between two panels/TRPs are required for multi-TRP based SDM transmission scheme. According to current DMRS port allocation tables, at least DMRS ports allocation {0,2,3}can be added to support rank-1+rank-2 allocation of a total RANK-3 transmission. For more flexibility of other SDM schemes, more enhancements on DMRS port allocation can be considered, e.g. flexible RANK allocation for a total RANK-4 multi-TRP based transmission.
Proposal 9: DMRS port allocation related enhancements can be supported for SDM based solutions, at least {0,2,3}can be added as an entry to the UL DMRS table.

For the SRS resource allocation related issues, SDM/FDM schemes can directly follow the Rel-17 enhancements for TDM based PUSCH multi-TRP operation. SRI still can be used to indicate the UL TCI and TPMI/TRI for codebook based transmission because different precoding (TPMI) for different links are still needed, SRI can be used to indicate the UL TPMI/TRI for non-codebook based transmission. The association between the joint TCI(s) or separate UL TCI(s) with SRI needs to be further discussed and specified.

Proposal 10: For S-DCI based SDM/FDM solutions, support the same precoding indication principles for multi-panel/multi-TRP based PUSCH transmission, including
· Configuration of Two SRS resource sets with each corresponding to one panel/TRP transmission for both CB and NCB based transmissions; 
· Two SRI indication fields for the indication of SRI of each corresponding panel/TRP transmission for both CB and NCB based transmissions;
· Two TPMI indication fields for the indication of both TPMI and TRI for NCB based transmission;
· The association between unified TCI and SRI needs to be further specified;
Proposal 11: For different panels of the UE, the capability of the supported numbers of transmission layers or the maximum numbers of SRS resource ports needs to be considered for all the above configuration and indication method;

In Rel-17, transmission of different PUSCH repetitions with different UL beams / different set of transmission parameters has been supported for both Type A and Type B repetitions to enhance the reliability and diversity.
For the potential schemes to achieve the simultaneous transmissions, different types of SDM/FDM schemes considering the single RV (-a scheme) and multi-RV (-b scheme) approaches can be applied to different channel conditions. The multi-RV based solution should also be supported for the PUSCH robustness motivation, which may have a better self-decoding gain to combat the blockage in FR2. 
Proposal 12: For multi-panel/multi-TRP based PUSCH transmissions, single RV and multi-RV approaches for both SDM/FDM schemes can all be supported especially mainly for FR2 scenarios.

If multiple transmission schemes are specified for the S-DCI approach, then the indication of a specific scheme and the dynamic switching among different transmission schemes needs to be considered. The dynamic switching between single TRP and multi-TRP DCI indication field is specified in Rel-17 for the TDM based multi-TRP transmission. The codepoints can be redefined for the indication and support of the dynamic switching among S-DCI based transmission schemes.
Proposal 13: For the multiple single DCI based transmission schemes, dynamic switching among different schemes and indication of a specific scheme need to be supported for the flexibility of scheduling.

Compared to M-DCI based scheme, S-DCI based scheme can reduce the DCI overhead, but some relaxation may be needed to dynamically adapt two channel links associated to different panel/TRP. So the resource allocation for the PUSCH transmissions from two panels have two options:
1. Keep the same principle of PDSCH/PUSCH repetition based on S-DCI in Rel-16&R17 for S-DCI based transmission; Also adopt the multi-DCI based framework to achieve the flexibility of resource allocation between two TRPs.
2. Dynamically adapt to the different channel conditions associated to two panel &TRP links. As for the SDM approach, the RANK allocation between the transmissions from two panels can be unequal for both single RV and multi-RV schemes or only for single-RV scheme for simplicity. And for the FDM approach, flexible FDRA between the transmissions can also be considered for both single RV and multi-RV schemes or only for single-RV scheme for simplicity. Considering the capability of the supported transmission layers for each panel may be different, this should also be taken into account for the dynamic adaptation scheduling. 
Proposal 14: According to the resource allocation between the S-DCI based transmissions from two panels, strive for a more dynamic adaptation to different panel-TRP links. 

In Rel-16, both single-DCI based and multi-DCI based multi-TRP are specified. For single-DCI based multi-TRP, the enhancements are specific to PDSCH schemes. For multi-DCI based multi-TRP scheme, the enhancements are also applicable to PUSCH, e.g. out-of-order PUSCH associated by to a CORESETPoolIndex value. It is supported in Rel-16 that a PUSCH retransmission associated with a different CORESETPoolIndex value from that of the initial transmission. Hence, if PUSCH is not decoded successfully, it can be scheduled to transmit from or toward the other TRP. For multi-DCI based multi-PDSCH transmission, it is supported to have two separate MAC-CE’s for TCI state activation corresponding to the two CORESETPoolIndex values, and the interpretation of the TCI field in the DCI is associated of the CORESETPoolIndex value of the CORESET in which the scheduling DCI is received. These enhancements of multi-DCI based multi-PUSCH transmission are intended to increase the flexibility. However, in Rel-17, the specified multi-TRP based TDM schemes are enhanced under the single-DCI assumption, multi-DCI based PUSCH transmission was only discussed and further enhancements may be possible in Rel-18. 
Proposal 15: Study if and how multi-DCI based multi-PUSCH/PUCCH transmission can be optimized to enhance the flexibility and performance of PUSCH/PUCCH.

In addition, configured grant PUSCH is also very important for URLLC use cases, and it should be ensured that the enhancements for reliability and robustness of PUSCH are extended to the case of configured grant for both Type 1 and Type 2. 
Proposal 16: Enhancements for reliability and robustness of PUSCH should be extended to the case of configured grant both Type 1 and Type 2. 

Proposal 17: Hybrid transmissions like SDM+TDM, or FDM+TDM, can be naturally considered and supported to enhance the reliability in certain scenarios for multi-panel UEs. 

For S-DCI based PUCCH enhancements on simultaneous transmission, there still can be two approaches needed discussion despite the method specified for TDM based solution in Rel-17:
· Alt.1: Use of the same PUCCH resource 
· Alt.2: Use of different PUCCH resource for the same UCI of PUCCH transmission 
Compared to alt.1, alt.2 provides more flexibility for resource allocation, and the two PUCCH resources can be from the same PUCCH group or different PUCCH groups.
Proposal 18: For S-DCI based PUCCH transmission, two options can be considered for the SDM/FDM joint transmission:
· Alt.1: Use of the same PUCCH resource 
· Alt.2: Use of different PUCCH resource for the same UCI of PUCCH transmission 


3	Conclusion
In this contribution, we provide our views of the enhancements on the precoding indication related issues for multi-panel/multi-TRP uplink transmissions, our proposals are as follows:
Proposal 1: Consider both SDM and FDM schemes for the simultaneous multi-panel uplink transmission in Rel-18. Beams/TCIs/SRIs are assumed to be associated with a set of transmission layer(s)/DMRS port(s)/RBs, each corresponding to a specific TRP or a specific panel. 

Proposal 2: SFN scheme can also be considered in Rel-18.

Proposal 3: Power control enhancements to solve the coverage issue should be considered for SDM/FDM solutions. PAPR related issues should also be considered.

Proposal 4: Support the enhancement of DG-PUSCH, CG-PUSCH and Msg3/MsgA PUSCH for the simultaneous transmission.
Proposal 5: Support the enhancement for both codebook based UL transmission and non-codebook based UL transmission.

Proposal 6: Both NC-JT and C-JT transmission schemes can be considered for the multi-panel uplink transmissions.
Proposal 7: For total number of transmission layers up to 4, 2 codeword transmission can be considered for the multi-panel/multi-TRP based operation.
Proposal 8: The support of 2 codeword transmission can be defined as a UE optional feature.

Proposal 9: DMRS port allocation related enhancements can be supported for SDM based solutions, at least {0,2,3}can be added as an entry to the UL DMRS table.

Proposal 10: For S-DCI based SDM/FDM solutions, support the same precoding indication principles for multi-panel/multi-TRP based PUSCH transmission, including
· Configuration of Two SRS resource sets with each corresponding to one panel/TRP transmission for both CB and NCB based transmissions; 
· Two SRI indication fields for the indication of SRI of each corresponding panel/TRP transmission for both CB and NCB based transmissions;
· Two TPMI indication fields for the indication of both TPMI and TRI for NCB based transmission;
· The association between unified TCI and SRI needs to be further specified;
Proposal 11: For different panels of the UE, the capability of the supported numbers of transmission layers or the maximum numbers of SRS resource ports needs to be considered for all the above configuration and indication method;

Proposal 12: For multi-panel/multi-TRP based PUSCH transmissions, single RV and multi-RV approaches for both SDM/FDM schemes can all be supported especially mainly for FR2 scenarios.

Proposal 13: For the multiple single DCI based transmission schemes, dynamic switching among different schemes and indication of a specific scheme need to be supported for the flexibility of scheduling.

Proposal 14: According to the resource allocation between the S-DCI based transmissions from two panels, strive for a more dynamic adaptation to different panel-TRP links. 

Proposal 15: Study if and how multi-DCI based multi-PUSCH/PUCCH transmission can be optimized to enhance the flexibility and performance of PUSCH/PUCCH.

Proposal 16: Enhancements for reliability and robustness of PUSCH should be extended to the case of configured grant both Type 1 and Type 2. 

Proposal 17: Hybrid transmissions like SDM+TDM, or FDM+TDM, can be naturally considered and supported to enhance the reliability in certain scenarios for multi-panel UEs. 

Proposal 18: For S-DCI based PUCCH transmission, two options can be considered for the SDM/FDM joint transmission:
· Alt.1: Use of the same PUCCH resource 
· Alt.2: Use of different PUCCH resource for the same UCI of PUCCH transmission 
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