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Introduction
In 3GPP RAN#94-e meeting, a new work item on MIMO evolution for downlink and uplink has been approved in [1]. As shown in below, the enhancement on simultaneous UL transmission across multi-panel to MTRP operation (STxUL to MTRP) is one of the objectives for this WI:
	6. 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 this contribution, we present our initial views on UL precoding indication for multi-panel transmission.

Overview of working assumption
Overall, we think it is indeed worthwhile to introduce simultaneous UL transmission across multi-panel to MTRP since supporting this functionality helps to further improve efficiency and reduce latency for UL MIMO evolution in 5G-Advanced. More precisely, for reliability improvement, two UL transmissions or repetitions with one same CW can be transmitted to two different TRPs with different beams over the same carrier in FR2. For throughput improvement, the UE can be scheduled to send two UL transmissions with different contents using the same channel type through different beams from multiple UE panels. Some related initial evaluation was provided in our previous contribution in [2].
Observation 1: Regarding simultaneous UL transmission across multi-panel to MTRP, it can be observed that the support of this transmission mode can significantly bring the performance benefits for both of throughput and reliability.
Literally, objective 6 aims to exploit two main features of STxMP to MTRP, including UL precoding indication and UL beam indication. Accordingly, this agenda item (AI 9.4.1.1) is explicitly intended to the former, and the latter will be discussed in AI 9.1.1.1. For the sake of progress, we think the following aspects need to be considered for UL precoding indication for STxMP in MTRP:
· Determine potential transmission scheme for STxUL to MTRP
In Rel-16&17, the features of both DL and UL channels (incl. PDSCH/PDCCH/PUCCH/ PUSCH) have been specified by RAN1 to enable MTRP operation, but such features are only applicable to strict TDM scheme due to the assumption of UE implementation limitation (i.e. not supporting simultaneous UL transmission). Given the sense of the previous evolution on MTPR related enhancement, transmission scheme of each dedicated channel in MTRP operation was discussed and identified at the very beginning in each release. Likewise, we think transmission scheme for STxMP to MTRP in Rel-18 should be determined at first and working on this aspect early may help to make better progress in RAN1. In other words, from the perspective of progress, it would be premature and inefficient if rushing into the discussion of precoding indication for multi-panel transmission directly at the early stage. Besides, according to the statement of WID, it should be noticed that the identification of transmission scheme may affect all discussions involved in STxUL to MTRP in Rel-18, i.e. AI 9.1.1.1 and AI 9.1.1.2.
· Further study UL precoding indication of target transmission scheme
With regards to the aspect of UL precoding indication, naturally, it should be customized to the specific transmission scheme. Besides, it is intuitive that precoding indication is only involved in the scenario of simultaneous PUSCH transmission. Even though the transmission scheme is pending as of now, the spec impact related to this feature can be foreseen. 
· For single DCI based STxUL to MTRP scheme, given that several second indication fields (i.e. SRI, TPMI, TPC, PTRS-DMRS association, OLPC set indication) have been introduced in DCI for single DCI based MTRP PUSCH repetition scheme in Rel-17, we think such additional fields can be considered for per TRP indication of single DCI based STxUL to MTRP scheme in Rel-18 to ease the spec effort.
· For multi-DCI based STxUL to MTRP scheme, note that multi-DCI based MTRP PUSCH scheme (except for the simultaneous mode) was supported in Rel-16 by associating the PUSCH with the CORESETPoolIndex value of DCI and the precoder of each PUSCH is indicated by its own DCI, hence the similar framework can be referred to reduce the spec effort.
· Further investigate other required issues of STxMP to MTRP
Note that the major issues of the enhancement on STxUL to MTRP in Rel-18, i.e. beam indication, precoding indication, power control and TA, have been captured by the current WID, however, some other key issues may be omitted and also need to be addressed. E.g., for PUSCH, the details at least include beam mapping, RV mapping, frequency hopping, PTRS-DMRS association, CSI multiplexing, etc. For PUCCH, the details at least include beam mapping, PUCCH formats, PUCCH resource, default beam, etc. Similar to the discussion of precoding indication, such required issues can be further studied once the transmission scheme of STxUL to MTRP is determined.
In light of the above, transmission scheme of STxUL to MTRP should be identified at first in Rel-18. Otherwise, the progress will be negatively affected.
Observation 2: For the sake of progress on objective 6, RAN1 shall identify and determine the potential transmission scheme of STxUL to MTRP at the beginning of Rel-18.

Transmission scheme of STxUL to MTRP
Given the statement of the WID that simultaneous UL transmission across multi-panel in MTRP is mainly devoted to fulfill higher UL reliability and throughput in Rel-18, we separately discuss the the potential transmission schemes of these two enhancements. Further, we will analyze the performance of different transmission schemes in the following sub-clauses.
For UL reliability
Regarding the transmission scheme for facilitating higher UL reliability, it is natural to consider repetition related scheme for this enhancement, where the advanced UE capability of simultaneous UL transmission should be taken into account. Besides, it is worth noting that compatible design between PUSCH and PUCCH could facilitate the corresponding transmitter implementation. Hence we firstly discuss transmission scheme for PUSCH and then discuss the case of PUCCH in each scheme. Accordingly, several transmission schemes can be considered as follows:
i. Single DCI based MTRP PUSCH/PUCCH via SDM(SFN) scheme
For single DCI based MTRP PUSCH transmission via SDM scheme, PUSCH is scheduled by a single DCI and to be transmitted with two beams of different layers but within the same time and frequency resource allocation. As shown in figure 1, two (or two sets of) layers of PUSCH with two beams are transmitted from two UE panels towards two TRPs. In addition, we think SFN based MTRP PUSCH can be considered equally.
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a) SDM scheme                     	     	                 b) SFN scheme
Fig. 1	Single DCI based MTRP PUSCH via SDM(SFN) scheme
For single DCI based MTRP PUCCH transmission via SDM scheme, this framework can be reused in principle and some further assessments may be needed subsequently. For example, due to there is no multi-layer scheme and different RV for PUCCH transmission, SDM based MTRP PUCCH scheme needs to be redefined as: one transmission occasion is one PUCCH with single DMRS port associated with two beams, where data transmission of PUCCH reuse legacy design and PUCCH DMRS can be QCLed with two source RSs.
With regards to the benefit of this scheme for simultaneous PUSCH/PUSCH repetition, besides reliability enhancement, the most advantage of this scheme is high spectral efficiency by SDMed multiplexing, and it is intuitive that this scheme may have low spec impact when compared to other schemes.
Observation 3: For higher UL reliability through simultaneous UL transmission in Rel-18, single DCI based MTRP PUSCH/PUCCH via SDM(SFN) scheme can be provided with higher spectral efficiency as well as less specification impact when compared to other schemes.
ii. Single DCI based MTRP PUSCH/PUCCH via FDM scheme
For single DCI based MTRP PUSCH transmission via FDM scheme, PUSCH is scheduled by a single DCI and to be transmitted with two beams of different frequency domain but within the same time domain. As shown in figure 2, two frequency domain resource allocations of PUSCH with two beams are transmitted from two UE panels and towards two TRPs. Similar to FDM-A scheme (by division) and FDM-B scheme (by repetitions) of MTRP PDSCH repetition in Rel-16, these two sub-schemes can be recommended to FDM based MTRP PUSCH in Rel-18 naturally. Moreover, the definition and approach on frequency domain resource allocation of PUSCH can be FFS.
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a) FDM-A scheme                                           b) FDM-B scheme
Fig. 2	Single DCI based MTRP PUSCH via FDM scheme
For single DCI based MTRP PUCCH transmission via FDM scheme, the framework of these two sub-schemes can be reused. Some details can be further discussed.
Certainly, for simultaneous PUSCH/PUSCH repetition, this scheme can be beneficial to reliability enhancement as well. Compared with SDM scheme, the most advantage of this scheme is that there is no inter-layer transmission interference due to FDMed multiplexing. Besides, it provides more flexibility of transmission scheme for UE implementation as well as NW scheduling.
Observation 4: For higher UL reliability through simultaneous UL transmission in Rel-18, single DCI based MTRP PUSCH via FDM (incl. FDM-A and FDM-B) scheme can be provided with very low inter-layer transmission interference and flexibility of transmission schemes for UE implementation and NW scheduling.
iii. Multi-DCI based MTRP PUSCH/PUCCH repetition scheme
For multi-DCI based MTRP PUSCH repetition scheme, two repetitions of PUSCH are scheduled by two different DCIs and configured with different beams, where these two PUSCH can be fully or partially overlapped within time and/or frequency domain. As shown in figure 3, two PUSCH repetitions with its individual beams are transmitted from two UE panels towards two TRPs. 
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Fig. 3	Multi-DCI based MTRP PUSCH repetition scheme
For multi-DCI based MTRP PUCCH repetition scheme, the framework can be shared smoothly because of two individual DCI scheduling.
The most advantage of this scheme is that the reliability of PDCCH can be enhanced besides PUSCH. One main issue is how to distinguish the TRP that PUSCH repetition towards, and then the association of the dynamic PUSCH with CORESETPoolIndex value in MDCI based MTRP PUSCH scheme in Rel-16 can be referenced. That is, the UE can distinguish the TRP for the PUSCH repetition through the CORESETPoolIndex value of the CORESET in which the UL DCI is detected and different from the PUSCH of the initial transmission. Based on this, it can be inferred that the specification impact of this scheme will not be too huge.
Observation 5: For higher UL reliability through simultaneous UL transmission in Rel-18, multi-DCI based MTRP PUSCH repetition scheme can enhance PDCCH reliability additionally and would not cause too much specification impact.
According to the analysis above, all of these transmission schemes can be considered and supported in Rel-18 to fulfill higher PUSCH reliability. Although multiple transmission schemes are raised for this enhancement, the total spec effort will not be too much from technical perspective. For single DCI based simultaneous UL repetition (incl. SDM and FDM schemes), as we elaborated in section 2.2, such additional fields can be reused for single DCI based SDM/FDM scheme in Rel-18 to ease the spec effort. For multi-DCI based simultaneous UL repetition, as we elaborate in transmission scheme iii, its spec effort won’t be much. In light of the above, we propose:
Proposal 1: For higher UL reliability via simultaneous UL transmission in Rel-18, support of the following transmission schemes for PUSCH/PUCCH enhancements:
· Single DCI based MTRP PUSCH/PUCCH via SDM(SFN) scheme
· Single DCI based MTRP PUSCH/PUCCH via FDM scheme
· Multi-DCI based MTRP PUSCH/PUCCH repetition scheme

For UL throughput
Regarding the transmission scheme for higher UL throughput in Rel-18, in general, it can be fulfilled by transmitting two different PUSCH/PUCCH through two beams. Especially, the combination of two simultaneous UL transmission can only be PUSCH+PUSCH or PUCCH+PUCCH in case of multi-DCI based scheduling. Consequently, several transmission schemes can be considered as follows:
i. Multi-DCI based MTRP PUSCH transmission scheme
For multi-DCI based MTRP PUSCH transmission scheme, two PUSCHs are scheduled by two different DCIs and configured with different beams, where these two PUSCH can be fully or partially overlapped within time and/or frequency domain. As shown in figure 4, two PUSCHs with different beams are transmitted from two UE panels and towards two TRPs. 
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Fig. 4	Multi-DCI based MTRP PUSCH simultaneous transmission scheme
Actually, in Rel-16, MDCI based MTRP PUSCH transmission has already supported with the association between the scheduled PUSCH and its CORESETPoolIndex value, but it is restricted to non-overlapping in time domain due to the UE implementation limitation. For simultaneous UL transmission in Rel-18, the allowance of overlapping in time domain between two PUSCHs is the only spec impact we could foresee. In other words, it can be easy to support this scheme from the perspective of spec effort. Meanwhile, it can be noted that this scheme is very close to MDCI based MTRP PUSCH repetition for higher UL reliability. The main differentiation is that whether two DCIs need to be linked, which is somehow similar to MTRP PDCCH repetition in Rel-17.
Observation 6: For higher UL reliability through simultaneous UL transmission in Rel-18, multi-DCI based MTRP PUSCH repetition scheme can fulfill this enhancement with little spec impact.
ii. Multi-DCI based MTRP PUCCH transmission scheme
For multi-DCI based MTRP PUCCH transmission scheme, two PUCCHs with different contents are scheduled by two different DCIs and configured with different beams, where these two PUCCHs can be fully or partially overlapped within time and/or frequency domain. As shown in figure 5, two PUSCHs with different beams are transmitted from two UE panels and towards two TRPs. 
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Fig. 5	Multi-DCI based MTRP PUCCH simultaneous transmission scheme
Likewise, due to MDCI based MTRP PUCCH without overlapping in time domain has already been supported in Rel-16, the spec impact of this scheme will be very small. Besides, given that only UCI report of HARQ-ACK feedback was supported by MDCI based MTRP PUCCH because of very limited time budget for discussion in Rel-16, it is beneficial to support all types of UCI report, i.e. HARQ-ACK, SR, CSI and LLR, to avoid unnecessary channel dropping or UCI multiplexing by simultaneous UL transmission in Rel-18. Hence, this scheme can provide more flexibility by supporting different combinations of UCI reporting when compared with MDCI based MTRP PUCCH in Rel-16.
Observation 7: For higher UL reliability through simultaneous UL transmission in Rel-18, multi-DCI based MTRP PUCCH repetition scheme can fulfill this enhancement with little spec impact and provide more flexibility by supporting different combinations of UCI reporting.
iii. Single DCI based MTRP PUSCH with 2 CWs via SDM scheme
For single DCI based MTRP PUSCH with 2 CWs via SDM scheme, one PUSCH with 2 CWs is scheduled by a single DCI and to be transmitted with two beams of different layers but within the same time and frequency resource allocation. Where, the indicated parameters (e.g., MCS, SRI, TPMI, etc.) of two CWs can be different. As shown in figure 6, two (or two sets of) layers of two CWs with two beams are transmitted from two UE panels and towards two TRPs.
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Fig. 6	Single DCI based MTRP PUSCH with 2 CWs via SDM scheme
Based on our previous real-field test results, the receiving power gap between two UL MIMO layers is often larger than 10 dB, and the constellation demapping of the layer with higher receiving power is significantly better than the layer with lower receiving power [3]. Hence it is intuitive that this scheme will be very beneficial to real deployment in future, since flexible MCS can be indicated individually to different layers in some cases when SINR difference for two layers are quite large. To observe the performance gains of single DCI based MTRP PUSCH with 2 CWs via SDM scheme in Rel-18, we provide preliminary evaluations and also explore the key factor of SDM based STxUL to MTRP in section 6.
Observation 8: For higher UL reliability through simultaneous UL transmission in Rel-18, single DCI based MTRP PUSCH with 2 CWs via SDM scheme can fulfill this enhancement and can be very beneficial and suitable to real deployment.
According to the analysis above, we think all of these transmission schemes can be considered and supported in Rel-18 to fulfill higher PUSCH throughput. For both multi-DCI based PUSCH and PUCCH simultaneous transmission schemes, only minor spec effort is anticipated. For single DCI based MTRP PUSCH with 2 CWs via SDM scheme, its spec effort is closed to single DCI based MTRP PUSCH via SDM (SFN) scheme. Totally, it is clear that support of these transmission schemes would not cause too much spec efforts. Therefore, we propose:
Proposal 2: For higher UL throughput via simultaneous UL transmission in Rel-18, support of the following transmission schemes for PUSCH/PUCCH enhancements:
· Multi-DCI based MTRP PUSCH transmission scheme
· Multi-DCI based MTRP PUCCH transmission scheme
· Single DCI based MTRP PUSCH with 2 CWs via SDM scheme

UL precoding indication for STxUL to MTRP
As we elaborated above, it will be helpful to postpone the discussion of UL precoding indication until the transmission scheme of STxUL to MTRP is determined. However, the preliminary assessment of its spec effort could be discussed at this stage, which would help clarify the way forward of this agenda item.
In general, it is common sense that UL precoding indication aims for PUSCH transmission only, where both CB and NCB schemes should be taken into account. On CB based PUSCH transmission, the determination of precoder depends on the approach of TPMI indication. In comparison, NCB based PUSCH transmission is relevant to the approach of SRI indication. Consequently, the work of UL precoding indication settles on the method of TPMI indication and SRI indication, respectively. When it comes to MTRP operation, per TRP indication is always required to accomplish this work. Given that per TRP TPMI/SRI indication is distinct from the scheduling modes in Rel-16/17, i.e. SDCI and MDCI, the similar idea can be referred to STxUL to MTRP in Rel-18. Therefore, we assess the spec efforts of UL precoding indication for STxUL to MTRP from the perspective of scheduling modes as follows.
· For the case of single DCI based STxUL to MTRP scheme, the main issue is how to design DCI field to indicate two precoders simultaneously. Note that the functionality of two TPMI fields has been introduced for single DCI based MTRP PUSCH repetition via TDM scheme in Rel-17, reusing the fundamental of such mechanism can be possible for indicating the precoder(s) of single DCI based STxUL to MTRP scheme in Rel-18. In this way, the spec effort of single DCI based STxUL to MTRP scheme can be sufficiently eased.
· For the case of multi-DCI based STxUL to MTRP scheme, its precoding indication has already been supported by the current specification. Hence the precoder of each PUSCH can be naturally indicated by its corresponding DCI, and the association between the PUSCH and its DCI can be identified by the value of CORESETPoolIndex which represents the term of TRP when MDCI based MTRP operation. Based on that, it is intuitive that the spec effort of multi-DCI based STxUL to MTRP scheme will be quite small. To be more specific, the remaining issue will be whether/how to interpret the TPMI/SRI field (to indicate precoder of PUSCH) as the function of the CORESETPoolIndex of the CORESET in which the UL DCI is detected. 
According to the above assessment, we propose that:
Proposal 3: RAN1 could refer to the existing mechanism of per TRP precoding indication in Rel-16/17 to ease the spec effort of precoding indication for STxUL to MTRP in Rel-18, and it can be considered from the perspective of scheduling modes as follows:
· For the case of single DCI based STxUL to MTRP scheme, the usage of two TPMI fields introduced for single DCI based MTRP PUSCH repetition via TDM scheme in Rel-17 can be referred.
· For the case of nulti-DCI based STxUL to MTRP scheme, the approach of multi-DCI based MTRP PUSCH scheme in Rel-16 can be referred.

UCI dropping/multiplexing related enhancement
Regarding the enhancement on UL throughput in Rel-18, one important use case is to transmit two different UCI reports to avoid unnecessary contents dropping or UCI multiplexing.
In Rel-15, the types of UCI can be HARQ ACK/NACK feedback, SR and CSI reporting, these three elements are combined in various ways and can be reported in either PUCCH or PUSCH, i.e. HARQ ACK/NACK only, SR only, CSI only, HARQ ACK/NACK + SR, HARQ ACK/NACK + CSI, CSI +SR, HARQ ACK/NACK + SR + CSI. However, several restriction rules of the combinations are specified to guarantee the capability of the single-panel UE, such as the dropping rules made by UCI report with different priorities, UCI report with different types, UCI report omitting, UCI multiplexing on PUSCH, etc. In Rel-16, although MDCI based MTRP PUSCH/PUCCH transmission scheme were supported, the certain aspects of these two transmission schemes were not optimized, e.g., only separate/joint feedback of HARQ ACK/NACK have been supported.
In Rel-18, RAN1 can further study whether/how to utilize the advanced capability of multi-panel UE to enhance the UL throughput of UCI report, and it can be very beneficial to reduce the latency of UL transmission. Meanwhile, it is worth noting that the work of the corresponding spec change should be taken very careful, because in the current specifications, the description of UCI dropping/multiplexing rules is extremely complex when getting into the details.
Proposal 4: RAN1 shall further study whether/how to utilize the advanced capability of multi-panel UE to enhance the UL throughput of UCI report.

Evaluation on the key factor of SDM based STxUL to MTRP
In this section, we perform system-level simulation to evaluate the performance of 1 CW and 2 CWs in the case of single DCI based STxUL to MTRP via SDM scheme comparing Rel-15 legacy STRP operation. Here, the individual and flexible MCS indication for two TRPs is dedicated to the case of 2CW of single DCI based STxUL to MTRP via SDM scheme. In contrast to the case of 1 CW, one shared MCS is used for two TRPs. Especially, average receiving power gap between TRPs is set to 10 dB as the real-filed test [3]. Besides, the detailed simulation parameters can be found in our contribution of AI 9.1.5 [4].
[bookmark: _GoBack]As listed in Table 1, the results show that the throughput performance gain of 1 CW and 2 CWs in the case of single DCI based STxUL to MTRP via SDM scheme. Generally, it can be seen that both 1 CW case and 2 CW case for SDM MTRP can broadly provide higher throughput than STRP operation, especially for 95%-ile UE which obtain sufficient UPT gain with > 45% in 1 CW case and > 50% in 2 CW when RU ~25%. Hence it can be informed that single DCI based STxUL to MTRP via SDM scheme could improve UL throughput when comparing STRP operation. On the other hand, it can be observed that 1 CW case for SDM MTRP does not outperform that of STRP when 5%-ile UE and 50%-ile UE (as highlight in red in this table), but not in 2 CW case for SDM MTRP. By comparing each item in detail, 2 CW case for SDM MTRP can always performs better than STRP and 1 CW case for SDM MTRP. That is because more flexible MCS indication for two layers can better match the channel condition of respective TRPs. Therefore, it can be observed that it is very essential to support 2 CW for SDM based STxUL to MTRP transmission scheme in Rel-18. In other word, whether to support 2 CW is the key factor of the performance of SDM based STxUL to MTRP transmission.
Table 1  UPT performance of STxUL to MTRP when indoor hotspot, and with 10dB average receiving power gap between two TRPs
	RU
	Transmission scheme
	Mean UE
	5%-ile UE
	50%-ile UE
	95%-ile UE

	~25%
	STRP
	357.32
	117.78
	390.50
	524.57

	
	1CW for SDM MTRP
	386.67
8.2% (+)
	107.34
-8.9% (-)
	386.01
-1.1% (-)
	769.65
46.7% (+)

	
	2CW for SDM MTRP
	412.42
14.4% (+)
	118.63
0.7% (+)
	409.41
4.8% (+)
	790.20
50.6% (+)

	

	~40%
	STRP
	269.57
	60.35
	238.97
	524.57

	
	1CW for SDM MTRP
	284.11
5.4% (+)
	59.72
-1.0% (-)
	243.17
1.8% (+)
	578.59
10.3% (+)

	
	2CW for SDM MTRP
	303.76
12.7% (+)
	69.48
15.1% (+)
	265.45
11.1% (+)
	627.39
19.6% (+)


Observation 9: Compared with STRP, either 1 CW or 2 CW of single DCI based STxUL to MTRP via SDM scheme can obtain considerable throughput improvement.
Observation 10: For SDM based STxUL to MTRP transmission scheme, it is very essential to support 2 CW to obtain the comprehensive and efficient gain.

Conclusions
In this contribution, we provide our views on the potential transmission scheme of simultaneous UL transmission across multi-panel to MTRP in Rel-18, and we have the following observations and proposals:
Observation 1: Regarding simultaneous UL transmission across multi-panel to MTRP, it can be observed that the support of this transmission mode can significantly bring the performance benefits for both of throughput and reliability.
Observation 2: For the sake of progress on objective 6, RAN1 shall identify and determine the potential transmission scheme of STxUL to MTRP at the beginning of Rel-18.
Observation 3: For higher UL reliability through simultaneous UL transmission in Rel-18, single DCI based MTRP PUSCH/PUCCH via SDM(SFN) scheme can be provided with higher spectral efficiency as well as less specification impact when compared to other schemes.
Observation 4: For higher UL reliability through simultaneous UL transmission in Rel-18, single DCI based MTRP PUSCH via FDM (incl. FDM-A and FDM-B) scheme can be provided with very low inter-layer transmission interference and flexibility of transmission schemes for UE implementation and NW scheduling.
Observation 5: For higher UL reliability through simultaneous UL transmission in Rel-18, multi-DCI based MTRP PUSCH repetition scheme can enhance PDCCH reliability additionally and would not cause too much specification impact.
Observation 6: For higher UL reliability through simultaneous UL transmission in Rel-18, multi-DCI based MTRP PUSCH repetition scheme can fulfill this enhancement with little spec impact.
Observation 7: For higher UL reliability through simultaneous UL transmission in Rel-18, multi-DCI based MTRP PUCCH repetition scheme can fulfill this enhancement with little spec impact and provide more flexibility by supporting different combinations of UCI reporting.
Observation 8: For higher UL reliability through simultaneous UL transmission in Rel-18, single DCI based MTRP PUSCH with 2 CWs via SDM scheme can fulfill this enhancement and can be very beneficial and suitable to real deployment.
Observation 9: Compared with STRP, either 1 CW or 2 CW of single DCI based STxUL to MTRP via SDM scheme can obtain considerable throughput improvement.
Observation 10: For SDM based STxUL to MTRP transmission scheme, it is very essential to support 2 CW to obtain the comprehensive and efficient gain.
Proposal 1: For higher UL reliability via simultaneous UL transmission in Rel-18, support of the following transmission schemes for PUSCH/PUCCH enhancements:
· Single DCI based MTRP PUSCH/PUCCH via SDM(SFN) scheme
· Single DCI based MTRP PUSCH/PUCCH via FDM scheme
· Multi-DCI based MTRP PUSCH/PUCCH repetition scheme
Proposal 2: For higher UL throughput via simultaneous UL transmission in Rel-18, support of the following transmission schemes for PUSCH/PUCCH enhancements:
· Multi-DCI based MTRP PUSCH transmission scheme
· Multi-DCI based MTRP PUCCH transmission scheme
· Single DCI based MTRP PUSCH with 2 CWs via SDM scheme
Proposal 3: RAN1 could refer to the existing mechanism of per TRP precoding indication in Rel-16/17 to ease the spec effort of precoding indication for STxUL to MTRP in Rel-18, and it can be considered from the perspective of scheduling modes as follows:
· For the case of single DCI based STxUL to MTRP scheme, the usage of two TPMI fields introduced for single DCI based MTRP PUSCH repetition via TDM scheme in Rel-17 can be referred.
· For the case of nulti-DCI based STxUL to MTRP scheme, the approach of multi-DCI based MTRP PUSCH scheme in Rel-16 can be referred.
Proposal 4: RAN1 shall further study whether/how to utilize the advanced capability of multi-panel UE to enhance the UL throughput of UCI report.
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