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Introduction
In light of R18 MIMO WID [1], the following objective is included in the scope:
	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 paper, we will present our opinions on simultaneous multi-panel UL transmission for both S-DCI and M-DCI based M-TRP operation.

Discussion
S-DCI based M-TRP 
For S-DCI based M-TRP, last meeting [2] we have the following agreements:
	Agreement
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
Note: Companies are encouraged to evaluate the different schemes for possible down-selection in RAN1#110.
Note: other schemes are not precluded

Agreement
Study the enhancement of SRS resource set configuration and SRI/TPMI indication for single-DCI based STxMP PUSCH scheme:
· The configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields of Rel-17 mTRP PUSCH TDM repetition is the starting point.
· FFS: The configuration of one SRS resource set, one or two SRI fields and one or two TPMI fields
· Note: This proposal does not mean that any possible SRI/TPMI enhancement on STxMP would be precluded. In RAN1#110, companies can suggest the detail SRI/TPMI enhancement with reasonable analysis and evaluation result.

Agreement
Study the layer combinations of {1+1, 1+2, 2+1, 2+2} for the SDM scheme (if supported) of single-DCI based STxMP PUSCH,
· This is for 1 CW at least.
· The layer combination for the SDM scheme can be further studied for 2 CW if 2 CW in SDM scheme is supported.
· FFS: study the layer combinations of {1+3, 3+1} under the above conditions.
· Companies are encouraged to provide SLS/LLS for their proposed layer combinations for the SDM scheme of single-DCI based STxMP PUSCH.

Agreement
Study if any enhancement is needed on DMRS port indication for the SDM scheme (if supported) of single-DCI based STxMP PUSCH 
· FFS how to map DMRS ports to two joint/UL TCI states/CWs/panels/TRPs/SRS resource sets/PUSCH layers for codebook-based and non-codebook based PUSCH respectively.




In Rel-17, to improve the reliability of PUSCH, S-DCI based M-TRP TDMed PUSCH transmission is supported for both FR1 and FR2. In details, two SRS resource sets would be configured, each associated with one TRP. Two SRI(s), two TPMI(s), and two TPC(s) are given by the DCI fields to realize transmission parameters determination for each TRP separately, to better match with the communication link.
In Rel-18, since simultaneous multi-panel UL transmission for higher UL throughput/reliability can be assumed, SDM PUSCH transmission can be considered, where higher throughput can be expected. SFN based transmission also can be considered to achieve high reliability.
Proposal 1: For S-DCI based M-TRP operation, SDM and SFNed PUSCH transmision can be considered.
For SDM repetition scheme, it seems that high reliability can be achieved. But compared with SFN based transmission, the benefit is not clear to us, and additional UE complexity would be introduced.
Observation 1: For S-DCI based M-TRP operation, the justification of SDMed PUSCH repetition is needed.
Regarding FDMed transmission, it seems to be that lower latency can be achieved compared with TDMed transmission. However, the benefit may be marginal, for the sake of PUSCH repetition TypeB also supported in Rel-17. On the other hand, the performance gain is not clear if comparing with SDMed PUSCH transmission. The justification of supporting FDMed PUSCH transmisison is needed to be further verified.
Observation 2: For S-DCI based M-TRP operation, the justification of FDMed PUSCH transmission is needed.
In Rel-17, for S-DCI based M-TRP transmission, TDMed PUSCH transmission is supported, where PUSCH repetition A, PUSCH repetition B and CG PUSCH repetition are enhanced. In Rel-18, it can be envisioned that at least SDMed PUSCH transmission would be supported. Thus, one natural question would arise: How to realize the switching among multiple transmission scheme. Taking DL PDSCH transmission towards M-TRP as reference, we think the switching among multiple PUSCH transmission towards M-TRP also can be achieved by RRC signaling, since different transmission targets different use cases.
Proposal 2: Regarding the switching mechanism of PUSCH transmission schemes towards M-TRP, support RRC based signaling to enable switching.
For TPMI/SRI field, in Rel-17 TDMed PUSCH transmission towards M-TRP, Second TPMI/Second SRI field is introduced to enable per TRP indication. In addition, with the assumption that the number of layer for each TRP are the same, there exists dependence between SRI/TPMI field and Second SRI/TPMI field. However, in Rel-18 for SDM scheme towards M-TRP, the layer combination {1+1, 1+2, 2+1, 2+2} can be considered. To enable per TRP SRI/TPMI indication in Rel-18, one straightforward method is to introduce one additional (Second) SRI/TPMI field compared to Rel-15/Rel-16, and each field could do work separately.
Proposal 3: For SDMed scheme, support to keep Second SRI/TPMI field introduced in Rel-17, but no dependence between SRI/TPMI field and Second SRI/TPMI field.
In current specification, Antenna ports filed is used to indicate DMRS port(s) allocation, which can be applied for single-TRP case, and can be applied for Rel-17 M-TRP TDMed PUSCH transmission where all DMRS ports indicated by Antenna ports filed are shared for both TRPs. For SDMed transmission in Rel-18, given different layers are towards different TRPs, different DMRS ports allocation for each TRP is needed. One straightforward way is to introduce one additional (Second) Antenna ports field. However, it may result in overhead increase. We can also consider to leverage DMRS CDM group idea like Rel-16 DL PDSCH transmission towards M-TRP, where each CDM group can be applied for one TRP. It can effectively control the DMRS interference from TRPs.
Proposal 4: For SDMed scheme, support DMRS enhancement, and different CDM group can be considered for each TRP.

M-DCI based M-TRP
Last meeting [2], we have the following agreement on STxMP transmission for M-DCI based M-TRP :
	Agreement
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.
Note: The above study shall take into account the UE implementation and RF considerations.
Note: Study the conditions required for STxMP PUSCH+PUSCH.
Note: Other aspects are not precluded



[bookmark: OLE_LINK2][bookmark: OLE_LINK3]For M-DCI based M-TRP, only simultaneous PUCCH transmission or PUSCH transmission across multiple panels are allowed in Rel-18. However, since the backhaul between multiple TRPs may not be ideal, the cases that different types of channels/signals overlap in time could take place. One illustration is shown below in Figure 1, where PUCCH, PUSCH and SRS from different TRPs are overlapped in time domain.
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Figure 1 one illustration on channels/signals for different TRPs overlapping 
Thus, how to select one channel/signal to transmit and drop another for overlapping cases should be considered. For example, learning from Rel-15/Rel-16/Rel-17, in our opinion the following principles can be considered:
· Priority index of channel/signal: The larger the priority index is, the higher the priority is. For example, for case (a) in Figure 1, assuming the priority index of PUCCH is 0 and the priority index of PUSCH is 1, then PUCCH can be dropped and PUSCH would be transmitted.
· The type of channel/signal. For example, for case (b) in Figure 1, assuming the priority index of PUSCH is 0, SRS can be dropped.
· The information of the channel carrying. For example, for case (c) in Figure 1, assuming priority index for overlapping channel/signal is the same, drop AP SRS when PUCCH carrying HARQ-ACK, link recovery request and/or SR; transmit AP SRS when PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s).
With what we have said, other principles are also not precluded. The solutions are use case specific.
Proposal 5: When different types of channels/signals each for different TRP are overlapping in time domain, the dropping mechanisms should be enhanced. 
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Figure 2 one illustration of two PUCCHs or PUSCHs each for different TRP overlapping
In Rel-15/Rel-16/Rel-17, for one PUCCH/PUSCH, the transmisssion power is calculated according to the same power control formulations in clause 7 of [3], which would not exceed the maximum allowed transmission power. However, as shown in Figure 2, when two PUCCHs/PUSCHs each for different TRP overlap in time domain, the transmission power of each PUCCH can be achieved independently as the legacy way. However, there is possibility that the sum power of the two overlapping PUCCHs or PUSCHs may exceed the maximal allowed transmission power for one UE. Thus, enhancement on power control for M-DCI based M-TRP operation should be considered.
Proposal 6: When the total power from two overlapping PUCCHs or PUSCHs each for one different TRP exceeds the maximal allowed transmission power for UE, power control enhancement should be considered. 

Conclusion 
In this contribution, we provide our opinions on UL precoding indication for multi-panel transmission:
For S-DCI based M-TRP:
Observation 1: For S-DCI based M-TRP operation, the justification of SDMed PUSCH repetition is needed.
Observation 2: For S-DCI based M-TRP operation, the justification of FDMed PUSCH transmission is needed.
[bookmark: _GoBack]Proposal 1: For S-DCI based M-TRP operation, SDM and SFNed PUSCH transmision can be considered.
Proposal 2: Regarding the switching mechanism of PUSCH transmission schemes towards M-TRP, support RRC based signaling to enable switching.
Proposal 3: For SDMed scheme, support to keep Second SRI/TPMI field introduced in Rel-17, but no dependence between SRI/TPMI field and Second SRI/TPMI field.
Proposal 4: For SDMed scheme, support DMRS enhancement, and different CDM group can be considered for each TRP.
For M-DCI based M-TRP:
Proposal 5: When different types of channels/signals each for different TRP are overlapping in time domain, the dropping mechanisms should be enhanced. 
Proposal 6: When the total power from two overlapping PUCCHs or PUSCHs each for one different TRP exceeds the maximal allowed transmission power for UE, power control enhancement should be considered. 
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