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Introduction
As approved in RAN#94-e meeting, multi-panel UL transmission related enhancements include the following objectives [1]:
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, transmission schemes of multi-panel UL transmission (including PUSCH and PUCCH), and related UL precoding indication are discussed.
Transmission schemes of PUSCH + PUSCH
In RAN1#109-e and RAN1#110, the following agreements and working assumption related to transmission schemes for S-DCI and M-DCI based STxMP PUSCH+PUSCH transmission were achieved. In this section, our views on the possible transmission schemes will be shared.
	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
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.
Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2}. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.
Agreement
[bookmark: _GoBack]To enhance the DMRS port indication for SDM scheme of STxMP PUSCH transmission in single-DCI based mTRP system, study the following aspects:
· Whether the indicated DMRS ports can be in different or same CDM group?
· How to determine the port partition among PUSCH layers.
· How to map DMRS ports with PUSCH layers from different panels.
· Whether to use one DCI field or two DCI fields for DMRS port indication
· How to indicate layer combination that is used to partition DMRS port partition among PUSCH layers.
· Other aspects are not precluded.
Working assumption
Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.


1.1. Transmission schemes for S-DCI framework
According to the working assumption, SDM scheme is supported for STxMP PUSCH transmission in S-DCI based mTRP system. Compared with single panel transmission (e.g., panel selection), diversity gain and multiplexing gain can be achieved due to the introduction of two panels. Therefore, the working assumption should be confirmed.
In order to further improve reliability performance and uplink coverage, SFN scheme should also be supported. In SFN scheme, all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously. Even if one of link (between one TRP and one panel) is blocked, reliability can be guaranteed. Accordingly, uplink coverage can be enhanced. Therefore, SFN scheme should be supported in addition to SDM scheme for STxMP PUSCH transmission.
Proposal 1： Confirm the working assumption made in RAN1#110:
· Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
Proposal 2: Support SFN scheme in addition to SDM scheme for STxMP PUSCH transmission.
In SDM scheme, one issue is whether to support 2 CWs. In our view, channel qualities of two panels may have a large difference, and it is hard to determine a proper MCS level if single CW is adopted. Accordingly, throughput performance cannot be guaranteed. Therefore, we prefer to introduce two CWs for up to four layers and specify related CW to layer mapping method.
Proposal 3: Two CWs should be supported by SDM based STxMP PUSCH transmission.
In RAN1 #110 meeting, it was agreed that the layer combinations of {1+1, 1+2, 2+1 and 2+2} are supported for single-DCI based STxMP PUSCH SDM scheme. One open issue is whether layer combinations of {1+3} and {3+1} are supported. Layer combination of {1+3} and {3+1} would be only happened when the channel differences of the two TRPs are significant. In such conditions, S-TRP transmission can be used instead of SDM scheme. Therefore, we prefer not support layer combinations of {1+3} and {3+1} for single-DCI based STxMP PUSCH SDM scheme. 
Proposal 4: For single-DCI based STxMP PUSCH SDM scheme, layer combinations of {1+3} and {3+1} are not supported. 

For SDM scheme for PDSCH, the DMRS ports for the two TRPs are from two different CDM groups. It is our view that such restriction is not needed for single-DCI based STxMP PUSCH SDM scheme. When the two panels are synchronous, even allocating the DMRS ports in the same CDM group to the two panels, the orthogonality of them can be guaranteed. Therefore whether the DMRS ports for the two panels are allocated to the same CDM group(s) or different CDM groups can be determined by gNB. 
Proposal 5: For single-DCI based STxMP PUSCH SDM scheme, the DMRS ports can be configured in the same or different CDM groups.
In Rel-15, TPMI/TRI filed is used to indicate the number of layers (i.e., TRI), and the DMRS indication field (i.e., “antenna port” field) indicates DMRS from ports combinations with total ports number equals to the number of layers indicated by TPMI field (for codebook based PUSCH)/SRI field (for non-codebook based PUSCH). It is natural to use the same TRI indication scheme for single-DCI based STxMP PUSCH SDM scheme, i.e., TPMI/SRI field(s) is used to indicate the layer combination of the two panels.
Proposal 6: For single-DCI based STxMP PUSCH SDM scheme, TPMI/SRI field(s) is used to indicate layer combination of the two panels.
For single-DCI based STxMP PUSCH SDM scheme, different DMRS ports are used by the two panels, therefore, one DMRS indication field for DMRS indication is sufficient. If TPMI/SRI field(s) is used to indicate the layer combination of the two panels, the number of DMRS ports that should be indicated by the DMRS indication field is the sum of ranks (r1+r2) indicated by the TPMI/SRI field(s). That is, for DMRS ports indication, the DMRS port indication table is determined by the sum of ranks (r1+r2) of two panels, where r1 and r2 are the number of layers indicated by TPMI/SRI field(s) for the two panels, respectively. One possible DMRS indication scheme is that the first r1 DMRS ports are mapped to the first panel, and the other r2 DMRS ports are mapped to the second panel. Note that the layer combinations of {1+1, 1+2, 2+1 and 2+2} are supported for single-DCI based STxMP PUSCH SDM scheme, however, there is no entry for 1+2 (i.e., 1 port is included in the first DMRS CDM group and 2 ports are included in the second CDM group) in the DMRS indication table for rank=3, but only one entry for 2+1 (i.e., 2 ports are included in the first DMRS CDM group and 1 port is included in the second CDM group) included. Although gNB can determine whether the DMRS ports of the two panels are configured in the same or different CDM groups, when the ranks of the two panels are 1 and 2 respectively, it is possible that gNB prefers to configure the CDM groups of the two panels in two CDM groups respectively. Then for layer combination of 1+2, one possible solution is introducing a new entry for 1+2; and another possible solution is indicating the entry for 2+1, with the DMRS port in the second CDM group mapped to the first panel and the first two DMRS ports mapped to the second panel. 
Proposal 7: For single-DCI based STxMP PUSCH SDM scheme, using one DCI field for DMRS port indication.
Proposal 8: For single-DCI based STxMP PUSCH SDM scheme, the sum of ranks (r1+r2) of two panels is used to determine the DMRS port indication table, where r1 and r2 are the number of layers for the two panels respectively.
Proposal 9: For single-DCI based STxMP PUSCH SDM scheme, if the sum of ranks (r1+r2) of two panels is used to determine the DMRS port indication table, the following two alternatives are considered:
· Alt 1: A new entry for layer combination 1+2 is introduced, the first r1 DMRS ports are mapped to the first panel, and the later r2 DMRS ports are mapped to the second panel;
· Alt 2: No new entry for layer combination 1+2 is introduced,
·  For layer combination 1+2, the first 2 DMRS ports are mapped to the second panel, and the last DMRS ports is mapped to the first panel;
· For other layer combinations, the first r1 DMRS ports are mapped to the first panel, and the later r2 DMRS ports are mapped to the second panel.
1.2. Transmission schemes for M-DCI framework
For M-DCI framework, 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. In order to support STxMP transmission, two PUSCHs can be fully or partially overlapping in time domain, which is different from Rel-16 mTRP operation where two PUSCHs are non-overlapping in time domain. With regard to overlapping types in frequency domain, all possible overlapping types (fully/partially/non-overlapping) can be supported to provide scheduling flexibility for the gNB.
Proposal 10: The following overlapping types are supported for M-DCI based STxMP PUSCH+PUSCH transmission:
· Fully/partially overlapping in time domain 
· Fully/partially/non-overlapping in frequency domain
With non-ideal backhaul, two TRPs schedule PUSCH transmissions independently. If the combination of DG PUSCH and type 2 CG PUSCH is not supported, signaling exchange between two TRPs is needed. In order to avoid dynamic signaling exchange and provide flexibility of scheduling or transmission for gNB and UE, combinations of DG PUSCH and DG PUSCH, DG PUSCH and type 1/2 CG PUSCH, type 1/2 CG PUSCH and type 1/2 CG PUSCH can be supported. 
Proposal 11: The following combinations of PUSCHs are supported for STxMP transmission:
· DG PUSCH and DG PUSCH
· DG PUSCH and type 1/2 CG PUSCH
· Type 1/2 CG PUSCH and type 1/2 CG PUSCH
In M-DCI based scheduling, two PUSCHs can be scheduled by two PDCCHs which are associated with different CORESETPoolIndex values. These two PUSCHs can be associated with either same or different panels, and have either same or different number of PUSCH ports. Mechanisms are needed to ensure that gNB’s scheduling does not exceed UE capability. For example, the maximum number of layers scheduled by each TRP is predefined in the specification, or is configured by higher layer signaling in advance. Then the UE will expect that the total number of PUSCH layers scheduled by two PDCCHs is not larger than 4.
Similar to Rel-16 M-DCI based PDSCH scheduling, the UE is not expected to assume different DMRS configurations with respect to the actual number of front-loaded DMRS symbol(s), the actual number of additional DMRS symbol(s), the actual DMRS symbol location, and DMRS configuration type. On the other hand, when the UE is scheduled with full/partially overlapping PUSCHs in time domain, the UE is expected to be scheduled with the same active BWP and the same SCS.
Proposal 12: The following scheduling restrictions can be considered by STxMP transmission:
· The maximum number of layers for each PUSCH is predefined in specification or is configured by higher layer signaling in advance.
· Two scheduled PUSCHs have the same DMRS configuration.
· The same active BWP and the same SCS are scheduled by two TRPs.
1.3. Transmission schemes for CG transmission
In Rel-17 TDM based PUSCH repetition, both type 1 and type 2 CG PUSCH transmissions towards multiple TRPs are supported. The following options were discussed to schedule PUSCH repetitions and option 1 was supported:
· Option 1: Using single CG configuration
· Option 2: Using multiple CG configurations
In STxMP PUSCH transmission, both option 1 and option 2 can be considered. Option 1 is similar to S-DCI scheduling, where SDM or SFN based PUSCH transmission is configured by one CG configuration. Option 2 is similar to M-DCI based scheduling, and at least two PUSCHs configured by different CG configurations are transmitted simultaneously.
If option 1 is supported, solutions for TDM based PUSCH repetition can be used as a reference. Therefore, less specification effort is expected. If option 2 is supported, the associations between multiple CG configurations are needed for UE to transmit PUSCHs simultaneously, and the associations might affect precoding indication, power control and UCI multiplexing, etc. Since both option 1 and option 2 can realize STxMP transmission, option 1 is preferred due to smaller specification impact.
Similar to S-DCI based STxMP transmission, SDM and SFN scheme can also be supported to provide scheduling flexibility for gNB or transmission flexibility for UE.
Proposal 13: Support single CG configuration related STxMP PUSCH transmission.
Proposal 14: For CG based STxMP transmission, the following schemes can be supported: 
· SDM scheme
· SFN scheme
Transmission schemes of PUCCH + PUCCH
Similar to STxMP PUSCH + PUSCH transmission, FDM and SDM (SFN) can be performed to realize simultaneous PUCCH + PUCCH transmission. In this section, transmission schemes for STxMP PUCCH transmission are discussed under the assumptions of S-DCI and M-DCI framework.
1.4. Transmission schemes for S-DCI framework
In RAN1#109-e, the following proposal was discussed but no agreement was achieved:
	Proposal 3.1: Study and evaluate the following schemes for STxMP PUCCH transmission in single-DCI based mTRP: 
− PUCCH FDM-A scheme: different frequency domain parts of one PUCCH resource are transmitted by two different UE panels. 
− PUCCH FDM-B scheme: two FDM-ed PUCCH transmission occasion of the same UCI with the same PUCCH format are transmitted from two different UE panels 
− PUCCH SFN scheme: The same PUCCH/PUCCH-DMRS is transmitted from two different UE panels simultaneously. 
− FFS: which one(s) PUCCH formats can support the PUCCH FDM-A, FDM-B, and SFN schemes


The above proposal can be used as a starting point for discussion.
In S-DCI framework, PUCCH can be transmitted in FDM manner or SFN manner in one or multiple PUCCH resources. In FDM-A scheme, different frequency domain parts of one PUCCH resource are transmitted by different UE panels. Similar to mTRP PDSCH transmission, the first  PRBs are assigned to the first panel and the remaining  PRBs are assigned to the second panel. There is a special case that PUCCH resource occupies one PRB (e.g., one PRB is configured by parameter nrofPRBs, or parameter nrofPRBs is not configured). How to determine the frequency resources for each panel is an issue. In order to support STxMP transmission and minimize standardization effect, FDM-A can be supported and some restrictions are made. For example, only PUCCH resource with more than one PRB is supported in FDM-A scheme. 
In FDM-B scheme, two or more FDM-ed PUCCH transmission occasions of the same UCI are transmitted from two UE panels. In these transmission occasions, same or different PUCCH resources are used. If one PUCCH resource is used for all transmission occasions, the actual frequency resource of some transmission occasions are not aligned with the parameter startingPRB in PUCCH resource configuration. If different PUCCH resources are used by different transmission occasions, the linkage between multiple PUCCH resources is needed for UE to transmit the same UCI. No matter how many PUCCH resources are used, power control mechanism needs to be enhanced to determine transmit power for each transmission occasion. In order to increase reliability of PUCCH transmission, FDM-B scheme should also be supported. Considering that there is no big difference between single PUCCH resource and multiple PUCCH resources from functionality point of view, and single PUCCH resource scheme needs less standardization work, single PUCCH resource is preferred in FDM-B scheme.
In SFN scheme, the same PUCCH/PUCCH-DMRS is transmitted from two UE panels with two TCI states. Compared with FDM-A scheme, SFN scheme can achieve better performance when blockage occurs. Compared with FDM-B scheme, resources can be utilized more efficiently. Considering that SFN scheme can increase reliability of PUCCH and has its own use case, it should be supported in STxMP PUCCH transmission.
Proposal 15: For S-DCI based STxMP PUCCH+PUCCH transmission, the following schemes should be supported: 
· FDM-A scheme
· Different frequency domain parts of one PUCCH resource are transmitted by different UE panels.
· PUCCH resource with more than one PRB is supported.
· FDM-B scheme
· Two or more FDM-ed PUCCH transmission occasions of the same UCI are transmitted from two UE panels. 
· The same PUCCH resource is used in all transmission occasions.
· SFN scheme
· The same PUCCH/PUCCH-DMRS is transmitted from two UE panels with two TCI states.
1.5. Transmission schemes for M-DCI framework
In RAN1#109-e, the following proposal related to STxMP PUCCH + PUCCH in M-DCI framework was discussed:
	Proposal 3.2: For multi-DCI-based mTRP system, study to support transmitting two PUCCH resources to 
different TRPs with different UE panels that are fully or partially overlapping in time domain: 
− Study which overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are supported for PUCCH+PUCCH. 
● The study shall take into the UE implementation and RF considerations. 
● Study the conditions required for STxMP of PUCCH+PUCCH. 
− Study which one(s) of PUCCH formats can support the PUCCH+PUCCH. 
− Study the enhancement of UCI multiplexing/dropping rule for STxMP in multi-DCI based mTRP system if STxMP is supported. 
● FFS: whether/how to support UCI multiplexing/dropping for time-domain overlapped PUCCH and PUSCH transmitted from different panels.


In M-DCI framework, two PUCCH resources are scheduled by two TRPs independently. Similar to STxMP PUSCH+PUSCH transmission, all possible overlapping types can be supported. Two PUCCH resources are fully/partially overlapping in time domain, and fully/partially/non-overlapping in frequency domain. Therefore, there is no need to make restrictions on PUCCH formats, and all PUCCH formats can be considered in M-DCI framework.
Proposal 16: The following overlapping types are supported for M-DCI based STxMP PUCCH+PUCCH transmission:
· Fully/partially overlapping in time domain 
· Fully/partially/non-overlapping in frequency domain
In M-DCI based STxMP transmission, both PUSCH and PUCCH can be scheduled by two TRPs independently. Figure 1 shows two examples of STxMP PUCCH + PUSCH transmission. Figure 1 shows a case that two PUCCHs and two PUSCHs would transmit in one slot, and they are overlapping at some symbols. According to current specification, UCI multiplexing shall be performed. In STxMP transmission, UCI multiplexing can be performed within each TRP/panel. For example, UCI can be multiplexed on PUSCH which have the same TCI state or the same CORESETPoolIndex value as the UCI.
Figure 1b shows another case that two PUSCHs and one PUCCH would transmit in one slot, and they are overlapping at some symbols. After UCI multiplexing, TRP2 would transmit PUSCH, while TRP1 would transmit PUCCH. According to WID, only PUSCH+PUSCH or PUCCH+PUCCH are supported. In order to avoid PUCCH+ PUSCH transmission, dropping rule should be studied. For example, PUCCH or PUSCH is dropped before or after UCI multiplexing.


[bookmark: _Ref111214651]Figure 1: Two examples of STxMP PUCCH + PUSCH transmission
Proposal 17: Support UCI multiplexing and PUCCH/PUSCH dropping for time-domain overlapped PUCCH and PUSCH transmission.
· UCI multiplexing and PUCCH/PUSCH dropping can be performed within channels with the same TCI states or the same CORESETPoolIndex value.
· PUCCH/PUSCH dropping can be performed before or after UCI multiplexing.
UL precoding indication
In RAN1#109-e, precoding indication was discussed and the following agreements were achieved:
	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.


It was agreed to study the enhancement of SRS resource set configuration and SRI/TPMI indication for S-DCI based STxMP PUSCH scheme. Similarly, these issues need to be studied for M-DCI framework. In this section, our views on precoding indication for S-DCI and M-DCI based STxMP PUSCH schemes are shared.
1.6. UL precoding indication for S-DCI framework
In Rel-17 TDM based PUSCH repetition, up to two SRS resource sets are configured for codebook based PUSCH transmission or non-codebook based PUSCH transmission, and two SRI fields and/or two TPMI fields are included in one DCI to indicate precoding information. In order to facilitate flexible switching between different schemes, similar precoding indication framework can be used for SDM and SFN scheme. In these two transmission schemes, two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields are configured.
Proposal 18: For SDM scheme and SFN scheme, the following precoding indication framework is supported:
· Two SRS resource sets are configured for either codebook or non-codebook based PUSCH transmission.
· SRS resource set indicator field, two SRI fields and two TPMI fields are included in DCI.
For SDM scheme, each DCI includes two SRI fields and/or two TPMI fields, and each SRI/TPMI is corresponding to one SRS resource set and a group of layers. The following issues should be solved:
· Issue 1: How to determine the bitwidths and indication methods of two SRI/TPMI fields
· Issue 2: For each SRI/TPMI field, how to determine the associated SRS resource set.
· Issue 3: For each SRI/TPMI field, how to determine the associated layers.
Regarding to Issue 1, the bitwidths of SRI fields and TPMI fields depend on the number of indicated SRS resources, layers or precoders. In codebook based PUSCH transmission, the bitwidths of two SRI fields are determined by the configured SRS resources in each SRS resource set. For TPMI field, up to four layers (e.g., layer combination of 4+0) need to be indicated. Therefore, TPMI field can be designed exactly the same as that in TDM based PUSCH repetition or single panel transmission. For the second TPMI field, more than one layer needs to be indicated (e.g., layer 1 and layer 2). If all layers and related precoders are indicated by the second TPMI field, the bitwidth will be larger than that in TDM based PUSCH repetition where only one layer is indicated. In order to facilitate dynamic switching between TDM scheme and SDM scheme (similar to downlink mTRP transmission), the bitwidth of the second TPMI field can be the same as the second TPMI field in TDM based PUSCH repetition. For example, the layer of the second precoder is indicated by other information fields (e.g., SRS resource set indicator field, TPMI field, antenna ports field, or new information filed, etc.).
In non-codebook based PUSCH transmission, the bitwidth of the second SRI field can also be the same as the second SRI field in TDM based PUSCH repetition. Similarly, the layer of the second precoder is indicated by other information fields than the second SRI field.
Proposal 19: Support dynamic switching between SDM based PUSCH transmission and TDM based PUSCH transmission.
Proposal 20: In SDM scheme, the bitwidth of the second TPMI field (codebook based PUSCH transmission) or the second SRI field (non-codebook based PUSCH transmission) can be designed as the same as that in TDM based PUSCH repetition to facilitate dynamic switching between SDM and TDM schemes.
Proposal 21: In SDM scheme, the layer of the second precoder (corresponding to the second TPMI field or the second SRI field) can be indicated by the following one of the information fields:
· SRS resource set indicator field, TPMI/SRI field, antenna ports field, or new information field, etc.
With regard to Issue 2, mechanism in TDM based PUSCH repetition can be reused. SRS resource set indicator field is used to indicate the association relationship dynamically.
With regard to Issue 3, the following options can be considered.
· Option 1: There is a direct association between SRI/TPMI field and indicated layers or antenna ports, e.g., the first SRI/TPMI is corresponding to lower layers, and the second SRI/TPMI is corresponding to higher layers.
· Option 2: There is an indirect association between SRI/TPMI field and layers, e.g., the association is determined by a third parameter (e.g., SRS resource set, indicated TCI state, etc.)
If option 1 is supported, the association between TRP/panel and layers are also fixed. While in option 2, the association between TRP/panel and layers are more flexible. In Rel-16 S-DCI based PDSCH transmission and Rel-17 TDM based PUSCH repetition, the association between TRP/panel and layers are designed jointly with TCI indication. Similarly, this issue can also be discussed after initial conclusion is made in TCI indication discussion. 


[bookmark: _Ref115447894]Figure 2: Correspondence between SRI/TPMI indication and layers in SDM scheme
Based on the above options, Figure 2 shows four possible correspondences assuming that dynamic switching between SDM scheme and single TRP/panel transmission is supported. Furthermore, whether/how to implement these correspondences should also be studied. 
Proposal 22: The following association methods between SRI/TPMI indication and indicated layers or antenna ports in SDM scheme can be further considered:
· Option 1: There is a direct association between SRI/TPMI field and layers, e.g., the first SRI/TPMI is corresponding to lower layers, and the second SRI/TPMI is corresponding to higher layers.
· Option 2: There is an indirect association between SRI/TPMI field and layers, e.g., the association is established through a third parameter (e.g., SRS resource set, indicated TCI state, etc.).
For SFN scheme, each DCI includes two SRI fields and/or two TPMI fields, and each SRI/TPMI is corresponding to one SRS resource set and the same layers/DMRS ports of one PUSCH. The following two issues should also be solved:
· Issue 1: How to determine the bitwidths and indication methods of two SRI/TPMI fields
· Issue 2: For each SRI/TPMI field, how to determine the associated SRS resource set.
In SFN scheme, same layers/DMRS ports of one PUSCH are transmitted from two different UE panels, which is similar to TDM based PUSCH repetition. Therefore, the indication methods of two SRI fields and two TPMI fields in TDM based PUSCH repetition can be reused directly. The layer of the second TPMI field (in codebook based PUSCH transmission) or the second SRI field (in non-codebook based PUSCH transmission) is determined by the indication of the TPMI or SRI field. 
With regard to Issue 2, mechanism in TDM based PUSCH repetition can also be reused. SRS resource set indicator field is used to indicate the association relationship dynamically.
Proposal 23: In SFN scheme, the bitwidths and indication methods of two SRI/TPMI fields can reuse the method in TDM based PUSCH repetition directly. 
· The layer of the second TPMI field (in codebook based PUSCH transmission) or the second SRI field (in non-codebook based PUSCH transmission) is determined by the layer indicated by TPMI or SRI field.
1.7. UL precoding indication for M-DCI framework
In S-DCI based PUSCH transmission, two SRS resource sets are configured, and each SRS resource set is associated with one TRP or one panel. In M-DCI framework, two SRS resource sets can also be configured. Similarly, each SRS resource set is associated with one panel or one TRP, and it is also associated with one SRI field or one TPMI field. In other words, one DCI is associated with one SRS resource set. When UE receives one DCI including SRI field and/or TPMI field, it needs to determine the associated SRS resource set and determine the related precoder accordingly.
For each SRI/TPMI indication or for each DCI, how to determine the associated SRS resource set should be studied. The following association methods can be considered:
· Option 1: SRI/TPMI indication and SRS resource set are associated through parameter CORESETPoolIndex.
· Option 2: SRI/TPMI indication and SRS resource set are associated through UE capability value.
· Option 3: SRI/TPMI indication and SRS resource set are associated through indicated TCI state.
In these options, the association between SRI/TPMI indication and SRS resource set is established through a third parameter and the third parameter is related to TRP or panel. For example, one SRI/TPMI indication and one SRS resource set are associated with each other if both of them are corresponding to the same TRP or the same panel. If two SRS resource sets are configured for M-DCI based STxMP transmission, further down-selection can be performed. 
Based on the above associations, Figure 3 shows two possible correspondences between SRI/TPMI indication and SRS resource set. Whether the correspondence can be changed dynamically could be discussed.


[bookmark: _Ref111214686]Figure 3: Correspondences between SRI/TPMI indication and SRS resource set with M-DCI framework
Proposal 24: For M-DCI framework,
· Two SRS resource sets are configured for either codebook or non-codebook based PUSCH transmission.
· Each SRI/TPMI indication or each DCI is associated with one SRS resource set.
Proposal 25: The following association methods between SRI/TPMI indication and SRS resource set in M-DCI based STxMP transmission can be further considered:
· Option 1: SRI/TPMI indication and SRS resource set are associated through parameter CORESETPoolIndex.
· Option 2: SRI/TPMI indication and SRS resource set are associated through UE capability value.
· Option 3: SRI/TPMI indication and SRS resource set are associated through indicated TCI state.
Conclusions
In this contribution, we provide our views on transmission schemes and precoding indication for simultaneous multi-panel uplink transmission. Based on the above discussion, we have the following proposals:
Proposal 1： Confirm the working assumption made in RAN1#110:
· Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
Proposal 2: Support SFN scheme in addition to SDM scheme for STxMP PUSCH transmission.
Proposal 3: Two CWs should be supported by SDM based STxMP PUSCH transmission.
Proposal 4: For single-DCI based STxMP PUSCH SDM scheme, layer combinations of {1+3} and {3+1} are not supported. 
Proposal 5: For single-DCI based STxMP PUSCH SDM scheme, the DMRS ports can be configured in the same or different CDM groups.
Proposal 6: For single-DCI based STxMP PUSCH SDM scheme, TPMI/SRI field(s) is used to indicate layer combination of the two panels.
Proposal 7: For single-DCI based STxMP PUSCH SDM scheme, using one DCI field for DMRS port indication.
Proposal 8: For single-DCI based STxMP PUSCH SDM scheme, the sum of ranks (r1+r2) of two panels is used to determine the DMRS port indication table, where r1 and r2 are the number of layers for the two panels respectively.
Proposal 9: For single-DCI based STxMP PUSCH SDM scheme, if the sum of ranks (r1+r2) of two panels is used to determine the DMRS port indication table, the following two alternatives are considered:
· Alt 1: A new entry for layer combination 1+2 is introduced, the first r1 DMRS ports are mapped to the first panel, and the later r2 DMRS ports are mapped to the second panel;
· Alt 2: No new entry for layer combination 1+2 is introduced,
·  For layer combination 1+2, the first 2 DMRS ports are mapped to the second panel, and the last DMRS ports is mapped to the first panel;
· For other layer combinations, the first r1 DMRS ports are mapped to the first panel, and the later r2 DMRS ports are mapped to the second panel.
Proposal 10: The following overlapping types are supported for M-DCI based STxMP PUSCH+PUSCH transmission:
· Fully/partially overlapping in time domain 
· Fully/partially/non-overlapping in frequency domain
Proposal 11: The following combinations of PUSCHs are supported for STxMP transmission:
· DG PUSCH and DG PUSCH
· DG PUSCH and type 1/2 CG PUSCH
· Type 1/2 CG PUSCH and type 1/2 CG PUSCH
Proposal 12: The following scheduling restrictions can be considered by STxMP transmission:
· The maximum number of layers for each PUSCH is predefined in specification or is configured by higher layer signaling in advance.
· Two scheduled PUSCHs have the same DMRS configuration.
· The same active BWP and the same SCS are scheduled by two TRPs.
Proposal 13: Support single CG configuration related STxMP PUSCH transmission.
Proposal 14: For CG based STxMP transmission, the following schemes can be supported: 
· SDM scheme
· SFN scheme
Proposal 15: For S-DCI based STxMP PUCCH+PUCCH transmission, the following schemes should be supported: 
· FDM-A scheme
· Different frequency domain parts of one PUCCH resource are transmitted by different UE panels.
· PUCCH resource with more than one PRB is supported.
· FDM-B scheme
· Two or more FDM-ed PUCCH transmission occasions of the same UCI are transmitted from two UE panels. 
· The same PUCCH resource is used in all transmission occasions.
· SFN scheme
· The same PUCCH/PUCCH-DMRS is transmitted from two UE panels with two TCI states.
Proposal 16: The following overlapping types are supported for M-DCI based STxMP PUCCH+PUCCH transmission:
· Fully/partially overlapping in time domain 
· Fully/partially/non-overlapping in frequency domain
Proposal 17: Support UCI multiplexing and PUCCH/PUSCH dropping for time-domain overlapped PUCCH and PUSCH transmission.
· UCI multiplexing and PUCCH/PUSCH dropping can be performed within channels with the same TCI states or the same CORESETPoolIndex value.
· PUCCH/PUSCH dropping can be performed before or after UCI multiplexing.
Proposal 18: For SDM scheme and SFN scheme, the following precoding indication framework is supported:
· Two SRS resource sets are configured for either codebook or non-codebook based PUSCH transmission.
· SRS resource set indicator field, two SRI fields and two TPMI fields are included in DCI.
Proposal 19: Support dynamic switching between SDM based PUSCH transmission and TDM based PUSCH transmission.
Proposal 20: In SDM scheme, the bitwidth of the second TPMI field (codebook based PUSCH transmission) or the second SRI field (non-codebook based PUSCH transmission) can be designed as the same as that in TDM based PUSCH repetition to facilitate dynamic switching between SDM and TDM schemes.
Proposal 21: In SDM scheme, the layer of the second precoder (corresponding to the second TPMI field or the second SRI field) can be indicated by the following one of the information fields:
· SRS resource set indicator field, TPMI/SRI field, antenna ports field, or new information field, etc.
Proposal 22: The following association methods between SRI/TPMI indication and indicated layers or antenna ports in SDM scheme can be further considered:
· Option 1: There is a direct association between SRI/TPMI field and layers, e.g., the first SRI/TPMI is corresponding to lower layers, and the second SRI/TPMI is corresponding to higher layers.
· Option 2: There is an indirect association between SRI/TPMI field and layers, e.g., the association is established through a third parameter (e.g., SRS resource set, indicated TCI state, etc.).
Proposal 23: In SFN scheme, the bitwidths and indication methods of two SRI/TPMI fields can reuse the method in TDM based PUSCH repetition directly. 
· The layer of the second TPMI field (in codebook based PUSCH transmission) or the second SRI field (in non-codebook based PUSCH transmission) is determined by the layer indicated by TPMI or SRI field.
Proposal 24: For M-DCI framework,
· Two SRS resource sets are configured for either codebook or non-codebook based PUSCH transmission.
· Each SRI/TPMI indication or each DCI is associated with one SRS resource set.
Proposal 25: The following association methods between SRI/TPMI indication and SRS resource set in M-DCI based STxMP transmission can be further considered:
· Option 1: SRI/TPMI indication and SRS resource set are associated through parameter CORESETPoolIndex.
· Option 2: SRI/TPMI indication and SRS resource set are associated through UE capability value.
· Option 3: SRI/TPMI indication and SRS resource set are associated through indicated TCI state.
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