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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 Single-DCI based STxMP transmission
2.1   Transmission schemes
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. A TDM-based solution requires low UE capabilities by paying extra latency and power, repetition in time domain is well performed since for the uplink power is limited which has already been specified in Rel-17. SDM and FDM schemes are considered to be able to achieve a lower latency and higher spectral efficiency. While comparing with SDM, FDM has the benefits that there’s no inter-layer interference and power boosting may 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. Based on the above discussion, we propose to focus on SDM/FDM-based schemes for uplink in R18. 

In RAN1#109-e meeting, the following agreement was made on single DCI based PUSCH transmission schemes [2]:

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


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. At least one multi-RV (-B scheme) based solution should be supported for the PUSCH robustness motivation, which can have a better chance to combat the blockage in FR2 because of the self-decoding capability. To provide enough flexibility for the gNB scheduler to adapt for different circumstances, multiple transmission schemes were proposed to be adopted for STxMP.
In RAN1#110 meeting, the following Working Assumption was approved on single DCI based PUSCH transmission schemes [3] after discussion:

Working assumption
Support the following schemes 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.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will be made in RAN1#110bis-e.

SDM scheme was agreed during the meeting, and FDM schemes were precluded. SFN scheme is still pending for determination. Conventional SFN scheme is transparent to specs, in Rel-17 SFN scheme was introduced for HST. For STxMP, SFN can be enhanced to get a better performance compared with conventional SFN scheme considering different SRI/TPMI obtained for each panel. SFN can provide a performance gain with less DMRS overhead. It would provide more scheduling flexibility to support both SDM and SFN schemes.
Proposal 1: Confirm the Working Assumption made for S-DCI based STxMP in last RAN1 meeting. 
Proposal 2: Support both SDM and SFN schemes for UL STxMP.

2.2   Rank combinations and CW to layer mapping schemes
In RAN1#110 meeting, the following agreement has been made on supported rank combinations [3]:
Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} for single CW case. 
· 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.


Considering different panels may have different capabilities on maximum supported RANK, it would be reasonable to support more flexible rank combinations between panels including combinations of {1+3, 3+1} to achieve the scheduling flexibility and maximize the transmission capacity for each panel. Also if we support 2 CWs for single DCI based STxMP PUSCH, rank combinations of {1+3, 3+1} should also be supported either. For rank combinations of {0+n, n+0} when switching to single-panel transmission mode, the transmission should support a maximum of 4 layers also not exceeding the supported rank of the specific panel, which means no limitation to the number of layers supported for STxMP. 

Proposal 3: Support the layer combinations of {1+3, 3+1} for SDM scheme of single DCI based STxMP PUSCH.
Proposal 4: Support maximum RANK-4 transmission when switching to single-panel mode i.e. n=1,2,3,4, not exceeding the supported rank of the transmitted panel.

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 single DCI based multi-TRP uplink operation would be more feasible and beneficial. 

Proposal 5: Support 2 CWs transmission for SDM scheme of single DCI based STxMP.
Proposal 6: The support of 2 codewords transmission can be defined as a UE optional feature.

2.3   DMRS port indication scheme
In RAN1#110 meeting, the following agreement has been made on DMRS port indication [3]:
Agreement
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.


In Rel-17, only equal number of transmission layers is supported for the PUSCH transmission towards two TRPs. For STxMP in Rel-18, flexible number of transmission layers between two panels/TRPs should be supported for the PUSCH transmission from different panels for SDM scheme(s). 
There are two approaches for the DMRS ports indication:
· Alt.1: DMRS ports associated with different beams would be allocated in different CDM groups, this would alleviate the inter-beam/inter-panel interference to achieve a better performance from our point of view. For the enhancement to the current DMRS port allocation tables, at least DMRS ports allocation {0,2,3}can be added to further support rank combination {1+2}.
· Alt.2: DMRS ports associated with different beams may be allocated within the same or different CDM groups, so gNB can flexibly allocate the DMRS ports to the UE. But how to further identify the DMRS ports according to different panels is the next issue to solve. 

Proposal 7: There are two approaches for the DMRS ports indication, 
· Al.t1: DMRS ports associated with different beams will be allocated in different CDM groups;
· Alt.2: DMRS ports associated with different beams may be allocated within the same or different CDM group;

Proposal 8: With Alt.1 approach, at least DMRS ports allocation {0,2,3} can be added to support rank combination {1+2} for SDM scheme, other entries may also needed considering the scheduling flexibility .

For Alt.2, it is more flexible and compatible to the uplink transmission mechanism and is more preferred. 
For Alt.2, the DMRS ports allocated to both panels can be indicated by “Antenna Ports” field. And the indicated ports can be further divided into two DMRS port groups for each beam/panel according to the layer combination identified for the transmission. 
The layer combinations can be obtained in multiple ways:
· Option 1: use the current DCI field “Antenna ports ” to indicate DMRS ports associated with both panels. DMRS ports associated with the two panels can be in the same or different CDM group. Layer combination indicated to the UE is used to partition the ports to two panels by reusing additional reserved codepoints implicitly as Table 1 or adding a new column in DMRS port indication table to indicate explicitly Table 2.
For SDM scheme, the extensions are needed only for RANK 3 and additional for RANK4 if UE support layer combination {1+3,3+1}. The layer information can be further used for the overhead reduction indication solution of SRI/TPMI precoding, only subsets of SRI/TPMI for the indicated TRIs for both panels would be needed.

Table 1. Antenna ports of DMRS dmrs-Type=2, maxLength=1, rank =3

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s )

	0
	2
	0-2

	1
	3
	0-2

	2
	3
	3-5

	3
	2
	0-2

	4
	3
	0-2

	5
	3
	3-5

	6-15
	Reserved
	Reserved




Table 2. Antenna ports of DMRS dmrs-Type=2, maxLength=1, rank =3

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Additional Indication for SDM

	0
	2
	0-2
	1+2

	1
	3
	0-2
	1+2

	2
	3
	3-5
	1+2

	3
	2
	0-2
	2+1

	4
	3
	0-2
	2+1

	5
	3
	3-5
	2+1

	6-15
	Reserved
	Reserved
	




· Option 2: use the current DCI field “Antenna ports ” to indicate DMRS ports associated with both panels. DMRS ports associated with the two panels can be in the same or different CDM group. Layer combination indicated to the UE is used to partition the ports to two panels by both SRIs/TPMIs fields. The Rank combination can be indicated by both SRI fields for the non-codebook based transmission or both TPMI fields for the codebook based transmission according to different panels. This solution requires both the SRI/TPMI fields indicate TRI and the highest signaling overhead.

Proposal 9: With Alt.2 approach for SDM scheme, the indicated ports by “Antenna Ports” field can be partitioned into two DMRS port groups each corresponding to one beam/panel according to the layer combination identified for the transmission. The layer combinations can be obtained in multiple ways:
1) Reusing additional reserved codepoints implicitly or adding a new column in DMRS port indication table to indicate explicitly.
2) Using the TRIs indicated by both SRI fields for the NCB based transmission or TPMI fields for the CB based transmission according to the two panels.

2.4   SRI/TPMI indication
In RAN1#109-e meeting, the following agreement has been made on SRS resource set configuration [2]:
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.



For the SRS resource allocation related issues, STxMP schemes can directly follow the Rel-17 enhancements for TDM based PUSCH multi-TRP operation as a starting point. 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.
At least, SRI(s) can be used for the update or optimization of the scheduled PUSCH transmission despite the indication of unified TCI(s) which is common for all transmissions.
We prefer two SRS resource sets for a compatible SRI/TPMI design in Rel-18 with the previous design in principle, but considering the different panel capability supported, we propose the following,

Proposal 10: For S-DCI based STxMP 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/TCI for both CB and NCB based transmissions; 
· Each SRS resource set can have different number of SRS resources;
· Each SRS resource set can have different number of maximum SRS ports when the usage is configured as “codebook”; 

The two SRI fields have same or different bitwidth because different number of SRS resources should be supported for the flexibility in Rel-18. And different SRI tables corresponding to different panels for SRI indication should be supported, because different maximum number of layers Lmax supported and number of SRS resources Nsrs configured can all be different. 

For the indication of SRI and TPMI indication of the codebook based transmission, three options are suggested:
· Option 1: applicable for both SDM and SFN. 
If the Rank combination information cannot be obtained elsewhere, then 
· SRI fields indicate SRI for for CB, each SRI field corresponds to the SRI table separately ; TPMI fields indicate TPMI and TRI, each TPMI field corresponds to the according TPMI mapping table separately; 
· SRI fields indicate SRI and TRI for NCB, each SRI field corresponds to the SRI table separately ;
· Option 2: applicable for both SDM and SFN. 
If the Rank combination information can be achieved via the method described in Section 2.3, then the following can be considered to save more overhead.
· SRI fields indicate SRI for CB, each SRI field corresponds to the SRI table separately ; TPMI fields indicate TPMI only, each TPMI field corresponds to the according TPMI mapping table separately;
· SRI fields indicate SRI only for NCB, each SRI field corresponds to the SRI table separately ;
· The tables specified in R17 for the second TPMI/SRI can be reused for both the first/second TPMI/SRI associated with both panels/TRPs.
· Option 3: applicable for SFN only. 
· SRI fields indicate the SRI for CB, the first TPMI field indicate the TPMI and TRI, the second TPMI field indicate the TPMI only, TRI associated with the second panel is equal to the first indicated TRI. TPMI fields correspond to the TPMI tables separately ;
· The first SRI field indicate SRI and TRI for NCB, the second SRI field indicate the SRI only, TRI associated with the second panel is equal to the first indicated TRI. SRI fields correspond to the SRI tables separately ;

Proposal 11: For both SDM and SFN, two SRI indication fields of each corresponding panel/TRP transmission for both CB and NCB based transmissions, and we prefer Option 2 for the low signaling and unified signaling design for SDM and SFN.
· Option 1: SRI fields indicate SRI, TPMI fields indicate TPMI and TRI, each SRI/TPMI fields corresponds to the SRI/TPMI table separately;
· Option 2: SRI fields indicate SRI, TPMI fields indicate TPMI, each SRI/TPMI fields corresponds to the SRI/TPMI table separately;
· Option 3:SFN only. The SRI fieldS indicate the SRI, the first TPMI field indicate the TPMI and TRI, the second TPMI field indicate the TPMI only, TRI is equal to the first indicated TRI, each SRI/TPMI fields corresponds to the SRI/TPMI table separately;

Proposal 12: For both SDM and SFN, two TPMI indication fields for the indication for NCB based transmission, and we prefer Option 2 for the low signaling and unified signaling design for SDM and SFN.
· Option 1: SRI fields indicate SRI and TRI, each SRI fields corresponds to the SRI table separately
· Option 2: SRI fields indicate SRI, each SRI fields corresponds to the SRI table separately;
· Option 3: The first SRI field indicate SRI and TRI for NCB, the second SRI field indicate the SRI only, TRI associated with the second panel is equal to the first indicated TRI. SRI fields correspond to the SRI tables separately ;

2.5   SRS resource set indication
Another important issue is the dynamic switching between S-TRP and m-TRP. In Rel-17, a new DCI field of SRS resource set indication was introduced. The two SRS resource sets have equal number of the SRS resources, and both SRI/TPMI indication refers to the same SRI/TPMI mapping table for the PUSCH transmissions corresponding to the different TRPs/TCIs. In Rel-17, the first SRI/TPMI field has a fixed association with each SRS resource set when STRP is applied. 
For STxMP in Rel-18, this limitation would not be appropriate as also illustrated in Section 2.4. Different panel capabilities and different configurations would lead to different bitwidth of the two SRI/TPMI fields with either approach suggested in Section 2.4. It would be difficult to minimize the overhead for the indication of both the first SRI field and the first TPMI field at the same time for the indication of the transmission via either of the panels. If we still use the first SRI/TPMI field for the indication in sTRP mode, more overhead would be generated and not be efficient for the design. So we suggest to associate the first SRI/TPMI field with the first SRS resource set and the second SRI/TPMI field with the second SRS resource set for both STRP and mTRP operations. We suggest to specify the SRS resource set indication for STxMP with modifications as showed in Table 3 below.

                             
                         Table 3. New SRS resource set indication for STxMP
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	2st SRI/TPMI field (1st field is unused)

	…
	…
	…



Proposal 13: Reuse the SRS resource set indication field to support the dynamic switching between sTRP and mTRP scenarios.

Proposal 14： Redefine the codepoint “01” of the SRS resource set indication field to a fixed association of the first SRI/TPMI field corresponding to the first SRS resource set and the second SRI/TPMI field corresponding to the second SRS resource set.
 SRS resource set indication for STxMP
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	2st SRI/TPMI field (1st field is unused)

	…
	…
	…



Also the codepoint “10” and “11” would be identical for STxMP in Rel-18 which means one of the codepoint would be redundant. We can utilise this redundant codepoint for other indications which can also be discussed.

Proposal 15:  One of the codepoints “10” and “11” is redundant and can be designed.

2.6   Dynamic switching among different transmission schemes
If SDM and SFN schemes were both specified for the S-DCI approach, then the indication of a specific scheme and the dynamic switching among different transmission schemes can be considered to provide more flexibility for the gNB scheduling because SFN can be used not only for HST scenarios for the uplink. The dynamic switching between single TRP and multi-TRP DCI indication field was specified in Rel-17 for the TDM based multi-TRP transmission. 
Proposal 16: 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.

The codepoints can be redefined for the indication and support of the dynamic switching among S-DCI based transmission schemes.

Table 4. New SRS resource set indication for STxMP
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	2st SRI/TPMI field (1st field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields
SDM scheme

	11
	m-TRP mode with 
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields
SFN scheme




Proposal 17: Redefine the codepoints “10” and “11” of the SRS resource set indication field to support the dynamic switching between transmission schemes specified in Rel-18.
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	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	2st SRI/TPMI field (1st field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields
SDM scheme

	11
	m-TRP mode with 
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields
SFN scheme





3   Multi-DCI based STxMP transmission
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 will be specified in Rel-18. 

In RAN1#109-e meeting, the following agreement has been made on multi-DCI based PUSCH transmission schemes [2]:
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.



For PUSCH, dynamic-grant based PUSCH, configured-grant based PUSCH both need to be enhanced under multi-TRP based transmission scenarios. The enhancements should be applicable for both codebook based UL transmission and non-codebook based UL transmission.
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 18: Support the enhancement of DG-PUSCH and CG-PUSCH combinations for multi-DCI based the simultaneous transmission.

Considering the feasibility of the multi-DCI based PUSCH transmission, different types of overlapping should be studied. The following aspects need to be solved,
1) The interference between different DMRS ports corresponding to different PUSCHs
2) The interference between DMRS ports of one PUSCH and the data of the other PUSCH

To minimize the interference of the above mentioned aspects, the following rules are suggested when considering different overlapping types of STxMP PUSCH.
· Same DMRS configurations for different PUSCHs, eg. DMRS type, the number of the FL DMRS, etc. 
· DMRS port(s) allocation of different PUSCHs belong to different CDM groups
· When partially/fully overlapping occurs for STxMP, the PUSCH can use the “CDM groups without data” in “Antenna Port” field to perform the rate matching towards the DMRS port(s) of the other PUSCH on the overlapped symbols.

Proposal 19: For the fully/partially overlapping PUSCHs based on M-DCI scheduling, the following rules are suggested to minimize the interference between two PUSCHs,
· Same DMRS configurations for different PUSCHs, eg. DMRS type, the number of the FL DMRS, etc. 
· DMRS port(s) allocation of different PUSCHs belong to different CDM groups
· When partially/fully overlapping occurs in time domain for STxMP, the PUSCH can use the “CDM groups without data” in “Antenna Port” field to perform the rate matching towards the DMRS port(s) of the other PUSCH on the overlapped symbols.

4	  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:
Single-DCI based PUSCH
Proposal 1: Confirm the Working Assumption made for S-DCI based STxMP transmission in last RAN1#110 meeting. 
Proposal 2: Support both SDM and SFN schemes for STxMP transmission.
Proposal 3: Support the rank combinations of {1+3, 3+1} for SDM scheme of single DCI based STxMP PUSCH.
Proposal 4: Support maximum RANK-4 transmission when switching to single-panel mode i.e. n=1,2,3,4, not exceeding the supported rank of the transmitted panel.
Proposal 5: Support the 2 CWs for SDM scheme of single DCI based STxMP PUSCH.
Proposal 6: The support of 2 codewords transmission can be defined as a UE optional feature.
Proposal 7: There are two approaches for the DMRS ports indication, 
· Al.t1: DMRS ports associated with different beams will be allocated in different CDM groups；
· Alt.2: DMRS ports associated with different beams may be allocated within the same or different CDM group. 
Proposal 8: With Alt.1 approach, at least DMRS ports allocation {0,2,3} can be added to support rank combination {1+2} for SDM scheme, other entries may also needed considering the scheduling flexibility .
Proposal 9: With Alt.2 approach for SDM scheme, the indicated ports by “Antenna Ports” field can be partitioned into two DMRS port groups each corresponding to one beam/panel according to the layer combination identified for the transmission. The layer combinations can be obtained in multiple ways:
1) Reusing additional reserved codepoints implicitly or adding a new column in DMRS port indication table to indicate explicitly.
2) Using the TRIs indicated by both SRI fields for the NCB based transmission or TPMI fields for the CB based transmission according to the two panels.
Proposal 10: For S-DCI based STxMP 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/TCI for both CB and NCB based transmissions; 
· Each SRS resource set can have different number of SRS resources;
· Each SRS resource set can have different number of maximum SRS ports when the usage is configured as “codebook”; 
Proposal 11: For both SDM and SFN, two SRI indication fields of each corresponding panel/TRP transmission for both CB and NCB based transmissions, and we prefer Option 2 for lower signaling overhead and dynamic switching..
· Option 1: SRI fields indicate SRI, TPMI fields indicate TPMI and TRI, each SRI/TPMI fields corresponds to the SRI/TPMI table separately;
· Option 2: SRI fields indicate SRI, TPMI fields indicate TPMI, each SRI/TPMI fields corresponds to the SRI/TPMI table separately;
· Option 3:SFN only. The SRI fieldS indicate the SRI, the first TPMI field indicate the TPMI and TRI, the second TPMI field indicate the TPMI only, TRI is equal to the first indicated TRI, each SRI/TPMI fields corresponds to the SRI/TPMI table separately;

Proposal 12: For both SDM and SFN, two TPMI indication fields for the indication for NCB based transmission, and we prefer Option 2 for lower signaling overhead and dynamic switching.
· Option 1: SRI fields indicate SRI and TRI, each SRI fields corresponds to the SRI table separately
· Option 2: SRI fields indicate SRI, each SRI fields corresponds to the SRI table separately;
· Option 3: The first SRI field indicate SRI and TRI for NCB, the second SRI field indicate the SRI only, TRI associated with the second panel is equal to the first indicated TRI. SRI fields correspond to the SRI tables separately ;
· Proposal 13: Reuse the SRS resource set indication field to support the dynamic switching between sTRP and mTRP scenarios.
· Proposal 14： Redefine the codepoint “01” of the SRS resource set indication field to a fixed association of the first SRI/TPMI field corresponding to the first SRS resource set and the second SRI/TPMI field corresponding to the second SRS resource set.
·  SRS resource set indication for STxMP
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	2st SRI/TPMI field (1st field is unused)

	…
	…
	…



Proposal 15:  One of the codepoints “10” and “11” is redundant and can be designed.
Proposal 16: 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 17: Redefine the codepoints “10” and “11” of the SRS resource set indication field to support the dynamic switching between transmission schemes specified in Rel-18.
Table. SRS resource set indication for STxMP
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	2st SRI/TPMI field (1st field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields
SDM scheme

	11
	m-TRP mode with 
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields
SFN scheme






Multi-DCI based PUSCH
Proposal 18: Support the enhancement of DG-PUSCH and CG-PUSCH combinations for multi-DCI based the simultaneous transmission.
Proposal 19: For the fully/partially overlapping PUSCHs based on M-DCI scheduling, the following rules are suggested to minimize the interference between two PUSCHs,
· Same DMRS configurations for different PUSCHs, eg. DMRS type, the number of the FL DMRS, etc. 
· DMRS port(s) allocation of different PUSCHs belong to different CDM groups
· When partially/fully overlapping occurs in time domain for STxMP, the PUSCH can use the “CDM groups without data” in “Antenna Port” field to perform the rate matching towards the DMRS port(s) of the other PUSCH on the overlapped symbols.
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