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1 Introduction
Rel-18 MIMO evolution for downlink and uplink [1] will study and specify methods to support simultaneous multi-panel UL transmission. In the last meeting, the following agreements have been achieved [2]. In this paper, we discuss UE panel management and UL precoding indication for multi-panel transmission.
	Agreement
· Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, L, indicated by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers which are indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers which are indicated by the second TPMI field for CB PUSCH or the second SRI field for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
· Down-select one from the following two Alts for SDM scheme in RAN1#111:
· Alt1: the DMRS ports associated with two TPMI/SRI fields must be in different CDM groups.
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.
Agreement
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.
Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB . 
· FFS : These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· For codebook -based PUSCH , DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook -based PUSCH , DCI indicates two SRI fields and each field indicates SRS resource(s)  for each SRS resource set separately. 
· FFS : For codebook -based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports
Agreement
Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Whether/how to associate coresetPoolIndex with SRS resource set implicitly or explicitly.
· FFS: the maximal number of configured/indicated SRS resources in each set for NCB/CB
· FFS: the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.
· For type 1 CG-PUSCH (if supported), FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH
Agreement
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission
FFS the indication of dynamic switching
FFS: max number of layers when switching to sTRP transmission
Agreement
Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18.
Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, Ports 0 and 1 are associated with one DMRS port of two different panels respectively Study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme.
Agreement
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, Alt2 is supported. FFS whether Alt1 is supported in addition to Alt2.
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme of single-DCI based STxMP PUSCH or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
Agreement
The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are fully/partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment within a PUSCH transmission occassion in the case of fully/partially overlapping in time domain
Agreement
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH
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2.1 UE panel capability reporting to support STxMP
UE needs to inform gNB that it is capable of simultaneous multi-panel transmission. In Rel-17, UE could provide, via UE capability reporting, its panel ‘type’ information to gNB by reporting capability value set which contains the maximum supported number of SRS antenna ports. For example, UE can report that it is equipped with one 2-port panel and one 4-port panel. Meanwhile, UE could report capability value set index along with beam report to indicate its panel ‘status’. For example, UE can report 4-port panel index along with CRI-RSRP report to let gNB be aware that 4-port panel is currently in use or to be used and is associated with reported CRI. Since no further details have been specified in Rel-17, panel management including panel switch might be heavily based on mutual understanding and implementations of gNB and UE.
Starting from what has been specified in Rel-17, two possible options can be considered to align the information between gNB and UE about whether UE could support STxMP.
· Option 1: simultaneous multi-panel can be treated as one special panel ‘type’, e.g., as one of capability value set contains the maximum supported number of SRS ports when multiple panels are involved in transmission at the same time. To be more specific, for UE with two 2-port panels, it can report capability value set 1: 2-port, capability value set 2: 4-port. 
· Option 2: simultaneous multi-panel can be treated as a combination of multiple independent panels. To be more specific, for UE with two 2-port panels, it can report capacity value set 1: 2-port and a multiplication factor 2 to indicate that two panels can be used for transmission simultaneously.
Proposal 1: Support using UE capability value set to report panel information corresponds to simultaneous multi-panel.
In addition, to help the SRS configuration and to enable switching between PUSCH STxMP SDM and other single-TRP transmission scheme/PUSCH MTRP TDM transmission scheme, more UE capability information is needed. For example, the information about max layers (e.g., maxNumberMIMO-LayersNonCB-PUSCH, maxRank, maxMIMO-Layers), max number of SRS ports, max number of SRS resources that each UE panel can support for both CB and NCB based PUSCH transmission can be reported. 
Proposal 2: Support per-panel UE capability reporting on max layer information, e.g., maxNumberMIMO-LayersNonCB-PUSCH, maxRank, maxMIMO-Layers.

2.2 SRS configurations for STxMP
In previous meetings, it has been agreed that two SRS resource sets are configured to support STxMP. However, a possible issue is that the precoder search may be limited to one panel (e.g., via measurement once per SRS resource) without consideration of interference caused by the other panel. Only when SRS resources from different SRS resource sets are transmitted simultaneously (or, to support one dedicated SRS resource set for STxMP in addition), it can be used for better precoder search for STxMP.
Proposal 3: For both CB and NCB based UL transmission, if two SRS resource sets are configured for STxMP, SRS resources in different SRS resource sets can be transmitted simultaneously. 

2.3 Switching between STxMP SDM scheme and other scheme 
It has been agreed that dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission is supported. Assuming that two SRS resource sets are configured for STxMP, the SRS resource set indicator introduced in Rel-17 can be used to switch between sTRP transmission based on one SRS resource set and SDM scheme of single-DCI based STxMP PUSCH based on two SRS resource sets in a dynamic way. A brief summary is provided in the next table. 
Table 1 SRS resource set indicator
	Configuration/indication
	Rel-17 MTRP PUSCH TDM
	Rel-18 STxMP SDM

	SRS resource set indicator in DCI
	2 bits if two SRS resource sets indicate s-TRP mode: (TRP1, TRP2) and m-TRP repetition mode: (TRP1-TRP2 order, TRP2-TRP1 order)
	This field can be reused for dynamically switching between s-TRP mode: (TRP1, TRP2) and m-TRP mode: (STxMP SDM)


Proposal 4: Support to reuse SRS resource set indicator in DCI to dynamically switch between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission. 
As proposed in Proposal 2, if per panel max layer information is provided via UE capability reporting, max number of layers when switching to sTRP transmission can be determined by maxRank or maxMIMO-Layers or maxNumberMIMO-LayersNonCB-PUSCH associated with the target TRP (e.g., via SRS resource set ID). An example of associations between TRP, UE panel, SRS resource set, and max layer information is provided in the following table.
Table 2 Max layer information
	TRP 1
	Panel 1
	SRS resource set 1
	Max layer information 1

	TRP 2
	Panel 2
	SRS resource set 2
	Max layer information 2



Proposal 5: Determine max number of layers when switching to sTRP transmission based on per-panel UE capability reporting. 
By default, RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme can be used. In addition, by extending “SRS resource set indicator” field in DCI to 3-bit, dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme can also be supported. One example is as in the following table.
Table 3 Codepoint value of SRS resource set indicator in DCI
	Codepoint value
	PUSCH s-/m- TRP transmission scheme

	0
	TRP1

	1
	TRP2

	2
	Rel-17 MTRP PUSCH TDM TRP1-TRP2 order

	3
	Rel-17 MTRP PUSCH TDM TRP2-TRP1 order

	4
	Rel-18 STxMP SDM

	5
	Rel-18 STxMP SFN (if supported)

	Reserved
	-


Proposal 6: Support to extend SRS resource set indicator in DCI to dynamically switch between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme. 

2.4 CB based STxMP SDM PUSCH
Assuming that two SRS resource sets are configured for CB-based STxMP, there are several enhancements are needed on the configurations and indications of SRS resources/resource sets/ports and PUSCH layers/ports. A brief summary is provided in the next table. 
Table 4 Support CB based STxMP SDM PUSCH
	Configuration/indication
	Rel-17 MTRP PUSCH TDM
	Rel-18 STxMP SDM

	SRS resource/resource set configuration
	nrofSRS-Ports for the two indicated SRS resources to be the same;

	nrofSRS-Ports for the two indicated SRS resources may be different and depends on UE panel capability;


	SRS resource indicator (SRI) in DCI
	two SRIs; 
1st SRI with bitwidth:;
2nd SRI with bitwidth:;

	two SRIs are needed;
1st SRI with bitwidth:;
2nd SRI with bitwidth:;

	Precoding information and number of layers (TPMI) indication in DCI
	two TPMIs;
same number of layers for first and second TPMI;

	two TPMIs are needed;
The number of layers for first and second TPMI may be different;


	PUSCH layers 
	Each TPMI, based on indicated codepoint of SRS Resource Set indicator, is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource selected by the corresponding SRI when multiple SRS resources are configured for the applicable SRS resource set;
	First TPMI indicates the first precoder to be applied over layer{0,…,v1-1}, corresponds to the first SRI, 
Second TPMI indicates the second precoder to be applied over layer {v1,…,v-1}, corresponds to the second SRI;

	PUSCH port
	same antenna port(s) as the SRS port(s) in the SRS resource indicated;
	An offset for the SRS port(s) in the SRS resource in the second SRS resource set may be needed;



It can be observed above that some restrictions might be not suitable to support simultaneous multi-panel transmissions, for example, 
· the same number of ports for the two indicated SRS resources, which might not be aligned with UE panel capability;
· the same number of layers indicated with 1st and 2nd SRS resource indicator/TPMI might be too restricted considering transmission schemes different from TDM repetition.
Proposal 7: The nrofSRS-Ports for the two indicated SRS resources can be different depending on UE panel capability, and the number of layers indicated by two TPMIs can be different. 
Assuming two-port SRS resources are configured in both SRS resource sets for CB based STxMP SDM PUSCH, and a 2+2 layer combination is used for PUSCH transmission. PUSCH port(s) associated with the first SRS resource set is the same antenna port(s) as SRS port(s) in the first SRS resource indicated, for example, 1000 and 1001, but PUSCH port(s) associated with the second SRS resource set should be antenna port(s) in the second SRS resource indicated with a port ID offset, i.e., 1002 and 1003.
Proposal 8: Support an offset for the SRS port(s) in the SRS resource in the second SRS resource set.
In addition, for CB-based simultaneous multi-panel transmission, coherent type and full power mode may need to be also studied to support various UE implementations, since both have impacts on codebook subset determination. 
For coherent type, there might be at least two different assumptions as follows.
· Assumption 1: antennas across panels are not coherent and antennas within a panel are full coherent. 
· Assumption 2: antennas across panels are full coherent. 
For full power discussion, there might be at least two different assumptions as follows.
· Assumption 1: per UE total power constraint. Same total power is assumed for both single-panel and simultaneous multi-panel transmission. In this case, transmit power scaling may be needed at both panel-level and port-level. 
· Assumption 2: per panel power constraint. More power consumption is expected for simultaneous multi-panel transmission. In this case, transmit power scaling may be needed be done within a panel.
To simplify discussions, down-selection may be needed to keep the most reasonable assumptions.
Proposal 9: Study the impacts of the coherent type and full power mode and specify the required improvements to support simultaneous multi-panel CB-based PUSCH. 

2.5 NCB based STxMP SDM PUSCH
Assuming that two SRS resource sets are configured for NCB-based STxMP, there are also several enhancements are needed on the configurations and indications of SRS resources/resource sets/ports and PUSCH layers/ports, which might be slightly different from CB-based PUSCH discussed in the last section. A brief summary is provided in the next table.
Table 5 Support NCB based STxMP SDM PUSCH
	Configuration/indication
	Rel-17 MTRP PUSCH TDM
	Rel-18 STxMP SDM

	SRS resource/resource set configuration
	same number of SRS resources in the two SRS resource sets;
	the number of SRS resources in the two SRS resource sets can be different;

	SRS resource indicator (SRI) in DCI
	two SRIs;
same number of layers for first and second SRS resource indicators;
1st SRI: ;
2nd SRI: 
	two SRIs are needed;
the number of layers for first and second SRS resource indicators can be different;
e.g.,
1st SRI: ;
2nd SRI: ;

	PUSCH layers 
	same number of layers for first and second SRS resource indicators;
one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 … ν-1};
	the number of layers for first and second SRS resource indicators can be different;
layer{0,…,v1-1}, corresponds to the first SRI;
layer {v1,…,v-1}, corresponds to the second SRI;

	PUSCH port
	same antenna port(s) as the SRS port(s) in the SRS resource indicated, where the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as ;
	SRS port in (j+1)-th SRS resource in the second SRS resource set is Pj = 1000 + NSRS,1 + j;



Similarly, it can be observed above that some restrictions might be not suitable to support simultaneous multi-panel transmissions and need to be removed, for example, 
· the number of SRS resources in the two SRS resource sets can be different, e.g.,  and 
· the number of layers for first and second SRS resource indicators can be different, therefore the bitwidth of the first and second SRI should be determined in a similar way;
· the maximum number of layers for PUSCH supported by different UE panels can be different e.g.,  and .
Furthermore, SRI fields in DCI may need further enhancements, especially for the second SRI field. For example, 
· 1st SRI can be designed with a bitwidth: ; 
· 2nd SRI can be designed in a similar way: ; in addition, since at least one layer is transmitted via the first panel, to further reduce the possible combinations, 2nd SRI can be designed as: 
Proposal 10: The number of SRS resources in the two SRS resource sets and the maximum number of layers for PUSCH per panel can be different depending on UE panel capability, and the number of layers corresponds to the two SRIs can be different. 
In current spec, PUSCH port(s) is the same antenna port(s) as the SRS port(s) in the SRS resource indicated, as shown in the above table. For NCB, the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as pi = 1000 + i. When STxMP is applied, and two SRS resource sets (for example, each with 2 of 1-port SRS resources for 2-port panel) are configured, the port number determination needs some update, since it may be impacted by the order of SRS source index across two SRS resource sets. For example, if SRS resources 0 and 1 are associated with SRS resource set 1, and SRS resources 2 and 3 are associated with SRS resource set 2, it is possible that 4-port PUSCH (SDM scheme) is transmitted via port 1000, 1001, 1002, 1003, which is not aligned with current spec.
To support the NCB STxMP PUSCH port determination, we can consider that PUSCH port(s) associated with the second SRS resource set is the same antenna port(s) as SRS port(s) in the SRS resource indicated, where SRS port in (j+1)-th SRS resource in the second SRS resource set is Pj = 1000 + NSRS,1 + j, where NSRS,1 is the number of resources in the first SRS resource set.
Proposal 11: For NCB STxMP SDM, PUSCH port(s) associated with the second SRS resource set is the same antenna port(s) as SRS port(s) in the SRS resource indicated, where SRS port in (j+1)-th SRS resource in the second SRS resource set is Pj = 1000 + NSRS,1 + j, and NSRS,1 is the number of resources in the first SRS resource set.

3 Conclusion
[bookmark: _GoBack]In this contribution, we provided our views on UL precoding indication for multi-panel transmission, and we have the following proposals:
Proposal 1: Support using UE capability value set to report panel information corresponds to simultaneous multi-panel.
Proposal 2: Support per-panel UE capability reporting on max layer information, e.g., maxNumberMIMO-LayersNonCB-PUSCH, maxRank, maxMIMO-Layers.
Proposal 3: For both CB and NCB based UL transmission, if two SRS resource sets are configured for STxMP, SRS resources in different SRS resource sets can be transmitted simultaneously. 
Proposal 4: Support to reuse SRS resource set indicator in DCI to dynamically switch between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission. 
Proposal 5: Determine max number of layers when switching to sTRP transmission based on per-panel UE capability reporting. 
Proposal 6: Support to extend SRS resource set indicator in DCI to dynamically switch between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme. 
Proposal 7: The nrofSRS-Ports for the two indicated SRS resources can be different depending on UE panel capability, and the number of layers indicated by two TPMIs can be different. 
Proposal 8: Support an offset for the SRS port(s) in the SRS resource in the second SRS resource set.
Proposal 9: Study the impacts of the coherent type and full power mode and specify the required improvements to support simultaneous multi-panel CB-based PUSCH. 
Proposal 10: The number of SRS resources in the two SRS resource sets and the maximum number of layers for PUSCH per panel can be different depending on UE panel capability, and the number of layers corresponds to the two SRIs can be different. 
Proposal 11: For NCB STxMP SDM, PUSCH port(s) associated with the second SRS resource set is the same antenna port(s) as SRS port(s) in the SRS resource indicated, where SRS port in (j+1)-th SRS resource in the second SRS resource set is Pj = 1000 + NSRS,1 + j, and NSRS,1 is the number of resources in the first SRS resource set.
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