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Introduction
In 3GPP RAN#94-e meeting, a new work item on MIMO evolution for downlink and uplink has been approved in [1]. As shown in below, the enhancement on simultaneous UL transmission across multi-panel to MTRP operation is one of the objectives for this WI:
	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


In this contribution, we present our views on UL precoding indication for multi-panel transmission in Rel-18.
Single DCI based SDM STxMP PUSCH
Overview on MP-UE architecture assumption
Generally, the architecture of multi-panel UE should be taken into consideration at first for STxMP PUSCH transmission, due to the configured and indicated parameters of the PUSCH transmission depends on the capability of antenna ports located in each panel, such as the number of antenna ports, the value of maximum rank, the coherence of antenna ports, the mode of UL full Tx power, etc. Note that the target multi-panel UE includes a variety of types (i.e. CPE, FWA, vehicle or industrial devices), it is feasible and also practical to implement different antenna ports between different panels. 
As shown in Fig.1, two panels of a multi-panel UE can be used for SDM STxMP PUSCH transmission, in which four antenna ports are located in panel 1 and two antenna ports are located in panel 2. Naturally, the maximum rank of PUSCH transmitted from a panel cannot be larger than the number of antenna ports in the panel. In additional, the maximum rank of PUSCH is determined by SDM STxMP PUSCH scheme itself. Therefore, the maximum rank of panel 1 is 4 when STRP scheme but it is mandatory to be 3 when SDM scheme (because of the layer combinations for SDM STxMP PUSCH transmission).
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Figure 1	The feasible MP-UE architecture assumption in case of SDM STxMP PUSCH transmission, in which dynamic switching between STRP and SDM is taken into consideration
In particular, it should be clear that the case of up to four antenna ports located in each panel (equivalent to 4Tx+4Tx located in two panels) does NOT precluded from the WID, especially in precoder indication. In this case, the indicated precoder corresponds to each panel is still in scope of the legacy TPMIs, hence no new codebook is introduced which is aligned with the WID. Besides, this case is fundamentally different from 8Tx UL transmission because two UL beams in total are used rather than only one for 8Tx UL scheme.
Observation 1: Independent capability of each panel of multi-panel UE is beneficial so that antenna port array in each panel can be different, which includes the number of antenna ports, the value of maximum rank, the coherence of antenna ports, the mode of UL full Tx power, etc.
Observation 2: The maximum rank can be different between STRP scheme and SDM scheme when taking dynamic switching between STRP and SDM schemes into consideration.
Observation 3: Up to four antenna ports can be located in each panel (equivalent to 4Tx+4Tx located in two panels), which does not deviate from the WID (i.e., no new codebook is introduced) and also is fundamentally different from 8Tx UL transmission (where only one UL beam is used instead of two).
SRS resource set configuration
Regarding the configuration of SRS resource set, the following agreement was endorsed in RAN1#110b-e meeting [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


Basically, the configuration of SRS resource set should be separately determined for CB PUSCH and NCB PUSCH due to distinct structures between these two schemes. More precisely, in the case of CB PUSCH, the configuration includes the number of SRS resources configured in SRS resource set and the number of SRS ports for an SRS resource. In the case of NCB PUSCH, the configuration only includes the number of SRS resources configured in SRS resource set. 
In generally, it is common understanding that the configuration of each SRS resource set is directly relevant to the panel capability, where the panel implementation flexibility and hetero-type should be accorded permission to guarantee a variety of multi-panel UE types as elaborated in Section 2.1. In other words, the configuration can be different between two SRS resource sets for CB PUSCH or NCB PUSCH. In the light of the above, two aspects need to be determined for SRS resource set configuration: i) the configuration of an SRS resource set for CB PUSCH or NCB PUSCH; ii) the configuration differentiation between two SRS resource sets. Consequently, these two aspects of SRS resource set configuration for CB PUSCH and NCB PUSCH are reached as follows:
· For CB PUSCH in SDM STxMP scheme, the number of SRS resources configured in an SRS resource set can be configured to 1 or 2 as legacy, and these two SRS resource sets can be configured with different number of SRS resources. Regarding the number of SRS resource ports for an SRS resource, it can be configured to 1, 2 or 4 as legacy. Furthermore, for SRS resources configured in an SRS resource set, the number of SRS ports is the same. For SRS resources configured in different SRS resource sets, the number of SRS ports can be different.
· For NCB PUSCH in SDM STxMP scheme, the number of SRS resources configured in an SRS resource set can be configured to 1, 2 or 4 as legacy. Furthermore, the first and second SRS resource sets can be configured with different number of SRS resources.
Proposal 1: For CB PUSCH in SDM STxMP scheme,
· Two SRS resource sets can be configured with different number of SRS resources.
· The number of SRS resources configured in an SRS resource set can be 1 or 2.
· For SRS resources configured in an SRS resource set, the number of SRS ports should be the same. For SRS resources configured in different SRS resource sets, the number of SRS ports can be different.
· The number of SRS ports for an SRS resource can be 1, 2 or 4.
Proposal 2: For NCB PUSCH in SDM STxMP scheme,
· Two SRS resource sets can be configured with different number of SRS resources.
· The number of SRS resources configured in an SRS resource set can be 1, 2 or 4.
TPMI/SRI indication
Regarding the first and second TPMI/SRI fields, the following related agreements were endorsed in RAN1#110b-e meeting [2] and RAN1#111 meeting [3].
	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
For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2:  Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS:  To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.


First of all, the association between two TPMI/SRI fields and two SRS resource sets should be determined. 
In Rel-17, both the first and second TPMI/SRI fields are used and then associated with the first and second SRS resource sets respectively when MTRP TDM scheme (for the case of TRP1-TRP2 order or TRP2-TRP1 order), but only the first TPMI/SRI field is used and associated with the first or second SRS resource set when STRP scheme (for the case of TRP1 or TRP2 only). It is worth noting that the indicated rank is mandatory to be the same when MTRP TDM PUSCH transmission. 
In contrast, different ranks can be indicated for the simultaneous PUSCH from two panels in Rel-18 SDM scheme due to the layer combinations, i.e., {1+2} and {2+1}. Besides, according to the discussion in section 2.1 and 2.2, the indicated rank of PUSCH associated with either one of two SRS resource sets can also be different for STRP scheme in Rel-18. Given that the rank of PUSCH is indicated by TPMI field in CB scheme and by SRI field in NCB scheme, it is proper to use the first and second TPMI/SRI fields to indicate precoder/rank of the PUSCH associated with the first and second SRS resource sets, respectively. Obviously, it can be implicit relation that the first and second SRS resource set are corresponding to the first and second panels that activated for PUSCH transmission respectively.
Consequently, the interpretation of each codepoint in SRS resource set indicator field should be aligned for the association of Rel-18 SDM STxMP PUSCH. Notably, only one status is needed to be indicated by SRS resource set indicator in SDM scheme due to no need to differentiate TRP orders for MTRP. The indication of the association between two TPMI/SRI fields and two SRS resource sets for SDM STxMP PUSCH in Rel-18 is illustrated in Fig. 2.
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Figure 2	The indication of the association between TPMI/SRI field and SRS resource set for SDM STxMP PUSCH in Rel-18
Proposal 3: For both CB and NCB based SDM STxMP PUSCH, the first and second TPMI/SRI fields are used for precoder/rank indication of the PUSCH associated with the first and second SRS resource sets, respectively.
Proposal 4: For both CB and NCB based SDM STxMP PUSCH, each codepoint in SRS resource set indicator field is interpreted as follows:
· Codepoint “00”: The first TPMI and SRI fields are associated with the first SRS resource set, the second TPMI and SRI fields are reserved.
· Codepoint “01”: The second TPMI and SRI fields are associated with the second SRS resource set, the first TPMI and SRI fields are reserved.
· Codepoint “10”: The first TPMI and SRI fields are associated with the first SRS resource set, the second TPMI and SRI fields are associated with the second SRS resource set.
· Codepoint “11”: Reserved.
On the determination of TPMI field, basically, it depends on the RRC configured parameters related to CB PUSCH, i.e., maxRank, nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission. Owing to the discrepancy of panel capability with regards to the multi-panel UE implementation, each of these RRC configured parameters can be configured with different values of PUSCH associated with the first and second SRS resource sets. In other words, it is needed to introduce the individual parameters of maxRank, nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission for the PUSCH associated with each SRS resource set.
In addition, note that dynamic switching between SDM scheme and STRP scheme is supported in Rel-18, it is worth clarifying whether these parameters need to be further configured separately in the case of SDM scheme and STRP scheme. For the PUSCH associated with an SRS resource set, the value of maxRank can be different in SDM scheme and STRP scheme, e.g., maxRank=2 when SDM scheme and maxRank=4 when STRP scheme. Nevertheless, it is sufficient to configure only one maxRank for an SRS resource set, because only one TPMI field is used for each SRS resource set and then shared by SDM scheme and STRP scheme. Accordingly, the value of maxRank is determined by the larger one between that of SDM scheme and STRP scheme, which can be foreseen by gNB configuration and then is entirely up to gNB implementation. With respect to the value of nrofSRS-Ports, codebookSubset and fullpowerMode, unless the practical use case can be identified, these parameters should be the same between SDM scheme and STRP scheme.
The above of the association between the configured parameters of CB PUSCH and its corresponding SRS resource set is depicted as in Fig. 3, where dynamic switching between SDM scheme and STRP operation is taken into account.
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Figure 3	The association between the configured parameters of CB PUSCH and its corresponding SRS resource set for SDM STxMP PUSCH in Rel-18
Proposal 5: For TPMI field of CB based SDM STxMP PUSCH, support to configure two individual parameters of maxRank, nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission correspoding to the first and second SRS resource sets, respectively.
· For an SRS resource set, the value of maxRank is determined by the larger one between that of SDM scheme and STRP scheme, which is up to gNB configuration/implementation.
On the determination of SRI field for NCB PUSCH, it depends on the RRC configured parameters NSRS and Lmax. For the parameter NSRS (a.k.a the number of SRS resources configured in an SRS resource set) it has already been discussed in section 2.2 that two individual parameters NSRS can be configured for the first and second SRS resource sets. For the parameter Lmax, it is essentially the same to the parameter maxRank of TPMI field for CB PUSCH. Therefore, it is natural to configure two individual parameters Lmax for the first and second SRS resource sets, where the value of each Lmax depends on the larger one between that of STRP scheme and SDM scheme and is up to gNB configuration/implementation only. Likewise, the association between the configured parameters of NCB PUSCH and its corresponding SRS resource set is depicted as in Fig. 4, where dynamic switching between SDM scheme and STRP operation is taken into account.
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Figure 4	The association between the configured parameters of NCB PUSCH and its corresponding SRS resource set for single DCI based SDM STxMP PUSCH in Rel-18
Proposal 6: For SRI field of NCB based SDM STxMP PUSCH, support to configure two individual parameters of NSRS and Lmax corresponding to the first and second SRS resource sets, respectively.
· For an SRS resource set, the value of Lmax determined by the larger one between that of SDM scheme and STRP scheme, which is up to gNB configuration/implementation.
On the determination of SRI field for CB PUSCH, it depends only on the number of SRS resources configured in the SRS resource set, which can be different as discussed in Section 2.2.
DMRS port indication
On DMRS port indication for single based SFN STxMP PUSCH, one agreement was reached in RAN1#111 meeting [3].
	Agreement
For SDM scheme single-DCI based STxMP transmission, when L1 and L2 layers are indicated/determined by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH respectively:
· The first L1 indicated DMRS ports correspond to the L1 layers indicated by the first TPMI or SRI field
· The remaining L2 indicated DMRS ports correspond to the L2 layers indicated by the second TMPI or SRI field
· Support at least one of the following options for indication of layer combination {1+2}:
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.
· Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.
· Option 3: For layer combination of {1+2}, the DMRS port in the CDM group with only one port is mapped to the SRI/TPMI field indicating one layer, and the DMRS ports in the CDM group with 2 ports are mapped to the SRI/TPMI field indicating 2 layers
· Other options are not precluded


The leftover issue of DMRS port indication for SDM STxMP PUSCH is about the layer combination {1+2} that DMRS ports associated with two SRS resource sets are allocated in different CDM groups. To this end, three options have been raised to address this issue in the last meeting, and the analysis of each are elaborated as follows:
· For option 1, introducing the new entry {0, 2, 3} is a straightforward way for this purpose, where DMRS port#0 in CDM group#0 is used for L1=1 which is indicated by the first TPMI/SRI field, and DMRS ports#2 and #3 in in CDM group#1 are used for L2=2 which is indicated by the second TPMI/SRI field. By comparison, the entry {2, 0, 1} is somehow similar to option 3, which is analyzed in option 3 below.
· For option 2, it is to utilize SRS resource set indicator to indicate the association between L1/L2 indicated by the first/second TPMI or SRI field and CDM group#0/1 with DMRS ports. As depicted in Fig. 5, for the case of layer combination {2+1}, codepoint “10” indicates L1=2 indicated by the first TPMI or SRI field is associated with CDM#1 with DMRS ports#0 and #1 and L2=1 indicated by the second TPMI or SRI field is associated with CDM#0 with DMRS port#2. For the case of layer combination {1+2}, codepoint “11” indicates L1=1 indicated by the first TPMI or SRI field is associated with CDM#0 with DMRS port#2 and L2=2 indicated by the second TPMI or SRI field is associated with CDM#1 with DMRS ports#0 and #1. However, it is intuitive that this association above is not needed to be indicated explicitly, due to the fact that it can be derived from the agreed rule that L1 and L2 indicated by the first and second TPMI/SRI fields. In spirit, option 2 is the same as option 3 that any explicit indication is somehow redundant and unnecessary.
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Figure 5	Utilizing SRS resource set indicator to indicate DMRS port indication of layer combination {1+2} for SDM STxMP PUSCH transmission 
· For option 3, it can be workable for DMRS port indication of layer combination {1+2}, which is the implicit way as analyzed in option 2. Moreover, the entry {2, 0, 1} is the part of option 3 because DMRS ports#0 and #1 within CDM group#0 is associated to L1 or L2=1, and DMRS port#2 within CDM group#1 is associated to L2or L1=2.
According to the elaboration above, either option 1 or option 3 can be adopted from technical point of view. Note that the entry {0, 2, 3} has been supported for Rel-16 SDM MTRP PDSCH transmission in the current specification, it is feasible to reuse the same way for Rel-18 SDM STxMP PUSCH.
Proposal 7: For DMRS port indication of layer combination {1+2} when single DCI based SDM STxMP PUSCH transmission, support to introduce a new entry {0, 2, 3} in DMRS port indication table (Option 1).
PTRS-DMRS association indication
On DMRS port indication for single DCI based SDM STxMP PUSCH transmissions, one agreement was reached in RAN1#110b-e meeting [2].
	Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, 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


For PTRS-DMRS association indication, it depends on the number of PTRS ports and DMRS ports within one panel. In other words, the association indication is only needed in case of the number of PTRS ports is less than the number of DMRS ports. If only one PTRS port across two panels is configured, the PTRS-DMRS association can be derived implicitly.
Given that the total number of PTRS ports across two panels is two, and if the MP-UE is equipped with individual oscillators of each panel, it is natural to allocate one PTRS port in one panel for tracking phase variations across the transmission duration. Furthermore, the association indication is related to the layer combination of two panels.
· For layer combination {1+1}, 1 PTRS port is associated with 1 DMRS port in each panel and then the association indication in this case is not needed.
· For layer combination {1+2, 2+1}, only the association of the panel transmitting PUSCH with two layers needs to be indicated, in which 1 PTRS port is associated with 1 out of 2 DMRS ports. Correspondingly, Table 7.3.1.1.2-25 or Table 7.3.1.1.2-25A in the TS 38.212 can be used in this case.
· For layer combination {2+2}, both the associations of two panels should be indicated, where 1 PTRS port is associated with 1 out of 2 DMRS ports in each panel, and Table 7.3.1.1.2-25A in the TS 38.212 can be used in this case.
Proposal 8: When two PTRS ports are configured for single DCI based SDM STxMP PUSCH scheme,
· For layer combination {1+1}, no indication is needed.
· For layer combinations {1+2, 2+1}, Table 7.3.1.1.2-25 or Table 7.3.1.1.2-25A in 38.212 is used for the association in which the number of DMRS ports is more than one.
· For layer combinations {2+2}, Table 7.3.1.1.2-25A is used. 
· For instance, the MSB of the PTRS-DMRS association field indicates the DMRS port associated with PTRS port 0 and the LSB of the PTRS-DMRS association field indicates the DMRS port associated with PTRS port 1.
The necessity of 2 CWs for SDM scheme
Basically, it is beneficial to support 2 CWs with individual MCS for different TRP-panel links to guarantee performance gain for SDM STxMP PUSCH transmission. According to our simulation results in [4], it can be observed: i) Broadly, both 1 CW SDM and 2 CWs SDM could provide higher throughput than panel selection scheme (as the items highlighted in green), especially for 95%-ile UE which obtain >70% UPT gain when low-load scenario, i.e., RU ~15%; ii) In both low-load and medium-load scenarios, 2 CWs SDM could always obtain perform gain. In contrast, 1 CW SDM causes performance loss in some cases, i.e. 5%-ile UEs and 50%-ile UEs; iii) Even in high-load scenario (i.e., RU ~80%), 2 CWs SDM could outperform over single-panel transmission, but 1 CW SDM cannot obtain performance gain anymore; iv) With the increase of RU, the performance gain of 1 CW SDM degrades more severely than 2 CWs SDM, and the gap of performance gain between 1 CW SDM and 2 CWs SDM becomes larger. That is because 2 CWs SDM could better match different channel propagation conditions than 1 CW SDM; v) Most of MP-UEs need to be scheduled with different MCSs when SDM based STxMP PUSCH transmission.
Observation 4: For SDM scheme based STxMP PUSCH transmission, the system level simulation results of 1 CW v.s. 2 CWs show that:
· In low-load and medium-load scenarios, 2 CWs SDM could always obtain performance gain. In contrast, 1 CW SDM causes performance loss in some cases, i.e. 5%-ile UEs and 50%-ile UEs.
· Even in high-load scenario (RU ~80%), 2 CWs SDM could outperform over single-panel transmission, but 1 CW cannot obtain performance gain anymore.
· With the increase of RU, the performance gain of 1 CW SDM degrades more severely than 2 CWs SDM, and the gap of performance gain between 1 CW SDM and 2 CWs SDM becomes larger.
· Most of MP-UEs need to be scheduled with different MCSs when SDM based STxMP PUSCH transmission.
In addition to the performance gain, the complexity of both UE implementation and NW deployment should be taken into consideration of supporting 1 CW and/or 2 CWs for SDM scheme based STxMP PUSCH transmission. From the UE perspective, it is intuitive the hardware requirement of 2 CWs SDM is higher than 1 CW SDM, where two independent Tx chains and sufficient physical space are needed. However, considering the target UEs are CPE/FWA/vehicle/industrial device rather than the handheld or wearable equipment, the complexity of UE implementation may not be such challenging. From the NW perspective, it is worthwhile to notice that traffic backhaul overload in 1 CW SDM case could be a huge challenge of the NW deployment. More precisely, due to 1 CW SDM scheme, the NW should receive two PUSCH transmissions from two TRPs completely at first and then demodulate/decoding the data combination jointly. When the amount of transmission data is pretty large in case of high-load traffic, the backhaul overload across two TRPs will be extremely huge, which is too much pressure for NW scheduling and may cause traffic delay by waiting to stop. By comparison, 2 CWs SDM could avoid such dilemma because it can process separate demodulation/decoding for each PUSCH reception, hence it does not require the backhaul delivery across two TRPs. In the light of above, it proves 2 CWs enabling is very critical to SDM scheme based STxMP PUSCH transmission to obtain performance gain and ease MTRP deployment complexity.
Proposal 9: Support 2 CWs for single DCI based STxMP PUSCH SDM scheme in Rel-18.
Single DCI based SFN STxMP PUSCH
Configuration on SFN PUSCH
Regarding the configuration of PUSCH transmission in single DCI based SFN STxMP scheme, the following agreements were endorsed in RAN1#111 meeting [3].
	Agreement
For the SFN scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Number of SRS resources of SRS resource set, and number of SRS ports of SRS resource 
· The DCI indicates two SRI fields and TPMI fields for SFN transmission, 
· On the indication of number of layers for CB and NCB PUSCH:
· Alt1: Similar to rel-17 mTRP TDM scheme, the number of layers is indicated by the first SRI field (for NCB PUSCH) or the first TPMI field (for CB PUSCH)
Agreement
· Support DCI-based dynamic switching between SFN scheme of single-DCI based STxMP PUSCH and sTRP transmission
· The DCI field “SRS resource set indicator” is used to indicate the switching between SFN scheme and sTRP transmission. 
· (Conclusion) There is no consensus to support DCI-based dynamic switching between SFN scheme and SDM scheme


In SFN STxMP scheme, all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously. By instinct, Rel-18 SFN STxMP scheme is quite similar to Rel-17 MTRP TDM PUSCH repetition. For the common part of these two schemes, two PUSCH repetitions are transmitted with the same DMRS ports, the same number of transmission layers, but two independent precoders/beams. For the different part, two PUSCH repetitions are transmitted simultaneously when SFN STxMP scheme but in different occasions when TDM scheme. Therefore, the configuration of two SRS resource sets for SDM scheme can be the same to that of TDM scheme in principle. Besides, the number of SRS ports for SRS resources configured in different SRS resource sets when CB scheme and the number of SRS resources configured in different SRS resource sets when NCB scheme (which is related to the number of antenna ports allocated in each panel) can be different, due to the possibility of asymmetric panel capability for multi-panel UE implementation as discussed in section 2.1.
Proposal 10: For CB PUSCH in SFN STxMP scheme,
· Two SRS resource sets are configured with the same number of SRS resources.
· The number of SRS resources configured in an SRS resource set can be 1 or 2.
· For SRS resources configured in an SRS resource set, the number of SRS ports is the same. For SRS resources configured in different SRS resource sets, the number of SRS ports can be the different.
· The number of SRS ports for an SRS resource can be 1, 2 or 4.
Proposal 11: For NCB PUSCH in SFN STxMP scheme,
· Two SRS resource sets can be configured with different number of SRS resources.
· The number of SRS resources configured in an SRS resource set can be 1, 2 or 4.
Especially, the value of maxRank should be further clarified. As stated in WID that “The total number of layers is up to four across all panels... ”, then up to 2-layer PUSCH can be transmitted from each panel when SFN STxMP scheme. One issue is how to determine the value of maxRank in this case? E.g., maxRank=2 or 4. Note that two PUSCH repetitions with totally the same content are transmitted in SFN scheme and the definition of maxRank is for PUSCH transmission itself, it should be maxRank=2 for the example above. In conclusion, the maxRank of SFN STxMP PUSCH can be configured as 1 or 2 on top of the layer combinations {1+1} and {2+2}.
Observation 5: The value of maxRank in SFN STxMP PUSCH scheme should be 1 or 2.
Besides, it is worth clarifying whether the second maxRank should be introduced for SFN STxMP PUSCH scheme. In the last meeting, it was endorsed to support dynamic switching between SFN scheme and STRP operation, and the indication of layer number for both CB PUSCH and NCB PUSCH is the same to Rel-17 MTRP TDM scheme. For an example, the following Fig. 7 illustrates the association between TPMI/SRI field, SRS resource set and the configuration of transmission related parameters in CB scheme.
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Figure 7  The association between the configured parameters of CB PUSCH and its corresponding SRS resource set for single DCI based SFN STxMP PUSCH in Rel-18
Regarding the determination of the first and second TPMI fields, it can be found that:
· The first TPMI field is determined by the largest one between that of the maxRank1 in case of TRP 1 only, maxRank2 in case of TRP 2 only and maxRank1 in case of SFN STxMP PUSCH. Even though the values of these three maxRank can be different, the largest value can be determined by gNB configuration only. 
· The second TPMI field is determined by the maxRank2 in case of SFN STxMP PUSCH only. Although the second TPMI field is also determined by the maximum number of TPMIs per rank among all ranks associated with the first TPMI field, nevertheless, the value of maxRank2 can be different from this maximum number. For example, the maxRank of the first TPMI field is configured to 2, it is intuitive that TPMIs indicated by the second TPMI field include both TPMIs in case of rank=1 and TPMIs in case of rank=2. However, if the maxRank2=1, only TPMIs in case of rank=1 can be indicated by the second TPMI.
In light of the above, the second maxRank of the second TPMI field should be introduced. Similarly, for the case of NCB PUSCH, the second Lmax of the second SRI field should also be introduced.
Proposal 12: For CB based SFN STxMP PUSCH, support to introduce a second maxRank which associated to the second TPMI field.
Proposal 13: For NCB based SFN STxMP PUSCH, support to introduce a second Lmax which associated to the second SRI field.
DMRS port indication
It should be clarified that the number of DMRS ports for single DCI based SFN STxMP PUSCH can be 1 or 2, because all of the same layers/DMRS ports of one PUSCH are transmitted. It is somehow equivalent to the maximum number of transmission layers. Consequently, the leftover issue is whether to support allocating the indicated two DMRS ports in the same or different CDM groups. Basically, it is relative to Tx-chain/capability and the synchronization assumption of DMRS ports across two panels. If DMRS ports across two panels can be ideally synchronized, the demodulation of DMRS will not be impacted by the interference across different layers even in case of the same CDM group. If the ideal synchronization of DMRS ports across two panels cannot be guaranteed due to the Tx-chain/ panel architecture, the reception quality of DMRS will be degraded by the interference, hence DMRS ports of two panels should be allocated in different CDM groups. In terms of the target types of MP-UE (e.g., CPE/FWA/vehicle/industrial devices), both the same CDM group and the different CDM groups should be supported for DMRS ports allocation for the sake of the diversity of MP-UE types.
Proposal 14: For single DCI based SFN STxMP PUSCH scheme, support that DMRS ports associated with two TPMI/SRI fields can be in the same or different CDM groups.
Regarding the DMRS port indication of single DCI based SFN STxMP PUSCH scheme, the DMRS indication tables of rank=1 and rank=2 in the current specification can be completely used. Accordingly, no new entry is needed to be introduced.
Observation 6: For DMRS port indication of single DCI based SFN STxMP PUSCH scheme, the DMRS indication tables of rank=1 and rank=2 in the current specification can be reused.
PTRS-DMRS association indication
Note that the number of DMRS ports is 1 or 2 when single DCI based SFN STxMP PUSCH scheme, only the case that 1 PTRS port and 2 DMRS ports are configured needs to be indicated, where 1 PTRS port is associated with 1 out of 2 DMRS ports. Accordingly, Table 7.3.1.1.2-25 in the TS 38.212 can be used in this case. For other cases, it can be derived from the configuration in RRC signaling.
Observation 7: For PTRS-DMRS port association indication of single DCI based SFN STxMP PUSCH scheme, only the case that 1 PTRS port and 2 DMRS ports are configured needs to be indicated, and the Table 7.3.1.1.2-25 in the TS 38.212 can be reused in this case.
Multi-DCI based STxMP PUSCH+PUSCH transmission
For multi-DCI based STxMP PUSCH+PUSCH transmission, two agreements were reached in RAN1#110b-e meeting [2].
	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
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


Regarding the number of PUSCH layers in MDCI based STxMP PUSCH+PUSCH transmissions scheme, to avoid any ambiguity, it should be distinct as the indicated number and the configured number. Then:
· For the indicated number of PUSCH layers, note that up to four layers across two panels can be transmitted, the layer combinations include {1+1, 1+2, 2+1, 2+2, 1+3, 3+1} in principle. However, given that non-ideal backhaul assumption of MDCI based MTRP operation, the cases of layer combination {1+3} and {3+1} may lead to the maximum layers across two panels being overloaded. For example, it is possible in non-ideal backhaul scenario that 3-layer PUSCH 1 is scheduled by DCI 1 and 2/3-layer PUSCH 2 is scheduled by DCI 2 in this case, which means the number of PUSCH layers across two panels in total surpass 4, which deviates from the WID statement. To avoid this issue, it is beneficial to limit that the number of layers of each of the two STxMP PUSCHs is up to 2.
· For the configured maximum number of PUSCH layers, it should be the same as the legacy that can be up to 4, due to the dynamic switching between Rel-18 STxMP PUSCH+PUSCH and the legacy non-STxMP PUSCH should be taken into consideration. Wherein, up to 4-layer PUSCH can be transmitted in both MDCI based MTRP PUSCH TDM scheme and STRP PUSCH scheme. Otherwise, the gNB has to reconfigure the RRC parameter, which may negatively impact the scheduling flexibility and also cause unnecessary latency increasing. 
Proposal 15: For the number of PUSCH layers in MDCI based STxMP PUSCH+PUSCH transmissions, support that the indicated number of layers of each PUSCH is up to 2, but the configured maximum number of layers of each PUSCH is up to 4 (which can be separately configured for each SRS resource set).
Regarding the configuration of two SRS resource sets in MDCI based STxMP PUSCH+PUSCH transmission, basically, it is related to the distinct panel capability and also the independent transmission of each PUSCH that scheduled by each DCI from each TRP. Therefore, each transmission parameter can be configured/indicated respectively between two SRS resource sets for both CB PUSCH and NCB PUSCH. E.g., the number of SRS resources in an SRS resource set, the number of SRS ports, maxRank, nrofSRS-Ports, codebookSubset, fullpowerMode, etc.
Proposal 16: For the configuration of two SRS resource sets in MDCI based STxMP PUSCH+PUSCH transmissions, support to configure and indicate individual transmission parameters of each PUSCH. 
Conclusion
In this contribution, we provide our views on simultaneous UL transmission across multi-panel to MTRP in Rel-18. We have the following observations and proposals:
Observation 1: Independent capability of each panel of multi-panel UE is beneficial so that antenna port array in each panel can be different, which includes the number of antenna ports, the value of maximum rank, the coherence of antenna ports, the mode of UL full Tx power, etc.
Observation 2: The maximum rank can be different between STRP scheme and SDM scheme when taking dynamic switching between STRP and SDM schemes into consideration.
Observation 3: Up to four antenna ports can be located in each panel (equivalent to 4Tx+4Tx located in two panels), which does not deviate from the WID (i.e., no new codebook is introduced) and also is fundamentally different from 8Tx UL transmission (where only one UL beam is used instead of two).
Observation 4: For SDM scheme based STxMP PUSCH transmission, the system level simulation results of 1 CW v.s. 2 CWs show that:
· In low-load and medium-load scenarios, 2 CWs SDM could always obtain performance gain. In contrast, 1 CW SDM causes performance loss in some cases, i.e. 5%-ile UEs and 50%-ile UEs.
· Even in high-load scenario (RU ~80%), 2 CWs SDM could outperform over single-panel transmission, but 1 CW cannot obtain performance gain anymore.
· With the increase of RU, the performance gain of 1 CW SDM degrades more severely than 2 CWs SDM, and the gap of performance gain between 1 CW SDM and 2 CWs SDM becomes larger.
· Most of MP-UEs need to be scheduled with different MCSs when SDM based STxMP PUSCH transmission.
Observation 5: The value of maxRank in SFN STxMP PUSCH scheme should be 1 or 2.
Observation 6: For DMRS port indication of single DCI based SFN STxMP PUSCH scheme, the DMRS indication tables of rank=1 and rank=2 in the current specification can be reused.
Observation 7: For PTRS-DMRS port association indication of single DCI based SFN STxMP PUSCH scheme, only the case that 1 PTRS port and 2 DMRS ports are configured needs to be indicated, and the Table 7.3.1.1.2-25 in the TS 38.212 can be reused in this case.
Proposal 1: For CB PUSCH in SDM STxMP scheme,
· Two SRS resource sets can be configured with different number of SRS resources.
· The number of SRS resources configured in an SRS resource set can be 1 or 2.
· For SRS resources configured in an SRS resource set, the number of SRS ports is the same. For SRS resources configured in different SRS resource sets, the number of SRS ports can be different.
· The number of SRS ports for an SRS resource can be 1, 2 or 4.
Proposal 2: For NCB PUSCH in SDM STxMP scheme,
· Two SRS resource sets can be configured with different number of SRS resources.
· The number of SRS resources configured in an SRS resource set can be 1, 2 or 4.
Proposal 3: For both CB and NCB based SDM STxMP PUSCH, the first and second TPMI/SRI fields are used for precoder/rank indication of the PUSCH associated with the first and second SRS resource sets, respectively.
Proposal 4: For both CB and NCB based SDM STxMP PUSCH, each codepoint in SRS resource set indicator field is interpreted as follows:
· Codepoint “00”: The first TPMI and SRI fields are associated with the first SRS resource set, the second TPMI and SRI fields are reserved.
· Codepoint “01”: The second TPMI and SRI fields are associated with the second SRS resource set, the first TPMI and SRI fields are reserved.
· Codepoint “10”: The first TPMI and SRI fields are associated with the first SRS resource set, the second TPMI and SRI fields are associated with the second SRS resource set.
· Codepoint “11”: Reserved.	
Proposal 5: For TPMI field of CB based SDM STxMP PUSCH, support to configure two individual parameters of maxRank, nrofSRS-Ports, codebookSubset and ul-FullPowerTransmission correspoding to the first and second SRS resource sets, respectively.
· For an SRS resource set, the value of maxRank is determined by the larger one between that of SDM scheme and STRP scheme, which is up to gNB configuration/implementation.
Proposal 6: For SRI field of NCB based SDM STxMP PUSCH, support to configure two individual parameters of NSRS and Lmax corresponding to the first and second SRS resource sets, respectively.
· For an SRS resource set, the value of Lmax determined by the larger one between that of SDM scheme and STRP scheme, which is up to gNB configuration/implementation.
Proposal 7: For DMRS port indication of layer combination {1+2} when single DCI based SDM STxMP PUSCH transmission, support to introduce a new entry {0, 2, 3} in DMRS port indication table (Option 1).
Proposal 8: When two PTRS ports are configured for single DCI based SDM STxMP PUSCH scheme,
· For layer combination {1+1}, no indication is needed.
· For layer combinations {1+2, 2+1}, Table 7.3.1.1.2-25 or Table 7.3.1.1.2-25A in 38.212 is used for the association in which the number of DMRS ports is more than one.
· For layer combinations {2+2}, Table 7.3.1.1.2-25A is used. 
· For instance, the MSB of the PTRS-DMRS association field indicates the DMRS port associated with PTRS port 0 and the LSB of the PTRS-DMRS association field indicates the DMRS port associated with PTRS port 1.
Proposal 9: Support 2 CWs for single DCI based STxMP PUSCH SDM scheme in Rel-18.
Proposal 10: For CB PUSCH in SFN STxMP scheme,
· Two SRS resource sets are configured with the same number of SRS resources.
· The number of SRS resources configured in an SRS resource set can be 1 or 2.
· For SRS resources configured in an SRS resource set, the number of SRS ports is the same. For SRS resources configured in different SRS resource sets, the number of SRS ports can be the different.
· The number of SRS ports for an SRS resource can be 1, 2 or 4.
Proposal 11: For NCB PUSCH in SFN STxMP scheme,
· Two SRS resource sets can be configured with different number of SRS resources.
· The number of SRS resources configured in an SRS resource set can be 1, 2 or 4.
Proposal 12: For CB based SFN STxMP PUSCH, support to introduce a second maxRank which associated to the second TPMI field.
Proposal 13: For NCB based SFN STxMP PUSCH, support to introduce a second Lmax which associated to the second SRI field.
Proposal 12: For CB based SFN STxMP PUSCH, support to introduce a second maxRank which associated to the second TPMI field.
Proposal 13: For NCB based SFN STxMP PUSCH, support to introduce a second Lmax which associated to the second SRI field.
Proposal 14: For single DCI based SFN STxMP PUSCH scheme, support that DMRS ports associated with two TPMI/SRI fields can be in the same or different CDM groups.
Proposal 15: For the number of PUSCH layers in MDCI based STxMP PUSCH+PUSCH transmissions, support that the indicated number of layers of each PUSCH is up to 2, but the configured maximum number of layers of each PUSCH is up to 4 (which can be separately configured for each SRS resource set).
Proposal 16: For the configuration of two SRS resource sets in MDCI based STxMP PUSCH+PUSCH transmissions, support to configure and indicate individual transmission parameters of each PUSCH. 
[bookmark: _Ref446511358][bookmark: _Ref446506608][bookmark: _Ref446507216]References
RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung (Moderator)
Chair's Notes RAN1#110b-e v16, Oct 10th-19th, 2022, 3GPP RAN1
[bookmark: _GoBack]Chair's Notes RAN1#111, November 14th-18th, 2022, 3GPP RAN1
R1-2210940, Enhancements on UL precoding indication for multi-panel transmission, ZTE
Chair's Notes RAN1#110, Aug 22th-26th, 2022, 3GPP RAN1




image3.png
— 1 T T T T [ Negsl
15t TPMI/SRI field J«—+{ 1t SRS resource set Jo—! TRP1 o] PUSCH1 Je—! panel1 ||,

Lmax1

codepoint “00’ MP-UE

(STRP, TRP1 only)
9 R 8 & & N N5K52
R R AR R R A

%

RN [t
NN NN Lmaxt
codepoint “01”
(STRP, TRP2 only) MP-UE
———— Negs2
2nd TPMI/SRI field 2nd SRS resource set <—>:_ IFE’E I PUSCH 2 L p_an_el_2_| L:sz
- Mgt [ETTT [ Nl
1st TPMI/SRI field 1st SRS resource set TRP1 | PUSCH 1 panel 1 | Lmaxl
codepoint “10”
(SDM, TRP1&TRP2) MP-UE
Neas2
2nd TPMI/SRI field [«—{ 2nd SRS resource set PUSCH 2 <—+:_ panel2 |- ™

Note: codepoint “11” is reserved




image4.png
codepoint “10”
SDM with {1+2}

codepoint “11”
SDM with {2+1}

1st TPMI/SRI field

PUSCH 1

2nd TPMI/SRI field

PUSCH 2

1st TPMI/SRI field

PUSCH 1

2nd TPMI/SRI field

PUSCH 2

CDM group#0
(DMRS ports0, #1)

CDM group#1
(DMRs port#2)

CDM group#0
(DMRS ports0, #1)

CDM group#1
(DMRS port#2)





image5.png
codepoint “00”
(STRP, TRP1 only)

codepoint “01”
(STRP, TRP2 only)

codepoint “10”
(SFN, TRP1&TRP2)

1st TPMI/SRI field

(

PUSCH 1

] panel 1

MP-UE

A\

et

2nd TPMI/SRI fiel 2nd SRS resource set

PUSCH 2

1st TPMI/SRI field

2nd TPMI/SRI field

4—-| 2nd SRS resource set

PUSCH 1 | panel 1
MP-UE
PUSCH 2 panel 2 |

|4-u‘L TRP2 |

Note: codepoint “11” is reserved

maxRank1

nrofSRS-Ports1
codebookSubset1
ul-FullPowerTransmission
maxRank2

nrofSRS-Ports2
codebookSubset2
ul-FullPowerTransmission2

maxRank1

nrofSRS-Ports1
codebookSubset1
ul-FullPowerTransmission1
maxRank2

nrofSRS-Ports2
codebookSubset2
ul-FullPowerTransmission2

maxRank1

nrofSRS-Ports1
codebookSubset1
ul-FullPowerTransmission1
maxRank2

nrofSRS-Ports2
codebookSubset2
ul-FullPowerTransmission2




image1.png
MP-UE

TRP 1





image2.png
codepoint “00”
(STRP, TRP1 only)

codepoint “01”
(STRP, TRP2 only)

codepoint “10”
(SDM, TRP1&TRP2)

1st TPMI/SRI field

PUSCH 1

N

NARRN

AR

2nd TPMI/SRI field

i
4—-[ 2nd SRS resource set ]-4 TRP2 e

PUSCH 2

1st TPMI/SRI field

PUSCH 1

JS— .
|1 panel 1 |

2nd TPMI/SRI field

MP-UE

«—[anSRSrsourceset | TRP2 fes|

PUSCH 2

Note: codepoint “11” is reserved

|

(

maxRank1
nrofSRs-Ports1
codebooksubset1
ul-FullPowerTransmission1
maxRank2

nrofSRs-Ports2
codebooksubset2
ul-FullPowerTransmission2

maxRank1
nrofSRs-Ports1
codebooksubset1
ul-FullPowerTransmission1
maxRank2

nrofsRS-Ports2
codebooksubset2
ul-FullPowerTransmission2

maxRank1
nrofSRs-Ports1
codebooksubset
ul-FullPowerTransmission1
maxRank2

nrofSRs-Ports2
codebooksubset2
ul-FullPowerTransmission2




