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Introduction
The Rel.18 WID [1] includes the following objectives regarding the uplink precoding indication for STxMP (simultaneous transmission with multi-panel).
	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.



This contribution provides Samsung’s view regarding the UL precoding indication for STxMP. 

Potential enhancement
1.1 Support sDCI based STx2P for mTRP and sTRP
In the previous RAN1#110b-e meeting, the following was agreed [2]. 
	Agreement
Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18




Based on the agreement in the previous RAN1#110b-e meeting, sDCI based mTRP SFN scheme for STx2P PUSCH transmission can be supported. This scheme can be used to transmit same data toward two TRPs as depicted in Figure 1 (a). On the other hand, we can also consider sTRP transmission via two panels to achieve the gain from using all antenna ports across two panels. If two panels are located in the same plane and boresights for two panels are pointing to the same direction, as shown in Figure 1 (b), sTRP STx2P can be supported and it can be beneficial for the coverage enhancement by exploiting the diversity gain from all antenna ports and the power gain (if per-panel max power is available). To increase coverage, the layer(s) for PUSCH can be transmitted toward single TRP by two panels and the SFN based scheme can be an option to support sTRP STx2P. The SFN transmission scheme can operate based on a pair of SRS resources (one resource for each panel) and one joint precoder across two panels can be applied (more details for sTRP SFN STx2P are provided in the next issue for SRI/TPMI indication). Therefore, we propose to support sDCI based sTRP STx2P and support sDCI based sTRP SFN scheme for STx2P PUSCH transmission.
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Figure 1. Example for sDCI based SFN schemes for STx2P PUSCH transmission
Proposal 1: Support sDCI based sTRP STx2P and support sDCI based sTRP SFN scheme for STx2P PUSCH transmission to increase reliability, coverage, and potentially throughput gains

	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.

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

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




As the first and second agreement in above table, RAN1 will support dynamic switching between sDCI based SDM STx2P PUSCH and sTRP transmission and also can support dynamic switching between sDCI based SFN STx2P PUSCH and sTRP transmission [3]. For each dynamic switching, ‘SRS resource set indicator’ will be reused. In our understanding, SRS resource set indicator can indicate following examples because dynamic switching between SDM and SFN is not supported:
· If sDCI based SDM STx2P is supported (sDCI based SFN STx2P is not supported),
· ‘00’ for SRS resource set indicator can indicate sTRP transmission (considering first SRS resource set)
· ‘01’ for SRS resource set indicator can indicate sTRP transmission (considering second SRS resource set)
· ‘10’ and/or ‘11’ for SRS resource set indicator can indicate mTRP SDM STx2P (considering first and second SRS resource set)
· If sDCI based SFN STx2P is supported (sDCI based SDM STx2P is not supported),
· ‘00’ for SRS resource set indicator can indicate sTRP transmission (considering first SRS resource set)
· ‘01’ for SRS resource set indicator can indicate sTRP transmission (considering second SRS resource set)
· ‘10’ for SRS resource set indicator can indicate mTRP SFN STx2P (considering first and second SRS resource set)
· (FFS)‘11’ for SRS resource set indicator is reserved

In addition to above cases, we can consider following indication because only RRC based switching between TDM scheme and SDM STx2P is supported (or dynamic switching based on other than SRS resource set indicator is supported, e.g. # of repetitions):
· If sDCI based TDM repetition (based on unified TCI) is supported,
· ‘00’ for SRS resource set indicator can indicate sTRP transmission (considering first SRS resource set)
· ‘01’ for SRS resource set indicator can indicate sTRP transmission (considering second SRS resource set)
· ‘10’ and ‘11’ for SRS resource set indicator can indicate mTRP TDM repetition (considering first and second SRS resource set)

Like above three different cases for dynamic switching, we can reuse SRS resource set indicator for switching between sTRP UL transmission and mTRP UL transmission (one scheme among sDCI based TDM repetition, SDM and SFN is configured in RRC). 
Proposal 2: Switching between sTRP UL transmission or mTRP UL transmission can be indicated by: 
· Reusing SRS resource set indicator
· If SRS resource set indicator indicates mTRP transmission, sDCI based mTRP transmission (including mTRP TDM repetition, mTRP SDM and mTRP SFN) is scheduled based on two SRS resource sets
· If SRS resource set indicator indicates sTRP transmissions, sDCI based sTRP transmission (including sTRP UL transmission with or without panel selection, sTRP SFN) is scheduled based on two SRS resource sets

1.2 SRS configuration for sDCI based SDM STx2P 
In the previous meeting, RAN1 made following agreements to support sDCI based SDM and SFN STx2P schemes [2] [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 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)




According the agreements, two SRS resource sets can be configured to support both sDCI based SDM STx2P and SFN STx2P. To design further configuration on SRS resources in two SRS resource set, we need to consider whether to support asymmetric panel or not. We can think three aspects for panel capability: 1) maximum number of supported ports and layers, 2) supported full power mode (for only CB) and 3) supported antenna coherency. Among three panel capabilities, 1) and 2) can affect configuration on SRS resource and 3) can be associated with determination of TPMI field for CB based PUSCH. If both panel cannot have same panel capability 1) and/or 2), first approach is to support STx2P with asymmetric panels and second approach is to support STx2P assuming symmetric panels according to the less capable panel (less number of supported layers and only full power mode(s) which can be supported via both panels). If RAN1 would allow to support asymmetric panel structure for Rel-18 STx2P, SRS resources in two SRS resource sets can be configured as following:
· For CB based PUSCH,
· The number of SRS resources in each SRS resource set can be different because two panels can have different capabilities on FPTX
· Two indicated SRS resources for SDM STx2P can have different number of ports because two panels can have different number of ports
· For NCB based PUSCH
· The number of SRS resources in each SRS resource set can be different because two panels can have different number of ports
To support asymmetric panels, we also consider whether to support dynamic switching between sDCI based SDM STx2P and TDM repetition. In Rel-17, we can support two SRS resource sets with the same number of SRS resources for both CB and NCB. If we support dynamic switching between sDCI based SDM STx2P and TDM repetition, first method is that same restriction can be introduced for SDM STx2P or second method is that existing restriction for TDM repletion can be loosen in Rel-18. If we don’t support dynamic switching between sDCI based SDM STx2P and TDM repetition (only RRC based switching), such Rel-17 restriction on SRS resource configuration may be not required. In our view, dynamic switching between SDM STx2P and TDM repetition is not necessary because SDM STx2P scheme is useful to increase throughput when the channel condition is good, on the other hand, TDM repetition scheme is for reliability when the blockage exists or channel condition is not good. With similar reason, RAN1 could not make consensus on dynamic switching between SDM STx2P and SFN STx2P. 
We think asymmetric panel structure can be considered because of flexible and cost-effective UE design. Therefore, we propose to support above SRS resource configurations for sDCI based SDM STx2P scheme considering panels with different capabilities.
Proposal 3: Support following SRS resource configurations for sDCI based SDM STx2P scheme considering panels with different capabilities:
· For CB based PUSCH,
· The number of SRS resources in each SRS resource set can be different because two panels can have different capabilities on FPTX
· Two indicated SRS resources for SDM STx2P can have different number of ports because two panels can have different number of ports
· For NCB based PUSCH
· The number of SRS resources in each SRS resource set can be different because two panels can have different number of ports

1.3 Configuration of maximum number of layers for sDCI based SDM STx2P
In the previous meeting, RAN1 agreed to support dynamic switching between sDCI based SDM STx2P and sTRP transmission and made several options and alternatives to determine the maximal number of layers for both SDM STx2P and sTRP transmission [3]:
	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.




We prefer to support option1 to determine maxRank (or Lmax) for sTRP transmission. In our understanding, same methodology as Rel-17 panel selection scheme can be applied for determination of maxRank (or Lmax) for sTRP transmission. Only one maxRank (or Lmax) can be configured and if the maximum number of supported layers is different per panel due to asymmetric panel structure, beam reporting with UE capability index in Rel-17 can be useful and NW can schedule PUSCH considering max number of supported SRS ports for the beam. For example, we assume that panel 1 can support up to 4 layers with 4 ports and panel 2 can support up to 2 layers with 2 ports. If UE would receive/transmit beam 1 via panel 1 and beam 2 via panel 2, UE can report beam1 with UE capability index to indicate max 4 supported SRS ports and beam 2 with UE capability index to indicate max 2 supported SRS ports. In this case, NW can schedule PUSCH with up to 4 layers based on beam 1 or PUSCH with up to 2 layers based on beam 2 due to beam reporting with UE capability index even though maxRank for sTRP transmission is configured as ‘4’. Therefore, the second maxRank (or Lmax) for sTRP transmission with second panel (or second SRS resource set) is not necessary to support sTRP transmission. 
To support sDCI based SDM STx2P, the maximum supported number of layers for each SRS resource set is needed to determine the bitwidth of two SRI/TPMI fields. RAN1 discussed this issue and several alternatives were listed as the above agreement. To decide one of alternatives, we need to consider whether to support asymmetric panel structure and how to make design for two SRI/TPMI fields for sDCI based SDM STx2P. 
First of all, our preference is Alt2 because separate maxRank (or Lmax) for each SRS resource set is clear and simple to design SRI/TPMI field(s). Regardless of any panel structure (symmetric or asymmetric), the configured separate maxRank (or Lmax) can be used to determine the first and second SRI/TPMI field clearly. Based on Alt2, total 3 RRC parameters for maxRank (or Lmax) could be configured as follow: 
· 1) legacy maxRank (or Lmax) for sTRP UL transmission, 
· 2) new maxRank (or Lmax) associated with the first SRS resource set for SDM, 
· 3) new maxRank (or Lmax) association with the second SRS resource set for SDM. 
It requires to configure one additional maxRank parameter comparing with Alt1 or Alt4 and this one additional RRC parameter seems not burden to both NW and UE. For Alt1 or Alt1a, if asymmetric panels are supported, the ambiguity can occur. This is because one maxRank (or Lmax) value is shared and gNB cannot know the UE’s panel information for simultaneous transmission. To solve this problem, other enhancement (e.g. beam reporting) may be necessary. 
In addition, for the bitwidth of TPMI/SRI, Alt2 can save bit(s) comparing other alternatives. For example, when CB based PUSCH is supported with SDM scheme and UE have panel 1 that can support up to 2 layers with 2 ports and panel 2 that can support 1 layer with 1 port. For Alt1, bitwidth for both TPMI fields is determined based on one maxRank=2 for SDM. However, for Alt2, only bitwidth of first TPMI field is determined based on first maxRank=2 and bitwidth of second TPMI field is determined based on second maxRank=1 (as a result, there is no bit for second TPMI field). 
To make clear design and save bit(s) for SRI/TPMI, we prefer to support Alt2.
Proposal 4: For sTRP transmission, support Option1 (one maxRank or Lmax in current spec). For SDM transmission, support Alt2 (configure separate maxRank or Lmax per SRS resource set) for clear design and efficient bitwidth for SRI/TPMI.

1.4 Study on SRI/TPMI indication for sDCI based SDM STx2P
For SRI/TPMI field design, we need to consider the number of SRS resources in each SRS resource set (both CB and NCB for SRI), maxRank or Lmax for both sTRP and SDM (maxRank for TPMI of CB PUSCH, Lmax for SRI of NCB PUSCH), and coherence capabilities (only for TPMI of CB PUSCH). In addition, we should consider dynamic switching between sTRP and SDM STx2P. Based on those configuration and schemes, we can consider following approaches:
· 1) First SRI/TPMI field which is can be used for sTRP and SDM that is associated with the first SRS resource set + second SRI/TPMI field which can be used for SDM that is associated with the second SRS resource set
· Bitwidth of first SRI/TPMI field is determined as maximum of {bitwidth of SRI/TPMI field for sTRP transmission (considering maxRank (or Lmax) and  coherence capability), bitwidth of SRI/TPMI field for SDM with the first SRS resource set (considering new maxRank for the first SRS resource set (or new Lmax) and coherence capability related to the first SRS resource set)} 
· Bitwidth of second SRI/TPMI field is determined as bitwidth of SRI/TPMI field for SDM with the second SRS resource set (considering new maxRank for the second SRS resource set (or new Lmax) and coherence capability related to the second SRS resource set)
· 2) First SRI/TPMI field which is can be used for SDM that is associated with the first SRS resource set + second SRI/TPMI field which can be used for SDM that is associated with the second SRS resource set  (+ padded zero if needed)
· Bitwidth of first SRI/TPMI field is determined as bitwidth of SRI/TPMI field for SDM with the first SRS resource set (considering new maxRank for the first SRS resource set (or new Lmax) and coherence capability related to the first SRS resource set)
· Bitwidth of second SRI/TPMI field is determined as bitwidth of SRI/TPMI field for SDM with the second SRS resource set (considering new maxRank for the second SRS resource set (or new Lmax) and coherence capability related to the second SRS resource set)
· Sum of first and second SRI/TPMI field can be reinterpreted for sTRP transmission
· If sum of first and second SRI/TPMI fields is smaller than SRI/TPMI field for sTRP (considering legacy maxRank (or Lmax) and coherence capability), zero is padded into the second SRI/TPMI field 
Comparing those two approaches, we can save the bit for SRI/TPMI with the second approach. Therefore, we prefer to support to determine the first and second SRI/TPMI fields based on SDM transmission and the sum of first and second SRI/TPMI fields (if needed, zero(s) can be padded into the second SRI/TPMI field)
Proposal 5: Support to determine the first and second SRI/TPMI fields based on SDM transmission and the sum of first and second SRI/TPMI fields (if needed, zero(s) can be padded into the second SRI/TPMI field).

1.5 Study on SRI/TPMI indication for sDCI based SFN STx2P 
To support STx2P for the UE with two panels, the uplink transmission and specific settings for SRS resources and SRS resource sets should be studied. There are several possible SRI/TPMI indication methods to support SFN STx2P. The first method is SRI/TPMI indication method to support sDCI based SFN STx2P toward sTRP. For the first method, the SRS resource set can be configured with up to two SRS resource groups like CSI resource configuration in Rel-17 NCJT CSI as shown in figure 2. 
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Figure 2. Example for SRI/TPMI indication method based on one SRS resource set
The first SRS resource group in a set is for the first panel and the other SRS resource group in a set is for the second panel. Based on the configuration of a SRS resource set for SFN STx2P, one SRI can indicate a pair of SRS resources, where the indicated SRS resource(s) in the first group is for UL transmission via first panel and the indicated SRS resource(s) in the second group is for UL transmission via second panel. For sTRP SFN STx2P with CB PUSCH, one SRI can indicate a SRI for a pair of two SRS resources (each resource for each panel) and one TPMI, which is applied for SRS ports across two indicated SRS resources. With this scheme, the layer(s) scheduled for PUSCH can be precoded by one joint precoder across two panels and it means sTRP PUSCH transmission across two panels can be supported in SFN manner. On the other hand, if one SRS resource instead of SRS resource pair can be indicated by a SRI field, this indication can be utilized to schedule single panel transmission (panel selection). 
The second method is SRI/TPMI indication method for mTRP. Two SRS resource sets can be configured with up to two SRS resource groups per set. Figure 3 represents the example of SRS resource set configuration and SRI/TPMI indication. The first SRS resource set can be associated with TRP1 (first indicated TCI state) and the other associated with TRP2 (second indicated TCI state). In addition, different layer(s) can be mapped to each panel and different data will be transmitted via two panels towards two TRPs in SDM manner. For this method, single DCI can indicate up to two SRIs and up to two TPMIs (if CB based PUSCH is supported). 
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Figure 3. Example for SRI/TPMI indication method based on two SRS resource sets

By using first and second methods, we can schedule both sTRP and mTRP SFN STx2P, and support dynamic switching for flexible scheduling. Figure 4 shows how to indicate PUSCH transmission among different PUSCH transmission schemes. Depending on the SRS resource set indicator field and indicated SRS resource(s) via SRI field, one of schemes (mTRP SFN STx2P, sTRP SFN STx2P or sTRP panel selection) can be scheduled.
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Figure 4. Indication of PUSCH transmission scheme via SRS resource set indicator and SRI 

Therefore, we propose to support two SRS resource sets with up to two SRS resource groups in a set for both mTRP SFN STx2P and sTRP SFN STx2P. In addition, support dynamic switching between sTRP SFN STx2P and mTRP SFN STx2P as follow:
· sTRP SFN STx2P (one SRS resource set based): one SRI indicating a pair of SRS resources (one from each SRS resource group) for a SRS resource set/one TPMI indicating a precoder across all SRS ports for indicated SRS resources (if CB based PUSCH is supported) 
· mTRP SFN STx2P (two SRS resource sets based): two SRIs indicating each SRS resource for each SRS resource set (each TRP)/two TPMIs indicating each precoder for each indicated SRS resource (if CB based PUSCH is supported) 

Proposal 6: Support that one SRI field (reinterpret two SRI fields as one SRI field or first SRI field) can indicate SRS resources which can be pair (explicit with SRS resource group or implicit rule)

Proposal 7: For both mTRP SFN STx2P and sTRP SFN STx2P, support dynamic switching between sTRP SFN STx2P and mTRP SFN STx2P as follow:
· sTRP SFN STx2P (one SRS resource set based): one SRI indicating a pair of SRS resources (e.g. one from each SRS resource group) for a SRS resource set/one TPMI indicating a precoder across all SRS ports for indicated SRS resources (if CB based PUSCH is supported) 
· mTRP SFN STx2P (two SRS resource sets based): two SRIs indicating each SRS resource for each SRS resource set (each TRP)/two TPMIs indicating each precoder for each indicated SRS resource (if CB based PUSCH is supported)

1.6 PTRS-DMRS association for sDCI based mTRP SDM and SFN
For PTRS for SDM STx2P, following was agreed [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




In RAN1#111 meeting, RAN1 discussed further details for the PTRS-DMRS association for SDM STx2P. If two PTRS ports can be configured for SDM schemes, we can consider two different association methods:

1) PTRS port 0 can be associated with DMRS from the first SRI/TPMI field and PTRS port 1 can be associated with DMRS from the second SRI/TPMI field
2) There is no limitation on association between PTRS port and DMRS from certain SRI/TPMI field, and two PTRS ports can be associated with DMRS ports from two SRS resource sets or one SRS resource set

Based on the first approach, a method for association between PTRS and DMRS can be simple and one PTRS port is guaranteed for each SRS resource set (or each panel). However, depending on the channel condition, much flexible PTRS-DMRS association cannot be possible (e.g. two PTRS ports can be assigned to the one SRS resource set among two sets, etc.). Based on the second approach, flexible PTRS-DMRS association can be supported, but the method from second approach can be complicated and the second PTRS-DMRS association field (which was introduced in Rel-17) could be needed depending on scheduled PUSCH. We slightly prefer to support the flexible PTRS-DMRS association based on second approach but if the majority is the first approach, we can live with the first approach like discussion in the previous RAN1 meeting.

For uplink, the number of actual PTRS ports is determined based on SRI field (for NCB PUSCH) or TPMI field (for CB PUSCH). When sDCI based SFN STx2P is supported, two SRI/TPMI fields are indicated and each SRI/TPMI can indicate each precoder for PUSCH which is transmitted via each panel (each SRS resource set). Because of the different indicated precoder for each panel, the number of actual PTRS ports can be different as shown as below figure 5. In figure 5, sDCI based SFN CB PUSCH STx2P is scheduled and those two precoders can be indicated via two TPMI fields in scheduling DCI. 

[image: ]
Figure 5. Example of PTRS DMRS association for SFN STx2P 

First precoder indicates two layers which are transmitted through first and third PUSCH antenna ports. Because all two layers are transmitted through first and third PUSCH antenna ports which can be associated with PTRS port 0, the number of PTRS ports for panel 1 is 1. On the other hand, second precoder indicates two layers that first layer is transmitted through first and third PUSCH antenna ports and second layer is transmitted through second and fourth PUSCH antenna ports. Due to these two layers, the first layer of panel 2 can be associated with PTRS port 0 and the second layer of panel 2 can be associated with PTRS port 1. Therefore, the number of actual PTRS ports for panel 2 is 2. Even though SFN STx2P PUSCH is scheduled to transmit same PUSCH, the different PUSCH could be scheduled because of the different number of actual PTRS ports for two panels. In addition, even though the number of actual PTRS ports is same for both panels, different RE offset  due to PTRS-DMRS association field in DCI can make different PUSCH for SFN STx2P (e.g. if PTRS-DMRS association field is indicated as ‘01’, first DMRS port of panel 1 is associated with a PTRS port 0 and the second DMRS port of panel 2 is associated with a PTRS port 1). Therefore, we need to discuss PTRS-DMRS association for SFN STx2P.
To solve this mis-match between two SFNed PUSCH by PTRS ports, we need to make PTRS port(s) associated with same DMRS port(s) for both PUSCH via panel 1 and PUSCH via panel 2. If SFNed PUSCH transmissions for two panels could be different by PTRS according to the number of actual PTRS ports, the maximum number of actual PTRS ports could be transmitted by both panels because SFN scheme is for scheme to increase the reliability. If SFNed PUSCH transmissions for two panels could have the same number of actual PTRS ports but PTRS port is associated with the different DMRS port, the association between PTRS port and DMRS port for panel 1 can be applied for both PUSCH via panel 1 and PUSCH via panel 2. 

Proposal 8: If SFNed PUSCH transmissions for two panels could be different by PTRS according to the number of actual PTRS ports, the maximum number of actual PTRS ports could be transmitted by both panels because SFN scheme is for scheme to increase the reliability. 
Proposal 9: If SFNed PUSCH transmissions for two panels could have the same number of actual PTRS ports but PTRS port is associated with the different DMRS port, the association between PTRS port and DMRS port for panel 1 can be applied for both PUSCH via panel 1 and PUSCH via panel 2.

1.7 Supportive codeword for sDCI based mTRP SDM STx2P and CW-to-layer mapping
The main usage case of sDCI based mTRP SDM STx2P PUSCH is CPE/FWA to increase the throughput performance. When we consider the deployment of CPE or FWA, the device will be placed in such a way that the channel gain is good. Furthermore, if mTRP based transmission is supported, such devices can be placed to make that channel gain between each TRP and the UE could be similar or same to maximize the gain via mTRP operation. If the channel quality difference between two links is large, sTRP SFN STx2P PUSCH or panel selection transmission can outperform mTRP SDM STx2P PUSCH. Therefore, sDCI based mTRP SDM STx2P PUSCH can be supported with two links with similar channel gain. For this case, sDCI based mTRP SDM STx2P PUSCH can be scheduled with 1 CW and 1 MCS. 
In addition, the WID scope only includes the support of up to four layers across two panels. This is same as the maximum number of supportive layers in Rel-15/16/17. In current NR specification, CW-to-layer mapping for UL and DL is well defined and 1 CW can be scheduled if UL or DL channel is up to 4 layers. With legacy CW-to-layer mapping, SDM STx2P PUSCH can be supported with minimum spec impact.
Therefore, we prefer to support PUSCH with 1 CW for Rel-18 sDCI based mTRP SDM STx2P PUSCH and to reuse legacy CW-to-layer mapping. 

Proposal 10: Support PUSCH with 1 CW for Rel-18 sDCI based mTRP SDM STx2P PUSCH and reuse legacy CW-to-layer mapping. 

1.8 Intra-UE multiplexing for mDCI based mTRP SDM STx2P

The following agreements were made in previous RAN1 meetings [2] [3]:
	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
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH
Agreement
Support CG PUSCH + CG PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission.

Conclusion
There is no consensus on the support STxMP PUCCH+PUCCH in multi-DCI based mTRP system




In Rel-17, when a PUCCH overlaps with multiple PUSCHs, UE determines one PUSCH for UCI multiplexing with the following rules:
· A DG PUSCH is prioritized over a CG PUSCH.
· A PUSCH with a smaller cell index is prioritized over a PUSCH with a larger cell index.
· [bookmark: _GoBack]A PUSCH with an earlier starting symbol is prioritized over a PUSCH with a later starting symbol.
However, when mDCI based mTRP SDM STx2P is supported, a PUCCH can be overlapped with two simultaneous PUSCH transmissions with the same starting symbol on a same serving cell as shown in Figure 6. In this case, two mDCI based STx2P PUSCH transmissions are scheduled by DCI (DG PUSCH) and cell index is same for mDCI based STx2P PUSCH. And also if two PUSCH transmissions are fully overlapped in time domain, UE cannot determine one of PUSCH for multiplexing UCI by applying above rules. Therefore, the ambiguity for UCI multiplexing can occur for cases like the example case.

[image: ]
Figure 6. Example of multiplexing UCI in a STx2P PUSCH  

In addition, if UE’s total power is shared by two panels (power assumption 1), the maximum transmission power of two STx2P PUSCH is reduced by 3dB comparing with maximum PUSCH transmission with single panel. The maximum power restriction of STx2P PUSCHs can also impact intra-UE multiplexing. For example, when a PUCCH overlaps with both STx2P PUSCHs and the other PUSCH transmission with single panel, how to multiplex the UCI in the PUSCH should also be reconsidered since this case does not exist in Rel-17 either. For these reasons, we need to discuss the necessity of enhancements on intra-UE multiplexing rules and how to enhance the intra-UE multiplexing rules to address the above issues for mDCI based mTRP SDM STx2P. 

Proposal 11: Need to discuss the necessity of enhancements on intra-UE multiplexing rules and how to enhance the intra-UE multiplexing rules for mDCI based mTRP SDM STx2P.

Conclusion
In this contribution, the following observations and proposals are made: 

Proposal 1: Support sDCI based sTRP STx2P and support sDCI based sTRP SFN scheme for STx2P PUSCH transmission to increase reliability, coverage, and potentially throughput gains
Proposal 2: Switching between sTRP UL transmission or mTRP UL transmission can be indicated by: 
· Reusing SRS resource set indicator
· If SRS resource set indicator indicates mTRP transmission, sDCI based mTRP transmission (including mTRP TDM repetition, mTRP SDM and mTRP SFN) is scheduled based on two SRS resource sets
· If SRS resource set indicator indicates sTRP transmissions, sDCI based sTRP transmission (including sTRP UL transmission with or without panel selection, sTRP SFN) is scheduled based on two SRS resource sets
Proposal 3: Support following SRS resource configurations for sDCI based SDM STx2P scheme considering panels with different capabilities:
· For CB based PUSCH,
· The number of SRS resources in each SRS resource set can be different because two panels can have different capabilities on FPTX
· Two indicated SRS resources for SDM STx2P can have different number of ports because two panels can have different number of ports
· For NCB based PUSCH
· The number of SRS resources in each SRS resource set can be different because two panels can have different number of ports
Proposal 4: For sTRP transmission, support Option1 (one maxRank or Lmax in current spec). For SDM transmission, support Alt2 (configure separate maxRank or Lmax per SRS resource set) for clear design and efficient bitwidth for SRI/TPMI.
Proposal 5: Support to determine the first and second SRI/TPMI fields based on SDM transmission and the sum of first and second SRI/TPMI fields (if needed, zero(s) can be padded into the second SRI/TPMI field).
Proposal 6: Support that one SRI field (reinterpret two SRI fields as one SRI field or first SRI field) can indicate SRS resources which can be pair (explicit with SRS resource group or implicit rule)
Proposal 7: For both mTRP SFN STx2P and sTRP SFN STx2P, support dynamic switching between sTRP SFN STx2P and mTRP SFN STx2P as follow:
· sTRP SFN STx2P (one SRS resource set based): one SRI indicating a pair of SRS resources (e.g. one from each SRS resource group) for a SRS resource set/one TPMI indicating a precoder across all SRS ports for indicated SRS resources (if CB based PUSCH is supported) 
· mTRP SFN STx2P (two SRS resource sets based): two SRIs indicating each SRS resource for each SRS resource set (each TRP)/two TPMIs indicating each precoder for each indicated SRS resource (if CB based PUSCH is supported)
Proposal 8: If SFNed PUSCH transmissions for two panels could be different by PTRS according to the number of actual PTRS ports, the maximum number of actual PTRS ports could be transmitted by both panels because SFN scheme is for scheme to increase the reliability. 
Proposal 9: If SFNed PUSCH transmissions for two panels could have the same number of actual PTRS ports but PTRS port is associated with the different DMRS port, the association between PTRS port and DMRS port for panel 1 can be applied for both PUSCH via panel 1 and PUSCH via panel 2.
Proposal 10: Support PUSCH with 1 CW for Rel-18 sDCI based mTRP SDM STx2P PUSCH and reuse legacy CW-to-layer mapping. 
Proposal 11: Need to discuss the necessity of enhancements on intra-UE multiplexing rules and how to enhance the intra-UE multiplexing rules for mDCI based mTRP SDM STx2P.
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