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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 previous RAN1#110 meeting, RAN1 made working assumption as below [2]. 
	Working assumption
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will be made in RAN1#110bis-e.




Based on the working assumption in the previous meeting, sDCI based mTRP SDM STx2P PUSCH transmission can be supported. If inter-panel interference is marginal, especially FR2, we can achieve the throughput gain by using sDCI based mTRP SDM STx2P PUSCH transmission. The main advantage of multi-panel transmission is both panels can be utilized for the uplink transmission. It means we can exploit all antenna ports across two panels and it will be helpful for beamforming, diversity and power (if each panel can utilize each max power, i.e. option 2). 
On the other hand, we also consider sTRP transmission via two panels to achieve the gain from all antenna ports across two panels. If two panels are located in the same plane and boresights for two panels are same, sTRP STx2P can be supported and it can be beneficial for the coverage enhancement by exploiting the diversity gain from all antenna ports and 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 SFN based scheme can be an option to support sTRP STx2P. The SFN transmission scheme can operate based on a pair of SRS resources that one joint precoder across two panels can be applied (more details for sTRP SFN STx2P are explained in the next issue for SRI/TPMI indication). 
Therefore, we support both sDCI based mTRP STx2P and sDCI based sTRP STx2P to exploit two panels. Then, we propose to confirm the working assumption for mTRP STx2P and support SFN based transmission scheme for sTRP STx2P.

Proposal 1: Support both sDCI based mTRP STx2P and sDCI based sTRP STx2P to exploit two panels.

Proposal 2: Confirm the working assumption for mTRP STx2P and support SFN based transmission scheme for sTRP STx2P.


To support both mTRP STx2P and sTRP STx2P, legacy Rel-17 framework or Rel-18 unified TCI framework for mTRP can be reused, i.e., there is no need to introduce new framework or DCI field(s). The first option is that gNB can schedule either sTRP STx2P or mTRP STx2P according to the number of indicated TCI states via DCI. For the second option, SRS resource set indicator, which was introduced in Rel-17, can indicate either sTRP STx2P or mTRP STx2P if two TCI states are indicated. 
First, the beam indication for STx2P will be studied and discussed in sub-agenda 9.1.1.1. One possible candidate of beam indication for STx2P is group-based beam reporting. As a result of discussion for STx2P beam indication under sub-agenda 9.1.1.1, up to two beams can be indicated for STx2P. Depending on the number of indicated TCI states, we can support mTRP UL transmission and/or sTRP UL transmission. If two TCI states are indicated, both sTRP and mTRP UL transmission can be scheduled and SRS resource set indicator can determine transmission scheme (either sTRP or mTRP). Or only mTRP UL transmission can be supported if two TCI states are indicated. If the indicated TCI state(s) are associated with group-based beam reporting for STx2P, scheduled sTRP or mTRP UL channel can be transmitted via two panels, i.e., UE will transmit PUSCH with sTRP STx2P scheme or mTRP STx2P scheme. Otherwise, UE can follow Rel-17 or Rel-18 unified TCI framework (sub-agenda 9.1.1.1) for sTRP or mTRP transmission.
For second option, we can reuse SRS resource set indicator to switch between sTRP UL transmission (including sTRP STx2P, panel selection and legacy UL transmission) and mTRP UL transmission (including mTRP STx2P and legacy mTRP UL repetition) if two TCI states are indicated. In this case, two SRS resource sets are configured and each SRS resource set can be associated with a TCI state. Furthermore, each SRS resource set can include two SRS resource groups like Rel-17 configuration for NZP CSI-RS resource set to support sTRP STx2P. I.e., each SRS resource group in one SRS resource set could be associated with a panel. Based on two SRS resource sets where each set has up to two SRS resource groups, both sTRP and mTRP STx2P can be supported by dynamic switching. 
With those two options to support both sTRP and mTRP transmission, dynamic switching can be supported with superior scheduling flexibility. This is because different transmission schemes can be scheduled according to the channel condition between two panels and TRPs.
Proposal 3: Switching between sTRP UL transmission or mTRP UL transmission can be indicated as following two options to get benefit with respect to scheduling flexibility: 
· Option1. TCI state 
· If one TCI state is indicated, sTRP UL transmission is scheduled
· If two TCI states are indicated, either sTRP or mTRP UL transmission can be scheduled or mTRP UL transmission is scheduled
· Option2. SRS resource set indicator
· If SRS resource set indicator indicates mTRP transmission, mTRP transmission (including mTRP STx2P and legacy mTRP UL repetition) is scheduled based on two SRS resource sets
· If SRS resource set indicator indicates sTRP transmissions, sTRP transmission (including sTRP STx2P, panel selection and legacy UL transmission) is scheduled based on two SRS resource sets
1.2 Study on SRI/TPMI indication for sDCI based STx2P 
To support STx2P for the UE with two panels, the uplink transmission and related setting for SRS resources and SRS resource sets should be studied. There are several possible SRI/TPMI indication methods to support STx2P. The first method is SRI/TPMI indication method to support sDCI based 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 1. 
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Figure 1. 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 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 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 2 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 2. 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 STx2P, and support dynamic switching for flexible scheduling. Therefore, we propose to support two SRS resource sets with up to two SRS resource groups in a set for both mTRP STx2P and sTRP STx2P. In addition, support dynamic switching between sTRP STx2P and mTRP STx2P as follow:
· sTRP 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) (e.g. sTRP SFN STx2P)
· mTRP 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) (e.g. mTRP SDM STx2P)

Proposal 4: For both mTRP STx2P and sTRP STx2P, support two SRS resource sets that each SRS resource set can include up to two SRS resource groups. In addition, support dynamic switching between sTRP STx2P and mTRP STx2P as follow:
· sTRP 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) (e.g. sTRP SFN STx2P)
· mTRP 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) (e.g. mTRP SDM STx2P)

1.3 DMRS indication for sDCI based mTRP SDM STx2P
For DMRS indication for sDCI based mTRP SDM STx2P, RAN1 agreed following agreement in previous meeting [2].
	Agreement
To enhance the DMRS port indication for SDM scheme of STxMP PUSCH transmission in single-DCI based mTRP system, study the following aspects:
· Whether the indicated DMRS ports can be in different or same CDM group?
· How to determine the port partition among PUSCH layers.
· How to map DMRS ports with PUSCH layers from different panels.
· Whether to use one DCI field or two DCI fields for DMRS port indication
· How to indicate layer combination that is used to partition DMRS port partition among PUSCH layers.
· Other aspects are not precluded.




For DMRS indication for mTRP SDM STx2P, we can consider whether only two different CDM groups can be indicated for STx2P. For Rel-16 mTRP SDM PDSCH, gNB should indicate DMRS ports with two different CDM groups and each CDM group is associated with indicated TCI state. This is because the UE receives different layers from different TRPs. To apply QCL assumption for PDSCH reception, the association between CDM group and TCI state is needed.
However, for UL, the UE transmits uplink channel towards two different TRP if mTRP SDM STx2P PUSCH is supported. When one TRP receives uplink channel from the UE, gNB may need to assume one UL or joint TCI state between UE and one TRP if interference from the other panel of UE is marginal. For the UL case, CDM group restriction is not needed to support mTRP SDM STx2P PUSCH. Therefore, indicated DMRS ports for STx2P can be in both different and same CDM group. In addition, one DCI field is enough because legacy DMRS indication for UL can be reused without CDM group restriction. 
Next, to determine the number of layers for each panel, our understanding is new DMRS indication table or new column in legacy DMRS indication tables is not needed. Instead of new indication, two TPMI (for CB PUSCH) or two SRI (for NCB PUSCH) fields can indicate the port partition. For example as shown in below figure 3, the first TPMI field can indicate 1-layer and precoder for 1-layer transmission via panel 1. The second TPMI field can indicate 2 layers and precoder matrix for 2-layer transmission via panel 2. For this case, the layer combination between panel 1 and panel 2 would be {1+2}. Similarly, the layer combination can be determined through the number of layers that can be indicated by two SRI fields for NCB PUSCH. This method is based on two TPMI or two SRI fields, so second TPMI or second SRI field can also indicate the number of layer. Without this difference between legacy Rel-17 two TPMI/SRI field and Rel-18 two TPMI/SRI field for STx2P, DMRS ports and layer combination between two panels can be indicated with minimum spec impact.
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Figure 3. Example for SRI/TPMI indication method based on two SRS resource sets

Proposal 5: To indicate DMRS ports, legacy UL DMRS port indication can be reused for STx2P. The layer combination for STx2P can be determined from the number of layers indicated by two TPMI fields (for CB PUSCH) or two SRI fields (for NCB PUSCH). Therefore, new DMRS indication table or new column in legacy DMRS indication tables is not needed.

1.4 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 6: Support PUSCH with 1 CW for Rel-18 sDCI based mTRP SDM STx2P PUSCH and reuse legacy CW-to-layer mapping. 

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

[bookmark: _GoBack]Proposal 1: Support both sDCI based mTRP STx2P and sDCI based sTRP STx2P to exploit two panels.

Proposal 2: Confirm the working assumption for mTRP STx2P and support SFN based transmission scheme for sTRP STx2P.
Proposal 3: Switching between sTRP UL transmission or mTRP UL transmission can be indicated as following two options to get benefit with respect to scheduling flexibility: 
· Option1. TCI state 
· If one TCI state is indicated, sTRP UL transmission is scheduled
· If two TCI states are indicated, either sTRP or mTRP UL transmission can be scheduled or mTRP UL transmission is scheduled
· Option2. SRS resource set indicator
· If SRS resource set indicator indicates mTRP transmission, mTRP transmission (including mTRP STx2P and legacy mTRP UL repetition) is scheduled based on two SRS resource sets
· If SRS resource set indicator indicates sTRP transmissions, sTRP transmission (including sTRP STx2P, panel selection and legacy UL transmission) is scheduled based on two SRS resource sets
Proposal 4: For both mTRP STx2P and sTRP STx2P, support two SRS resource sets that each SRS resource set can include up to two SRS resource groups. In addition, support dynamic switching between sTRP STx2P and mTRP STx2P as follow:
· sTRP 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) (e.g. sTRP SFN STx2P)
· mTRP 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) (e.g. mTRP SDM STx2P)
Proposal 5: To indicate DMRS ports, legacy UL DMRS port indication can be reused for STx2P. The layer combination for STx2P can be determined from the number of layers indicated by two TPMI fields (for CB PUSCH) or two SRI fields (for NCB PUSCH). Therefore, new DMRS indication table or new column in legacy DMRS indication tables is not needed.

Proposal 6: Support PUSCH with 1 CW for Rel-18 sDCI based mTRP SDM STx2P PUSCH and reuse legacy CW-to-layer mapping. 
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