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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. 

Discussion on supporting STxMP
In Rel-17 multi-beam, multi-panel operation was discussed. However, it is not for simultaneous transmission with multi-panel (STxMP) but for panel-selection based transmission. Regarding WID for Rel-18, RAN1 will study and discuss how to support simultaneous transmission with 2 panels (STx2P). The main purpose of simultaneous transmission is to increase UL throughput, which is smaller than DL throughput. Furthermore, reliability of uplink transmission is also achieved by using simultaneous transmission if the repetition based STx2P is supported. When we study how to support Rel-18 STx2P, we should specify the usage scenarios for STx2P first and we can consider two cases. The first case is simultaneous transmission toward sTRP with two panels (STx2P to sTRP). I.e., uplink simultaneous transmission via both panel1 and panel2 is for one TRP. To support this case, we can consider that single SRI/TPMI indication is similar to Rel-15/16. This transmission can be supported via spec-transparent way (Rel-15 CB/NCB schemes) or new SRS resource set configuration or/and new SRI/TPMI indication method (Rel-18 enhancements). For the second case, we can consider the transmission toward both sTRP and mTRP. Each panel is utilized for transmission into each TRP and the UE can support either mTRP STx2P or sTRP panel-selection (or sTRP STx2P) by dynamic selection. To support second case, we can consider that up to two SRIs/two TPMIs indication similar to Rel-17 mTRP PUSCH repetition (or other SRI/TPMI indication is also considerable) is used. Based on above two cases, we propose to study the details on how to support both STx2P for sTRP and sTRP/mTRP. 
Observation 1: regarding the usage scenarios for STx2P, there are two cases for study
· Simultaneous transmission toward sTRP with two panels (i.e. STx2P to sTRP)
· Transmission toward either sTRP (panel-selection) or mTRP (STx2P)

Proposal 1: consider both (a) STx2P to sTRP only (i.e. enhancement to R15 CB/NCB schemes), and (b) dynamic UL transmission switch between sTRP (panel-selection or STx2P) and mTRP (STx2P)

Potential enhancement
1.1 Division multiplexing scheme for STx2P
In Rel-17, mTRP schemes for other physical channels other than PDSCH (i.e. PDCCH, PUCCH, PUSCH) was discussed and introduced. For mTRP uplink repetition, it is used to ensure high reliable transmission when the blockage may exist between the UE and TRPs. In Rel-17 mTRP UL repetition, only TDMed repetition schemes were only discussed. That means that one uplink physical would be transmitted in one transmission occasion and simultaneous uplink transmission is not supported. In Rel-18, other division multiplexing schemes other than TDM will be discussed to support STx2P. For example, we can support SDM (which uplink physical channels can be overlapped in time and frequency domain), FDM (which uplink physical channels can be overlapped in time domain), and SFN (which transmits the same uplink physical channel on same physical resources). For FDM and SDM to support STx2P, Rel-16 FDM schemes and SDM scheme for mTRP PDSCH can be considered as starting point. For SFN, we can consider Rel-17 SFN schemes for HST. Similar to Rel-16 mTRP PDSCH schemes, we can study two FDM schemes (fdmSchemeA and fdmSchemeB) for STx2P as shown in Figure 1 and SDM and SFN schemes for STx2P as shown in Figure 2.
[image: ]
Figure 1. fdmSchemeA and fdmSchemeB for STx2P

[image: ]
Figure 2. SDM scheme and SFN scheme for STx2P

FDM schemeA (left in figure 1) for mTRP PDSCH repetition in Rel-16, two-partitioned TB from two TRPs are received at the UE side and UE will decode PDSCH with entire received TB. However, the UE transmits partitioned TB from one TB toward two different TRPs via Rel-18 STx2P for mTRP. Each TRP can receive one part of partitioned TB. If received part is not self-decodable, each TRP cannot decode the received uplink signal and need combining decoding. Even though gNB supports combining decoding with two-partitioned TB, gNB cannot decode the received signal successfully if blockage exists on one TRP or one panel and the corresponding partition of TB would not be received well by a TRP. When the supportive division multiplexing schemes are determined, we need to study further and verify the performance gain for the schemes. Additionally, we can also consider the cases that scheduled uplink physical channels are fully or partially overlapped in time and frequency domain.

Proposal 2: Study whether to support FDM/SDM/SFN for STx2P. Especially, study possible division schemes carefully considering uplink simultaneous transmission toward two TRPs. 
1.2 Transmission scheme depending on scheduling DCI
For the support of STx2P, either sDCI based scheduling or mDCI based scheduling can be considered. Depending on scheduling DCI, we can specify various STx2P transmission schemes. For example, under scheduling DCI assumption, we can consider codeword and codeword-to-layer mapping with supportive division multiplexing scheme. If uplink transmission for STx2P is scheduled by sDCI, one DCI schedules the transmission via both panels. The uplink physical channels scheduled by sDCI can include same TB as repetition or can include different TB or CB as spatial multiplexing. If uplink transmission for STx2P is scheduled by mDCI, each DCI schedules the uplink transmission via each panel. In this case, each DCI can schedule to transmit different TB for each panel (i.e. spatial multiplexing) or schedule to transmit same TB or same CB for both panels. As described before, when the several division multiplexing schemes are also considered with scheduling DCI and corresponding codeword-to-layer mapping, various schemes should be studied and discussed. 
As starting point to support STx2P schemes, we support method 1) sDCI based repetition with STx2P and method 2) mDCI based spatial multiplexing with STx2P similarly to Rel-16 mTRP PDSCH schemes. For method 1, we can consider the case that sDCI schedules to transmit one TB (one codeword) with STx2P, whereas, we can consider the case that two DCIs schedule to transmit each TB (total 2 TBs, two codewords) with STx2P for method 2. For method 1 or method 2, several schemes (i.e. FDM and SDM) can be studied and SFN scheme can be considered for method 1. 
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Figure 3. Example of sDCI based STx2P
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Figure 4. Example of mDCI based STx2P

Proposal 3: As a baseline to support STx2P in Rel-18, consider the following schemes depending on scheduling DCI:
· sDCI based repetition with STx2P: 1CW is scheduled for both panels
· mDCI based spatial multiplexing with STx2P: 2CWs are scheduled by each DCI 

1.3 Study on SRI/TPMI indication for STx2P
To support STx2P for the UE with 2 antenna 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 to support sDCI based STx2P toward sTRP. For the first method, the SRS resource set and SRS resource configuration can be akin to CSI resource configuration in Rel-17 NCJT CSI, i.e. one SRS resource set for CB or NCB contains SRS resources that are partitioned into two parts as shown in figure 5 below. 
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Figure 5. SRI/TPMI indication method based on one SRS resource set
The first part of SRS resources in a set is for the first panel and the other part of SRS resources 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 first part of indicated SRS resource(s) is for UL transmission via panel1 and the second part of indicated SRS resource(s) is for UL transmission via panel2. If CB based PUSCH transmission toward sTRP is supported with first method for STx2P, a DCI can indicate a SRI for a pair of two SRS resources (one for panel1 and the other for panel2) and a TPMI, which is applied for SRS ports across two indicated SRS resources. When the UE supports the first STx2P method, one joint PUSCH transmission from 2 panels to sTRP can be implemented. In this method, the configured SRS resource set includes  SRS resources with the same number of SRS ports (i.e. legacy Rel.15 SRS configuration for CB based), and SRI can indicate one SRS resource (i.e. single panel selection) or a pair of SRS resources (i.e. STx2P case).
For the second STx2P method, STx2P method for mTRP with one SRS resource set can be also considerable. For this method, the first part of SRS resources in a SRS resource set is from panel1 to a TRP (e.g. TRP1) and the second part of SRS resources in the set is from panel2 to the other TRP (e.g. TRP2). If CB based PUSCH transmission is supported in this case, a DCI can indicate a SRI for a pair of SRS resources and two TPMIs (first TPMI can be associated with the first SRS resource among the indicated pair and the second TPMI can be associated with the second SRS resource). 
Above two STx2P methods are based on a single SRS resource set that is akin to Rel-17 NCJT CSI. On the other hand, to support STx2P for sTRP/mTRP, two SRS resource sets can be configured like Rel-17 mTRP PUSCH repetition. As shown in figure 6 below, the first SRS resource set can be associated with transmission from panel1 toward a TRP (e.g. TRP1) and the second SRS resource set can be associated with transmission from panel2 toward the other TRP (e.g. TRP2). For this method, single DCI indicates up to two SRIs and up to two TPMIs (if CB based PUSCH is supported). For switching between mTRP STx2P and sTRP single panel transmission, the SRS resource set indicator field, which was introduced in Rel-17, can be reused. 
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Figure 6. SRI/TPMI indication method based on two SRS resource sets
In addition to above three methods to support STx2P, we can study further how to configure SRS resources and indicate SRI/TPMI. As a baseline method, we propose the single SRS resource set based SRI/TPMI indication methods and two SRS resource sets based SRI/TPMI indication method as follow:
· SRI/TPMI indication method 1 (1 joint PUSCH transmission): one SRI indicating a pair of SRS resources/one TPMI indicating across all SRS ports for indicated SRS resources (if CB based PUSCH is supported) (e.g. STx2P to sTRP)
· SRI/TPMI indication method 2 (2 PUSCH transmission): one SRI indicating a pair of SRS resources/ two TPMIs indicating for each indicated SRS resource (if CB based PUCCH is supported) (e.g. STx2P to mTRP)
· SRI/TPMI indication method 2 (2 PUSCH transmission): two SRIs indicating each SRS resource for each TRP/two TPMIs which each is associated with each indicated SRS resource (if CB based PUCCH is supported) (e.g. STx2P to sTRP/mTRP)

Proposal 4: For STx2P, support following SRI/TPMI indication methods:
· SRI/TPMI indication method 1 (1 joint PUSCH transmission): one SRI indicating a pair of SRS resources / one TPMI indicating a precoding matrix across all SRS ports associated with indicated SRS resources  (e.g. STx2P to sTRP) 
· SRI/TPMI indication method 2 (2 PUSCH transmission): one SRI indicating a pair of SRS resources / two TPMIs associated with each indicated SRS resource (e.g. STx2P to mTRP)
· SRI/TPMI indication method 2 (2 PUSCH transmission): two SRIs each indicating SRS resource(s) for each TRP / two TPMIs each associated with each indicated SRS resource (e.g. STx2P to sTRP/mTRP)
Evaluation methodology (EVM)
The evaluation methodology (EVM) for the link level simulator (LLS) on STx2P can be based on Rel-17 mTRP UL transmission schemes, with the following modifications:
· FR2 (30GHz), 120 kHz SCS 
· Channel model: CDL-A (delay spread: 30ns, UE speed: 0, 3km/h)
· For PUSCH
· Baseline: Rel-17 TDMed mTRP CB based PUSCH repetition, NCB based can be optional
· #Tx at UE= 4 (2 panels, each with 2 ports)
· #Rx at gNB (TRP) = 4 
· 2 TRPs, each with 2 ports
· 1 TRP with 4 ports (optional)
· Repetition number: 1 (spatial multiplexing), 2 (repetition)
· Receiver assumption: combining, separate
· Transmission power for STx2P: maintained total power, increased total power for 2 panels (optional)
· For PUCCH
· Baseline: Rel-17 TDMed mTRP PUCCH repetition scheme1 (inter-slot repetition), scheme 3 (intra-slot repetition) can be optional
· PUCCH format: PUCCH format 3 (long PUCCH, >2 UCI bits)
· #Tx at UE= 4 (2 panels, each with 2 ports)
· #Rx at gNB (TRP) = 4 
· 2 TRPs, each with 2 ports
· 1 TRP with 4 ports (optional)
· Repetition number: 1 (spatial multiplexing), 2 (repetition)
· Receiver assumption: combining, separate
· Transmission power for STx2P: maintained total power, increased total power for 2 panels (optional)
Proposal 5: Support the following EVM assumptions on LLS for STx2P evaluation:
· FR2 (30GHz), 120 kHz SCS 
· Channel model: CDL-A (delay spread: 30ns, UE speed: 0, 3km/h)
· For PUSCH
· Baseline: Rel-17 TDMed mTRP CB based PUSCH repetition, NCB based can be optional
· #Tx at UE= 4 (2 panels, each with 2 ports)
· #Rx at gNB (TRP) = 4 
· 2 TRPs, each with 2 ports
· 1 TRP with 4 ports (optional)
· Repetition number: 1 (spatial multiplexing), 2 (repetition)
· Receiver assumption: combining, separate
· Transmission power for STx2P: maintained total power, increased total power for 2 panels (optional)
· For PUCCH
· Baseline: Rel-17 TDMed mTRP PUCCH repetition scheme1 (inter-slot repetition), scheme 3 (intra-slot repetition) can be optional
· PUCCH format: PUCCH format 3 (long PUCCH, >2 UCI bits)
· #Tx at UE= 4 (2 panels, each with 2 ports)
· #Rx at gNB (TRP) = 4 
· 2 TRPs, each with 2 ports
· 1 TRP with 4 ports (optional)
· Repetition number: 1 (spatial multiplexing), 2 (repetition)
· Receiver assumption: combining, separate
· Transmission power for STx2P: maintained total power, increased total power for 2 panels (optional)

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

Observation 1: regarding the usage scenarios for STx2P, there are two cases for study
· Simultaneous transmission toward sTRP with two panels (i.e. STx2P to sTRP)
· Transmission toward either sTRP (panel-selection) or mTRP (STx2P)

Proposal 1: consider both (a) STx2P to sTRP only (i.e. enhancement to R15 CB/NCB schemes), and (b) dynamic UL transmission switch between sTRP (panel-selection or STx2P) and mTRP (STx2P)
Proposal 2: Study whether to support FDM/SDM/SFN for STx2P. Especially, study possible division schemes carefully considering uplink simultaneous transmission toward two TRPs. 
Proposal 3: As a baseline to support STx2P in Rel-18, consider the following schemes depending on scheduling DCI:
· sDCI based repetition with STx2P: 1CW is scheduled for both panels
· mDCI based spatial multiplexing with STx2P: 2CWs are scheduled by each DCI 
Proposal 4: For STx2P, support following SRI/TPMI indication methods:
· SRI/TPMI indication method 1 (1 joint PUSCH transmission): one SRI indicating a pair of SRS resources / one TPMI indicating a precoding matrix across all SRS ports associated with indicated SRS resources  (e.g. STx2P to sTRP) 
· SRI/TPMI indication method 2 (2 PUSCH transmission): one SRI indicating a pair of SRS resources / two TPMIs associated with each indicated SRS resource (e.g. STx2P to mTRP)
· SRI/TPMI indication method 2 (2 PUSCH transmission): two SRIs each indicating SRS resource(s) for each TRP / two TPMIs each associated with each indicated SRS resource (e.g. STx2P to sTRP/mTRP)
Proposal 5: Support the following EVM assumptions on LLS for STx2P evaluation:
· FR2 (30GHz), 120 kHz SCS 
· Channel model: CDL-A (delay spread: 30ns, UE speed: 0, 3km/h)
· For PUSCH
· Baseline: Rel-17 TDMed mTRP CB based PUSCH repetition, NCB based can be optional
· #Tx at UE= 4 (2 panels, each with 2 ports)
· #Rx at gNB (TRP) = 4 
· 2 TRPs, each with 2 ports
· 1 TRP with 4 ports (optional)
· Repetition number: 1 (spatial multiplexing), 2 (repetition)
· Receiver assumption: combining, separate
· Transmission power for STx2P: maintained total power, increased total power for 2 panels (optional)
· For PUCCH
· Baseline: Rel-17 TDMed mTRP PUCCH repetition scheme1 (inter-slot repetition), scheme 3 (intra-slot repetition) can be optional
· PUCCH format: PUCCH format 3 (long PUCCH, >2 UCI bits)
· #Tx at UE= 4 (2 panels, each with 2 ports)
· #Rx at gNB (TRP) = 4 
· 2 TRPs, each with 2 ports
· 1 TRP with 4 ports (optional)
· Repetition number: 1 (spatial multiplexing), 2 (repetition)
· Receiver assumption: combining, separate
· Transmission power for STx2P: maintained total power, increased total power for 2 panels (optional)
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Appendix A: Rel-17 EVM for mTRP PUCCH/PUSCH repetition [2]
Agreement
The following is agreed for evaluation of PDCCH
· According to the evaluation scenario (e.g., at FR1 in urban macro / at FR1 in indoor hotspot / at FR2 in indoor hotspot), one of three Tables (Table A.3-1 ~ A.3-3) of 38.824 can be a baseline of EVM for Rel-17 FeMIMO item 2a.
· System bandwidth other than those mentioned in the Tables can be considered and reported by the companies. 
· In addition, the following table is used for EVM for Rel-17 FeMIMO item 2a (Common assumptions for PDCCH/PUCCH/PUSCH)
	[bookmark: _Hlk49163453]Parameters
	Values

	The number of TRPs
	2

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	[bookmark: _Hlk49164794]Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples


· The following table is used for detailed assumptions for PDCCH
	Parameters
	Values

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.

	REG bundling size
	6 and 2 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally

	Schemes
	Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.

	Receiver assumption 
	Up to companies to report



[bookmark: _GoBack]Agreement 
· Detailed assumptions for PUCCH evaluation:
	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH repetition

	PUCCH format
	Format 1 and 3. 
Other PUCCH Formats can be optionally considered. 

	# of RBs/symbols
	PUCCH Format 1: 4 symbols, 1 RB
PUCCH Format 3: 4 and 8 symbols, 1 RB
Other combinations are not precluded. 

	UCI payload 
	2 bits for PUCCH Format 1 (and Format 0, if considered).  
Companies to report assumptions on other PUCCH Formats 

	Frequency hopping
	Reported by companies

	Number of repetitions (when applicable)
	2, 4, 8

	Schemes
	TDM
Details to be reported by companies

	Receiver assumption
	Reported by companies


· Detailed assumptions for PUSCH evaluation:
	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	# of RBs/symbols
	Companies to Report. 

	DMRS pattern
	DM-RS configuration type 1
DM-RS Configuration type 2 (optional)

	# of layers
	1, 2 (optional) 

	Code rates
	Low (<0.2) and moderate (<0.4)

	Frequency hopping
	Reported by companies

	UL transmission scheme
	Codebook based UL transmission is baseline. Non-codebook based can be optional.

	Redundancy Version
	Reported by companies

	Number of repetitions (when applicable)
	2, 4, 8 
Other numbers are not precluded

	Schemes
	TDM
Details to be reported by companies

	Receiver assumption
	Reported by companies
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