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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 (STx2P)
[bookmark: _GoBack]Regarding WID for Rel-18, RAN1 has been studying and is discussing how to support simultaneous transmission with 2 panels (STx2P). The main purposes and goals of simultaneous transmission are higher UL throughput/reliability.  Before determining which possible schemes for STx2P can be supported, we need to justify the performance gain and benefit with STx2P. If per-panel max power is possible with each PA and RF chain for each panel, the performance enhancement is obvious because total transmission power would be doubled. However, this power assumption can be controversial. Because of several reasons (e.g. different UE architectures, power classes, regulation, doubled UE power consumption problem etc.), opponents of per-panel max power argued that the total transmission power would be maintained and total power should be shared for both panels. Therefore, as a starting point, we compare the performance between baseline (panel selection and TDMed mTRP PUSCH repetition) and mTRP FDM for STx2P (non-overlapping resources) with same transmission power for entire PUSCH transmissions by using LLS. For the same transmission power, we assume the same amount of total resources for each scheme and we maintained same EPRE for all schemes. For example, 4 OFDM symbols and 8 RBs are allocated for TDMed sTRP/mTRP PUSCH repetition with two repetitions so, total 8 OFDM symbols and 8 RBs are used for TDMed mTRP/sTRP PUSCH repetition. For FDM scheme A and B, 8 OFDM symbols and 8 RBs are allocated and 8 RBs can be divided into 4 RBs for each panel which is toward each TRP (FDM scheme A and B for mTRP STx2P). For panel selection, 8 OFDM symbols and 8 RBs can be assigned and one TRP would be selected by comparing instantaneous channel gain between UE and two TRPs (This selection is not practical but it can be utilized to check possible performance gain by panel selection). In addition, the simple blockage model with p=0.3 and 10dB offset would be applied for simulation. We assume that the blockage can happen independently for each link between TRP and panel. Detail settings are tabulated in Appendix A.
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Figure 1. BLER performance for Rel-17 baseline and FDM schemes for STx2P

As depicted in Figure 1, except sTRP based transmission, all schemes have similar BLER performance. Therefore, we cannot see significant performance gain with FDM schemes. However, those FDM schemes also can be one possible supportable instead of TDMed mTRP repetitions. This LLS result was conducted without any consideration of two channel conditions, i.e., even though path gain difference between UE and two TRPs is huge, FDM scheme A and FDM scheme B would be used instead of panel selection. If the difference between two channel gains is huge, using panel selection can be more beneficial rather than using STx2P including the bad channel. On the other hands, if two channel gains are similar, using STx2P can be better because we can get more diversity gain and combining gain (if combining method is available). If we can switch between panel selection and STx2P schemes according to channel quality between UE and two TRPs, there is possibility, which we can get more gain by selecting schemes. To justify the benefit of STx2P schemes, more study and evaluation results are needed before supporting and determining detail STx2P schemes.
Observation 1: Considering same amount of resource allocation and same transmission power for all schemes, the performances of FDM schemes for STx2P are similar to Rel-17 based schemes (mTRP PUSCH repetition, panel selection).

Proposal 1: With the same amount of scheduled resources and transmission power, we cannot see the significant benefit for STx2P. However, it can be one of candidate to increase the performance depending on channel quality between each TRP and panel. Therefore, we need more study to justify the benefit of STx2P and specify the possible usage and methods.

Potential enhancement
1.1 Division multiplexing scheme for STx2P
In 3GPP RAN1 #109-e, RAN1 listed up the possible schemes to support STx2P as follow [2]:
	Agreement
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
Note: Companies are encouraged to evaluate the different schemes for possible down-selection in RAN1#110.
Note: other schemes are not precluded



Regarding the possible STx2P schemes which are listed in RAN1# 109-e agreement,RAN1 would study several schemes to enhance reliability (FDM scheme B, SDM repetition and SFN) as well as the scheme to increase throughput (SDM, FDM scheme A). If the benefit of STx2P is justified as mentioned in proposal 1, we can study more details to determine which STx2P schemes can be supported. Figure 2 shows two FDM schemes of which scheduled resources for each panel are not overlapped. On the other hands, Figure 3 represents SDM scheme and SFN scheme with overlapping resources for two panels. 
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Figure 2. fdmSchemeA and fdmSchemeB for STx2P
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Figure 3. SDM scheme and SFN scheme for STx2P

If simultaneous PUSCH transmission with two panels was supported, the inter-panel interference can happen depending on UE panel structure and transmission scheme. For example, if two panels were heading toward 180-degree opposite direction, inter-panel interference would not be problematic. However, if two panels can have same boresight or have the 90-degree boresight difference, the interference from the other panel can affect the performance. In aspect of transmission scheme, non-overlapping resource allocation like FDM schemes would be less affected by inter-panel interference. If we considered any possible panel structures, we can study STx2P schemes with non-overlapping resource first, i.e. we can prioritize to study and specify FDM scheme B and FDM scheme A, first. Then, other schemes can be considerable, especially, SDM SM (spatial multiplexing) scheme can be discussed after verifying the performance gain and the effect of inter-panel interference. 

Proposal 2: If STx2P is supported, we can prioritize STx2P schemes with non-overlapping resources for any panel implementation. Then, we can be supportive of STx2P schemes with overlapping resources if the benefit is justified. 

1.2 Study on sDCI or mDCI based STx2P
As we mentioned in the previous section, if STx2P schemes could be supported with the clear benefit, either sDCI based scheduling or mDCI based scheduling can be considered to support STx2P. 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. 
For those various possible schemes, we can prioritize 1) sDCI based STx2P schemes and mDCI based STx2P schemes with non-overlapping resources, 2) sDCI based STx2P schemes and mDCI based STx2P schemes with overlapping resources considering the possible effect of inter-panel interference. For 1), those STx2P schemes with non-overlapping resource can be affected by less or no interference between panels. Therefore, we can prioritize 1) because these schemes can be applied for several different shapes of panels. For 2), if those STx2P schemes with overlapping resources can increase the throughput performance, those 2) can be specified as next step. To support 2), we need to justify the performance gain with overlapping resources and need to manage interference across the panels via panel position or proper precoder indication. 
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Figure 4. Example of sDCI based STx2P
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Figure 5. Example of mDCI based STx2P

Proposal 3: Considering working progress and multi-panel operation, RAN1 can prioritize:
· 1) sDCI based STx2P schemes and mDCI based STx2P schemes with non-overlapping resources
· 2) sDCI based STx2P schemes and mDCI based STx2P schemes with overlapping resources considering the possible effect of inter-panel interference
1.3 sDCI based STx2P for mTRP and sTRP
In sub-agenda 9.1.1.1, the beam indication for STx2P will be studied and discussed. 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 and whether to support simultaneous transmission with indicated TCI(s), we can support STx2P for mTRP and/or STx2P for sTRP or legacy mTRP and/or sTRP UL transmission (not related to multi-panel transmission). If one TCI state is indicated, only sTRP related transmission can be supported. For this case, either sTRP based STx2P or legacy sTRP based transmission can be supported based on beam reporting. If two TCI states are indicated, we can also reuse SRS resource set indicator to switch between sTRP based transmission (including STx2P and legacy UL transmission) and mTRP based transmission (including STx2P and legacy UL transmission) via dynamic switching. In this case, each indicated TCI state can be associated with each SRS resource set (if two SRS resource sets are configured) or each part of SRS resources in a set (if one SRS resource set is configured). After choosing either sTRP or mTRP via SRS resource set indicator, one transmission scheme between STx2P and legacy UL transmission can be determined based on indicated TCI state or other DCI field (e.g. SRI field or etc.). We can consider several possible configurations for SRS resource set and SRS resource to support STx2P with up to 2 indicated beams. Based on possible SRS configuration and TCI state indication, we can support switching between sTRP/ mTRP based STx2P and also legacy sTRP/mTRP transmission and it can have benefit with respect to scheduling flexibility because different transmission schemes can be scheduled according to the channel condition between two panels and TRPs. 
Proposal 4: If sDCI based STx2P is supported, RAN1 can support both mTRP based STx2P and sTRP based STx2P. Switching between sTRP based transmission or mTRP based transmission can be indicated as follow to get benefit with respect to scheduling flexibility:
· If one TCI state is indicated, only sTRP based STx2P or legacy sTRP transmission can be scheduled. According to indicated TCI state which is based on beam reporting, either sTRP STx2P or legacy sTRP transmission can be determined.
· If two TCI states are indicated, both sTRP based transmission and mTRP based transmission can be scheduled. We can reuse SRS resource set indicator to indicate either sTRP based transmission or mTRP based transmission
· According to indicated TCI states which is based on beam reporting or other DCI field (e.g. SRI field or etc.), either legacy transmission scheme (e.g. panel selection, TDMed mTRP repetition) or STx2P transmission can be determined
1.4 Study on SRI/TPMI indication for sDCI based 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 6 below. 
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Figure 6. 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 7 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 7. 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 PUSCH is supported) (e.g. STx2P to mTRP)
· SRI/TPMI indication method 3 (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 PUSCH is supported) (e.g. STx2P to sTRP/mTRP)

Proposal 5: 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 3 (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)
Conclusion
In this contribution, the following observations and proposals are made: 

Observation 1: Considering same amount of resource allocation and same transmission power for all schemes, the performances of FDM schemes for STx2P are similar to Rel-17 based schemes (mTRP PUSCH repetition, panel selection).

Proposal 1: With the same amount of scheduled resources and transmission power, we cannot see the significant benefit for STx2P. However, it can be one of candidate to increase the performance depending on channel quality between each TRP and panel. Therefore, we need more study to justify the benefit of STx2P and specify the possible usage and methods.
Proposal 2: If STx2P is supported, we can prioritize STx2P schemes with non-overlapping resources for any panel implementation. Then, we can be supportive of STx2P schemes with overlapping resources if the benefit is justified. 
Proposal 3: Considering working progress and multi-panel operation, RAN1 can prioritize:
· 1) sDCI based STx2P schemes and mDCI based STx2P schemes with non-overlapping resources
· 2) sDCI based STx2P schemes and mDCI based STx2P schemes with overlapping resources considering the possible effect of inter-panel interference
Proposal 4: If sDCI based STx2P is supported, RAN1 can support both mTRP based STx2P and sTRP based STx2P. Switching between sTRP based transmission or mTRP based transmission can be indicated as follow to get benefit with respect to scheduling flexibility:
· If one TCI state is indicated, only sTRP based STx2P or legacy sTRP transmission can be scheduled. According to indicated TCI state which is based on beam reporting, either sTRP STx2P or legacy sTRP transmission can be determined.
· If two TCI states are indicated, both sTRP based transmission and mTRP based transmission can be scheduled. We can reuse SRS resource set indicator to indicate either sTRP based transmission or mTRP based transmission
· According to indicated TCI states which is based on beam reporting or other DCI field (e.g. SRI field or etc.), either legacy transmission scheme (e.g. panel selection, TDMed mTRP repetition) or STx2P transmission can be determined
Proposal 5: 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 3 (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)
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Appendix A: LLS evaluation assumption for PUSCH
	Parameters
	Values

	Carrier frequency / SCS
	30 GHz / 120 kHz

	Bandwidth
	50 MHz

	PUSCH configuration
	PUSCH mapping type A, dmrs-AdditionalPosition = pos2, CP-OFDM, rank =1, QPSK

	# of OFDM symbols
	4 symbols per TDMed sTRP/mTRP repetition, total 8 symbols for two TDMed repetitions
8 symbols for FDM scheme A and B and panel selection

	# of RBs
	8 RBs (for FDM schemes, 4 RBs for each panel)

	TB size
	168 bits, Actual coderate: (TBS+CRC)/(RE*modulation order*rank) = 0.1597 (low coderate)

	Frequency hopping
	Not applied

	Channel model
	CDL-A

	RMS delay spread
	300 ns

	UE speed
	3 km/h

	gNB antenna configuration
	2Rx, [M,N,P,Mg,Ng]=[4,8,2,1,1]

	gNB antenna pattern
	38.802 Table A.2.1-6

	gNB orientation
	Mech. Tilt = 20 degree

	UE antenna configuration
	2Tx, [M,N,P]=[2,4,2] for each panel

	UE antenna pattern
	38.802 Table A.2.1-8

	UE orientation
	

	Port mapping
	(2D) 1 TXRU per panel per pole

	Channel estimation
	Practical (MMSE)

	Blockage
	10 dB power offset with probability p = {0.3}, independent for each TRP

	# of repetitions
	2 for TDMed sTRP/mTRP repetition and FDM scheme B, 1 for FDM scheme A and panel selection

	Schemes
	TDMed sTRP/mTRP repetition
FDM scheme A and B
Panel selection (ideal panel selection via comparing instantaneous channel gain for both TRPs)

	# of TRPs
	1 (sTRP), 2 (mTRP)
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