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Introduction
In this contribution, we discuss UL precoding indication for multi-panel transmission based on S-DCI mTRP PUSCH framework and based on M-DCI mTRP PUSCH framework, separately. Specifically, we discuss how to reuse S-DCI/M-DCI based mTRP PUSCH framework to schedule STxMP PUSCH, the limitation of the legacy framework, and potential candidates of STxMP transmission scheme.
Discussion
STxMP based on S-DCI mTRP PUSCH framework
In Rel-17, S-DCI based mTRP PUSCH repetition is introduced. In order to support this feature, many scheduling fields and parameters such as SRI, TPMI, TPC, PTRS, SRS resource set, and PUSCH power control parameters are extended in TRP specific manner and SRS resource set indicator field is also introduced. Even though STxMP and mTRP PUSCH repetition are different transmission schemes, the precoder indication mechanism designed for mTRP PUSCH can be a starting point for STxMP precoder indication because two features have similarity from signaling perspective. Therefore, these fields and parameters for mTRP PUSCH repetition can be reused or slightly modified to support STxMP without starting from the scratch. 
Observation 1: Many scheduling fields and parameters to support Rel-17 mTRP PUSCH repetition such as 2 SRI fields, 2 TPMI fields, 2 TPC fields, 2 PTRS fields, 2 SRS resource sets, 2 PUSCH power control parameters, and SRS resource set indicator field can be reused or slightly modified to support STxMP. 
Two TPMI fields are already supported in a single DCI so each TPMI field can be used to indicate RI/PMI for each panel. In Rel-17, in order to minimize TPMI field size increase, second TPMI field is designed without rank information, which is reasonable given that same rank is applied for the PUSCH repetition. However, when it comes to STxMP, this restriction is not needed and it may reduce the performance of STxMP transmission. So, we can consider to use two TPMI fields without dependency each other unlike Rel-17. 
Proposal 1: Reuse 2 TPMI field without same rank restriction for STxMP transmission
SRS resource set indicator field also can be reused for STxMP transmission. In case of 00/01, single panel is used for UL transmission and panel selection can be done with 00 or 01. In case of 10/11, STxMP transmission is applied and those two codepoints can be used for different purpose. For example, it can be used for dynamic switching STxMP schemes for eMBB (10) and for URLLC (11). Furthermore, if repetition number is indicated as N>1 with 11, URLLC STxMP transmission is repeated N times for N transmission occasions. As a result, PUSCH reliability can be further enhanced. On the other hand, if repetition number is indicated as N>1 with 10, motivation to support eMBB STxMP (i.e., SDM STxMP) + TDM repetition is not clear. Therefore, Rel-17 MTRP TDM repetition can be applied in this case.
Proposal 2: Reuse SRS resource set indicator field for panel selection transmission (00/01) and for STxMP transmission scheme switching (10/11).
Proposal 3: Support to configure SFN STxMP and time domain repetition at the same time for further PUSCH reliability enhancement.
Proposal 4: Support dynamic switching between SDM STxMP scheme and Rel-17 TDM repetition based on repetition number.
Legacy DMRS field can be reused for SDM STxMP but DMRS ports should be grouped for different panels. Specifically, total rank is determined by the sum of RI for 1st SRI/TPMI (e.g. RI1) and RI for 2nd SRI/TPMI (e.g. RI2) and DMRS ports are indicated based on the total rank. Then, DMRS ports for each panel can be grouped in a following simple way. First RI1 DMRS ports among indicated DMRS ports are allocated for 1st SRI/TPMI and rest of them are for 2nd SRI/TPMI.
Proposal 5: For SDM STxMP, a single DMRS port indication field is reused and first RI1 DMRS ports among indicated DMRS ports are allocated for 1st SRI/TPMI and rest of them are for 2nd SRI/TPMI.
STxMP is simultaneous transmission across multi-panel by definition but there are multiple transmission schemes that can be considered with STxMP. Depending on whether transmission layer from multi-panel is the same or different, two different STxMP transmission schemes can be considered; SFN STxMP and SDM STxMP, respectively.
In SFN STxMP case, the same layers are transmitted from multi-panel. It can be considered as PUSCH repetition but, unlike Rel-17 using different TO, two repetitions are transmitted at the same time but from different panel with potentially different Tx beams. Since each PUSCH repetition is transmitted toward different TRP, macro diversity gain can be achieved even in blockage channel environment and latency can be more reduced compared to conventional mTRP PUSCH repetition. In addition, it may also be considered to indicate a co-phasing parameter for coherent SFN STxMP transmission to improve combining performance further.
On the other hand, in SDM STxMP case, different layers of PUSCH are transmitted from multi-panel. It can be considered as an uplink version of S-DCI based DL NCJT. For example, the first layer of rank 2 PUSCH is transmitted from panel 0 to TRP 0 and the second layer is transmitted from panel 1 to TRP 1 at the same time. Given that total transmission rank increases by using two different UL channels, throughput gain can be expected.
In our view, the usage of SFN STxMP and SDM STxMP are different and both are very useful. According to WID [1], objective of this work item is to increase UL throughput/reliability and in order to fulfill this objective, both SFN STxMP and SDM STxMP should be supported. In section 2.3, we observe SFN STxMP scheme provides substantial gain for cell edge UE compared with single panel transmission. Also, WID states that vehicle device is one of target devices for STxMP enhancement and, according to LS from 5GAA [2], it states that STxMP enhancement and multiple TA enhancement for mTRP operation among Rel-18 MIMO WI objectives are relevant to vehicular distributed antenna systems, and 5GAA WG4 asks 3GPP RAN WG1 to consider 5GAA technical report on vehicular distributed antenna systems in Rel-18 MIMO WI. In order to secure sufficient communication reliability for vehicle, SFN STxMP scheme should be supported.
Proposal 6: For PUSCH, support SFN STxMP for URLLC and for cell edge UE performance enhancement and SDM STxMP for eMBB as S-DCI based STxMP transmission schemes.
In the last meeting, several transmission scheme for PUCCH STxMP were shortly discussed. For reliability enhancement for PUSCH and PUCCH, it is desirable to introduce a common scheme considering specification work and implementation burden so SFN STxMP can be supported for both PUSCH and PUCCH. In our view, FDM A for PUCCH does not provide sufficient reliability in blockage scenario and FDM A/B is not appropriate for several PUCCH formats with a single RB restriction. On the other hand, SFN STxMP can be applied for all PUCCH format and the simplest among the candidate schemes since the same PUCCH resource (with the same F/T/Code) is transmitted from both panels.
Proposal 7: For PUCCH, support SFN STxMP scheme for reliability enhancement.
In the last meeting, Frequency and time overlapping types are shortly discussed. The overlapping types are determined depending on STxMP schemes as follows:
· SDM STxMP and SFN STxMP: fully overlapped in time and frequency
· FDM STxMP: fully overlapped in time and non-overlapped in frequency
Since those STxMP schemes guarantee fully overlapped PUSCH in time, symbol level power control is not needed. However, different power control for different panel should be supported due to different pathloss and the total transmission power from two panels can be over Pc_max. Therefore, further study is needed on how to reduce per panel transmission power to satisfy maximum total power constraints.
Proposal 8: Study how to reduce per panel transmission power to satisfy maximum total power constraints for time domain fully overlapped PUSCH.
STxMP based on M-DCI mTRP PUSCH framework
In Rel-16, M-DCI based mTRP PUSCH transmission is introduced. Specifically, each TRP independently schedules its own PUSCH in different symbol with DCI associated with its CORESET pool index. Since gNB should avoid time domain overlapping between different TRP’s PUSCH/PUCCH, different TRP’s UL channels are transmitted in TDM manner. Even if multiple TRPs use separate DCI, the same UL scheduling parameters are shared such as SRS resource set, PUSCH power control parameters and codebook configuration without TRP specific extension. As a result, it has a limitation on TRP specific scheduling flexibility.
For STxMP transmission, M-DCI mTRP PUSCH framework also can be reused or slightly modified. For example, one DCI associated with CORESET pool index 0 can be used to schedule PUSCH transmission for panel 0 and another DCI associated with CORESET pool index 1 can be used to schedule PUSCH transmission for panel 1. 
Observation 2: M-DCI mTRP PUSCH framework, in which DCI can be separated based on associated CORESET pool index, can be reused or slightly modified to support STxMP. 
However, in order to support simultaneous transmission, unlike Rel-16 M-DCI mTRP PUSCH, scheduling restriction to avoid time domain overlapping should be removed. In this way, two PUSCH transmitted from different panels can be time domain overlapped or not. One issue related to the time domain overlapping is that, if the two PUSCH are partial overlapped in time, symbol level PUSCH power control may be needed, which increases UE complexity. 
For example, if symbol 0 and 1 are allocated for PUSCH 0 from panel 0 and symbol 1 and 2 are allocated for PUSCH 1 from panel 1, PUSCH in symbol 0 and 2 can use maximum transmission power because single PUSCH is transmitted in those symbol but each PUSCH in symbol 1 can use the half of maximum transmission power because two PUSCHs are transmitted in the same symbol. In order to avoid symbol level power control in this example, the same transmission power can be allocated for non-overlapped symbols 0 as PUSCH 0 in symbol 1 but maximum power in symbol 0 is unnecessary limited by half, resulting in UL performance degradation. Meanwhile, in case of fully overlapped PUSCHs, there is no such issue. 
Observation 3: If STxMP PUSCHs are partially overlapped in time domain, symbol level PUSCH power control is needed, which increases UE complexity.
Proposal 9: In order to avoid symbol level PUSCH power control, consider scheduling restriction for time domain fully overlapped PUSCHs.
Even though different TPMI can be indicated for different panel by using separate DCI, different codebook configuration, such as max rank, codebook subset restriction, full power mode and so on, cannot be applied for different panel according to Rel-16 M-DCI based mTRP PUSCH framework since CORESET pools share the same PUSCH-Config IE. However, in practice, two panels can be implemented with different antenna configuration, antenna coherency characteristic and PA combination. Taking this panel specific implementation into account, separate codebook configuration should be supported for multi-panel.
Proposal 10: Support separate codebook configuration for different Tx panels.
Regarding STxMP transmission scheme based on M-DCI mTRP PUSCH framework, each panel transmits separate PUSCH containing different TB, unlike S-DCI based STxMP which transmits the same TB as we described in Section 2.1. Given that M-DCI based mTRP transmission is introduced mainly for non-ideal backhaul network, in which dynamic coordination between TRPs are not available, different TB transmission for multi-panel seems a natural candidate STxMP transmission scheme under M-DCI framework.
Proposal 11: Consider DTxMP (Different TB across Multi-Panel) for eMBB as a potential candidate of M-DCI based STxMP transmission scheme.
Evaluation results for SFN STxMP 
2.3.1 System level evaluation results
With evaluation assumption in Table 2, Figure 1 shows RSRP difference between the strongest and the second strongest UE panels and between the strongest and the third strongest UE panels, respectively, when UE has 3 panels. From the figure, RSRP difference between the strongest and the second strongest UE panels is less than 5dB in urban macro and 9dB in indoor hotspot scenarios, respectively, for half of UEs. It means that, for majority UEs, the UL channel quality from the second strongest UE panel is not significantly degraded compared to the strongest UE panel so that using STxMP based on two strong panels can provide a potential gain.
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Figure 1. RSRP difference between multi-panel in dense urban macro and indoor hotspot.
Observation 4: RSRP difference between the strongest and the second strongest UE panels are less than 5dB in urban macro and 9dB in indoor hotspot scenarios, respectively, for half of UEs
We also provide SLS evaluation results on the SFN STxMP in Figure 2 and 3, and evaluation assumptions are summarized in Table 2. For 2-panel STxMP, two strongest panels among three UE Tx panels are selected with max UE power assumption option 1. Figure 2 and 3 show average UPT gain (average, cell edge) of UL 2-panel STxMP over UL 1-panel selection transmission with RU=30% and RU=60%, respectively. Prominent cell edge throughput gain is observed from system level evaluation, which means that STxMP brings proper improvement on link gain aspect especially for poor channel quality UE. We should note that this gain is expected to be increased for 4 panel UE since the RSRP difference of two best panels selected from 4 panels would become smaller than the three panel case.
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Figure 2. Average/edge UPT gain for RU=30%
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Figure 3. Average/edge UPT gain for RU=60%

Observation 5: In SLS evaluation, significant cell edge throughput gain (120% for RU=30%, 72% for RU=60%) of 2-panel SFN STxMP over the best 1-panel selection based UL transmission (as baseline) is observed for 3 panel UE.

Table 2. SLS Evaluation assumptions
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz,

	Scenarios
	1. Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor
2. Indoor (TR 38.901/802)

	UE speed
	3 km/hr for all UEs

	Maximum UE Tx Power
	· Option 1: Max TRP of 23 dBm and max EIRP 43 dBm of two panels 
· Option 2: Max TRP of 23 dBm and max EIRP 43 dBm per panel

Note 1: Companies to state additional details on their simulation assumptions, if any.
Note 2: In Option 2, the max TRP of two panels might exceed the limit of PC2 in one band based on existing RAN4 power class definitions (which is currently per band). Companies to provide details whether Option 2 results in exceeding such limit in actual simulations. 
Note 3: In Option 1, companies to explain how max EIRP across two panels transmitting beams in different directions is determined.
Note 4: In case that Option 2 is used and max TRP of two panels exceeds the limit of PC2, companies to provide the excess value of the TRP of STxMP transmission over the TRP of the single panel transmission baseline.

	BS receiver Noise Figure
	7 dB

	BS Antenna Configuration
	For dense urban: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
For Indoor: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ

	BS Antenna radiation pattern
	According to TR 38.802

	UE antenna configuration
	Panel structure: 1x4x2 or (M, N, P) = (1, 4, 2), dH = 0.5 λ. Number of panels: 3 (left, right, front)

	UE Antenna radiation pattern
	According to TR 38.802, Front-to-back ratio = 40 dB

	UE dropping
	Random

	Traffic Model
	Option 1: FTP model 1 with packet size 0.5Mbytes

	UE Antenna height
	1.5 m

	UL MIMO Mode, rank
	UL SU-MIMO
Up to rank 2 for STxMP with 2 panels.

	Baseline scheme
	Single panel transmission with panel selection



2.3.2 Link level evaluation results
Table 3 describes link level evaluation assumption for PUSCH transmission and Figure 4 shows the evaluation results. We observe approximately 2dB gap and 3dB gap between STxMP and single panel selection scheme for BLER 0.1 and 0.001, respectively, assuming 0 dB pathloss gap between the two panels.
Observation 6: In LLS PUSCH evaluation, approximately 3dB gap between SFN STxMP and single panel selection scheme for BLER 0.001 is observed, assuming 0 dB pathloss gap between the two panels.
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Figure 4. BLER performance for PUSCH

Table 3. LLS Evaluation assumptions
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz,
SCS: 120 kHz,

	Channel model
	CDL-A

	BS antenna configuration
	(M, N, P)=(4,8,2), 2Rx ports

	UE antenna configuration
	Back-to-back 2 panels and (M, N, P)=(2,4,2) on each panel, 2Tx ports

	Baseline scheme
	Single panel transmission with panel selection.

	# of RBs/symbols
	8 RBs

	DMRS pattern
	DM-RS configuration type 1 for PUSCH

	[bookmark: _GoBack]Frequency hopping
	N/A

	UL transmission scheme
	SVD precoding

	Schemes
	SFN scheme with STxMP

	Receiver assumption
	MMSE receiver

	Maximum UE Tx Power
	Option 1 (Max TRP of 23 dBm and max EIRP 43 dBm of two panels)

	Path-loss modeling
	0 dB gap between panels/TRPs

	Blockage model
	N/A

	Cross-link interference between 2 panels
	N/A



Conclusion
In this contribution, we discuss we discuss UL precoding indication for multi-panel transmission based on S-DCI mTRP PUSCH framework and based on M-DCI mTRP PUSCH framework, separately, and propose the followings:

STxMP based on S-DCI mTRP PUSCH framework: 
Observation 1: Many scheduling fields and parameters to support Rel-17 mTRP PUSCH repetition such as 2 SRI fields, 2 TPMI fields, 2 TPC fields, 2 PTRS fields, 2 SRS resource sets, 2 PUSCH power control parameters, and SRS resource set indicator field can be reused or slightly modified to support STxMP. 
Proposal 1: Reuse 2 TPMI field without same rank restriction for STxMP transmission
Proposal 2: Reuse SRS resource set indicator field for panel selection transmission (00/01) and for STxMP transmission scheme switching (10/11).
Proposal 3: Support to configure SFN STxMP and time domain repetition at the same time for further PUSCH reliability enhancement.
Proposal 4: Support dynamic switching between SDM STxMP scheme and Rel-17 TDM repetition based on repetition number.
Proposal 5: For SDM STxMP, a single DMRS port indication field is reused and first RI1 DMRS ports among indicated DMRS ports are allocated for 1st SRI/TPMI and rest of them are for 2nd SRI/TPMI.
Proposal 6: For PUSCH, support SFN STxMP for URLLC and for cell edge UE performance enhancement and SDM STxMP for eMBB as S-DCI based STxMP transmission schemes.
Proposal 7: For PUCCH, support SFN STxMP scheme for reliability enhancement.
Proposal 8: Study how to reduce per panel transmission power to satisfy maximum total power constraints for time domain fully overlapped PUSCH.

STxMP based on M-DCI mTRP PUSCH framework: 
Observation 2: M-DCI mTRP PUSCH framework, in which DCI can be separated based on associated CORESET pool index, can be reused or slightly modified to support STxMP. 
Observation 3: If STxMP PUSCHs are partially overlapped in time domain, symbol level PUSCH power control is needed, which increases UE complexity.
Proposal 9: In order to avoid symbol level PUSCH power control, consider scheduling restriction for time domain fully overlapped PUSCHs.
Proposal 10: Support separate codebook configuration for different Tx panels.
Proposal 11: Consider DTxMP (Different TB across Multi-Panel) for eMBB as a potential candidate of M-DCI based STxMP transmission scheme.

Observations from evaluation for SFN STxMP: 
Observation 4: RSRP difference between the strongest and the second strongest UE panels are less than 5dB in urban macro and 9dB in indoor hotspot scenarios, respectively, for half of UEs.
Observation 5: In SLS evaluation, significant cell edge throughput gain (120% for RU=30%, 72% for RU=60%) of 2-panel SFN STxMP over the best 1-panel selection based UL transmission (as baseline) is observed for 3 panel UE.
Observation 6: In LLS PUSCH evaluation, approximately 3dB gap between SFN STxMP and single panel selection scheme for BLER 0.001 is observed, assuming 0 dB pathloss gap between the two panels.
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