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1. INTRODUCTION
Rel-18 proposes further enhancements to the MIMO feature [1]. The WID scope includes Objective 6 on simultaneous multi-panel UL transmission (STxMP) in mTRP:

	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.



In the previous meeting [2], Objective 6 was discussed for PUSCH and PUCCH. In this contribution, we provide our views on the remaining details of STxMP PUSCH and UCI multiplexing. 

2. BACKGROUND
Higher carrier frequency bands such as FR2 enable deployments to deliver high throughput transmissions by using higher bandwidths. Devices operating in these bands can support a high number of antennas in a compact form factor due to the smaller minimum inter-antenna spacing required compared to FR1. These antenna elements are organized into antenna panels which can be placed at different locations on devices and facing different directions to provide maximum directional coverage. Precoding and beamforming enable a UE to target more than one TRP with satisfactory signal quality despite blockage and varying UE orientation. 
In Rel-17, only TDM’d mode of operation of UE multi-panels for mTRP was considered in the uplink. Rel-18 aims to study another mode of operation where a UE may use more than one panel to simultaneously transmit on the uplink. In this contribution, we provide our views on the STxMP UL mode of operation.

3. UL ENHANCEMENTS FOR SIMULTANEOUS MULTI-PANEL
SRS Resource Set Indicator design 
	The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
· The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
· FFS: The codepoint 11 is reserved.

· RAN1 has no consensus to support the following in Rel-18:
· Configure different number of SRS resources in the two SRS resource sets for CB (if fullpowermode 2 is not configured) or NCB for single-DCI based STxMP transmission.
· For CB PUSCH, the two SRS resources indicated by two SRI fields for single-DCI based STxMP transmission can have different number of SRS ports. 
· For the two SRS resource sets configured for multi-DCI based STxMP PUSCH+PUSCH in Rel-18, 
· Legacy Rel-17 specification is reused with respect to the maximal number of SRS resources/ports in each set


	
It has been agreed that the STxMP mode will be configured as either SDM or SFN, and that dynamic switching between single panel and STxMP is supported through the SRS resource set indicator. The 2 bits of the indicator are used with 00 and 01 to switch between single panel on the first and second SRS resource set, respectively, while 10 indicates STxMP using both panels. The details of the association and interpretation between 00 and 01 to the first and second SRS resource sets to the first and second SRI/TPMI field remains FFS. There are 4 alternatives under consideration:
· In Alt1, the UE receives a DCI with two SRI/TPMI fields, and codepoints 00 and 01 indicates whether the first SRI/TPMI field is associated to the first or second SRS resource set, respectively. The second SRI/TPMI field is unused. The size of the first field depends on the maximum between the number of configured layers for single panel (max 4 layers), and the number of layers for STxMP (2 layers per panel) with some zero padding to keep the field size constant when dynamically switching. Unused fields lead to some higher overhead compared to other alternatives, but the UE decoding and interpretation of the fields is simplified since it remains constant regardless of the mode of operation. 
· In Alt2, the DCI has only one SRI/TPMI field, and codepoints 00 and 01 indicates whether the first SRI/TPMI field is associated to the first or second SRS resource set, respectively. Although the overhead is reduced due to the removal of one SRI/TPMI field, the UE decoding may be more complex because the DCI size varies when dynamically switching to STxMP because the DCI switches to two SRI/TPMI fields. 
· In Alt3, the DCI has two SRI/TPMI fields that are concatenated into one indication, and codepoint 00 and 01 indicate whether the concatenated SRI/TPMI fields are associated to the first or second SRS resource set, respectively. The benefit is that some overhead can be reduced when the single panel field size is smaller than the sum of the two field sizes for STxMP; however, this is not always the case and thus concatenation may exclude some single panel indices. This option requires more specification effort to define the concatenated fields and requires different UE interpretation of the two SRI/TPMI fields depending on single panel or STxMP usage. 
· In Alt4, the DCI has two SRI/TPMI fields, and codepoints 00 indicates to use the first SRI/TPMI field associated to the first SRS resource set, and 01 indicates to use the second SRI/TPMI field associated to the second SRS resource set. In our understanding, this alternative is relevant if asymmetric SRS resource sets are considered so that the two SRI/TPMI fields can be configured with different sizes.

Based on our discussion, Alt1 can result in higher overhead compared to Alt2 and Alt3, but it provides easier decoding for the UE because of the fixed DCI overhead regardless of single panel or STxMP indication. With respect to Alt4, in the last meeting, there was no consensus on supporting different number of SRS resource in the two SRS resource sets, so this alternative doesn’t seem to offer any benefits over Alt1. Therefore, our preference is to support Alt1. 

Observation 1: The overhead savings with increased UE decoding complexity do not seem to justify the high specification impact from redesigning the interpretation of SRS resource set indicator fields. 

Proposal 1: Support Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved. 

Port sharing enhancements 
	Proposal 1.3: 
For whether/how to enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, 
· Option 1: Support enhancement to enable this case and down-select one from the following alternative solutions:
· Alt1: The gNB configures separate codebook subsets for sTRP and STxMP SDM/SFN transmission. For example, codebook subset configured for STxMP SDM/SFN has precoders that only use part of the ports (e.g., 2 of all 4 ports).  For that, the UE can report separate codebook coherence capability for STxMP SDM/SFN scheme, which is different from the coherence capability reporting for sTRP transmission.
· Alt2: The gNB configures SRS resources with different number of ports in one SRS resource set for sTRP transmission and STxMP SDM/SFN transmission. For example, the gNB configures one 4-port SRS resource (for sTRP transmission) and one 2-port SRS resource (for STxMP SDM/SFN transmission) in one SRS resource set
· Alt3: The TPMI indicated for STxMP SDM/SFN transmission corresponds to a fixed/semi-static subset of the SRS ports. The gNB configures SRS resources with P ports. When the STxMP SDM/SFN scheme is indicated, each TPMI indicates precoder(s) with P/2 ports that correspond to a fixed/semi-static P/2 ports of the indicated SRS resource.
· Alt4: UE reports the supported subset of SRS ports of each panel for STxMP SDM/SFN. The gNB determines/configures the suitable codebook subset for STxMP SDM/SFN. If the UE does not report that, the gNB can assume that all SRS ports on each panel are available for STxMP SDM/SFN.
· Alt5: When the gNB indicates a coherent precoder for STxMP SDM/SFN transmission, the UE applies zeros to some row(s) in the precoder so that only part of the ports are used for STxMP SDM/SFN.
· Note: This is an optional UE feature and related UE capability details will be discussed in UE feature session.
· Note: If RAN1 cannot make a down-selection in RAN1#113, the above feature will not be supported in Rel-18. 


	
Different implementations of the STxMP were discussed last meeting with respect to the PUSCH antenna ports. In a first case, each antenna panel has its own set of antenna ports P, so the same P is used for sTRP and STxMP per panel (i.e., 2P total antenna ports in STxMP). In a second case, P antenna ports are shared between the panels, so the number of antenna ports per panel depends on whether sTRP or STxMP is used. For example, all P ports can be used for sTRP, but in STxMP each panel uses P/2 antenna ports (i.e., P total antenna ports in STxMP). It is FFS whether any enhancements should be introduced to support the second case. 
From the performance point of view, the non-sharing case should always outperform the sharing case since all P antenna ports are available per panel as opposed to only P/2. However, in our view, there should be enhancements in support of digital ports so that STxMP can be used by different types of UE implementations which is part of the WID objective (e.g., “targeting CPE/FWA/vehicle/industrial devices”) so we support introducing one of the alternatives under Proposal 1.3. There are 5 alternatives under discussion:
· In Alt1, the UE reports different codebook coherence capabilities per panel, and the gNB can configure different codebook subsets based on the UE report. For example, if the UE is doing port sharing, then a P/2 port codebook is configured for STxMP while P port codebook is used for sTRP. This alternative is the most straightforward since only a codebook subset restriction is needed to limit the UE codebook search space. 
· In Alt2, the UE receives SRS resource set configurations where the resources have different number of ports (e.g., SRS resources with P and P/2 ports). The gNB indicates the SRS resource with P or P/2 ports as a function of the sTRP or STxMP transmission mode. This increase the SRS configuration overhead since P/2 port resources need to be configured per SRS resource set in addition to P port resources. 
· In Alt3, the SRS resource set is configured with resources with P ports; however, the TPMI indicates a precoder with P/2 ports where the ports are a fixed subset of the total ports. This requires additional specification impact to indicate the mapping from TPMI ports to the SRS antenna ports. 
· In Alt4, the UE reports the number of supported ports per panel which the gNB can use to determine the codebook subsets per panel. If the UE does not report per panel ports, then all ports are assumed to be available per panel. This is similar to Alt1 but differs in what type of capability the UE reports. 
· In Alt5, the UE receives precoders with P ports, but applies zeros to a subset of rows to determine the P/2 port precoder. It’s not clear how does the UE determine which subset of ports to apply the zeros to. It also means the UE is using a different precoder than indicated by the TPMI due to the zeroing, which has higher specification impact compared to other solutions.  

Based on our observations, we prefer Alt1 because it has the least specification impact. 

Observation 2: Port sharing provides less gains than non-port sharing but enables different UE architectures to support STxMP. 

Proposal 2: Support Alt1: The gNB configures separate codebook subsets for sTRP and STxMP SDM/SFN transmission. For example, codebook subset configured for STxMP SDM/SFN has precoders that only use part of the ports (e.g., 2 of all 4 ports).  For that, the UE can report separate codebook coherence capability for STxMP SDM/SFN scheme, which is different from the coherence capability reporting for sTRP transmission.

Group-based beam reporting enhancements 
	Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator



In NR, the UE can receive a CSI reporting configuration for groupBasedBeamReporting, where the UE reports more than one CRI, and the L1-RSRP for each CRI. The assumption is that the reported CRIs can be received simultaneously by the UE. The network therefore receives an indication of suitable beam pairs for simultaneous downlink transmission scheduling. 
In STxMP, the network similarly requires information about suitable UL beams that the UE is capable of using simultaneously. Last meeting, several alternatives were proposed to support this indication by enhancing the Rel-17 group-based beam L1-RSRP:
· In Alt1, the UE reports more than one CRI in a CSI report configured for groupBasedBeamReporting, and it is assumed that the UL TX spatial filters associated to the reported CRIs can be used simultaneously, and the DL transmissions associated to CRIs can be received simultaneously. This alternative seems too restrictive since the UL and DL capabilities of a UE may differ depending on UE architecture and implementation. 
· In Alt2, the UE reports more than one CRI in a CSI report configured for groupBasedBeamReporting, and it is assumed that the UL TX spatial filters associated to the reported CRIs can be used simultaneously. This alternative seems to generate ambiguity if the UE supports simultaneous TX on the UL spatial filters but not simultaneous reception of DL transmissions associated to the CRIs. 
· In Alt3, the UE reports more than one CRI in a CSI report configured for groupBasedBeamReporting,  and an additional indicator differentiates between the cases of simultaneous reception, simultaneous transmission, or both. To support this, an additional 1 bit index is needed to differentiate whether the beam pairs are reported for simultaneous reception or transmission (e.g., 0 if the UE can receive the DL transmissions associated to  CRIs simultaneously, or 1 if the UE can simultaneously transmit on the UL TX spatial filters associated to the CRIs). 
Based on the discussion, Alt3 enables the group-based beam reporting to support STxMP reporting without imposing restrictions on UE capabilities, and with clear distinction with respect to legacy operation. Therefore, we support Alt3 with a 1 bit index to differentiate between simultaneous transmission and reception. 

Observation 3: Group-based beam reporting enhancements should allow the UE indication to differentiate between simultaneous UL transmission and simultaneous DL reception since DL and UL capabilities may differ. 

Proposal 3: Support the following:
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the DL transmissions associated to the reported pair of CRIs or SSBRIs can be received simultaneously.
· An indicator field identifies if the reported pair of CRIs are for simultaneous transmission, or simultaneous reception. 

STxMP PUCCH 
	For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options:  when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.   
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.



	
In the last meetings, there was no consensus on STxMP PUCCH+PUCCH in mDCI, but there was an FFS raised on studying the UCI multiplexing rule for single PUCCH. The main scenario discussed is the mDCI case where two DCIs schedule the UE to transmit PUSCH+PUSCH towards two TRPs. In the legacy rules, the UE follows the priority order with the PUSCH carrying A-CSI reporting, then the DG-PUSCH, then the CG-PUSCH, then the PUSCH with the lowest CC index, and then the PUSCH with the earliest start time. If a UE has one UCI to transmit on the same slot as the STxMP transmission, then both PUSCHs have the same start time, and the rule doesn’t consider this case. 
One straightforward approach is to enhance the UCI multiplexing rule for selecting one out of the two PUSCHs. The multiplexing rule should consider per panel multiplexing so that the UE selects one out of the two panels. Since this is the mDCI case, then each PUSCH is associated to one coresetPoolIndex based on the received grant. Each PUSCH is also associated to one of the SRS resource set indices, and it was defined that the SRS resource set with the lowest set ID is considered the first SRS resource set. Another option is to consider the TCI state since unified TCI state enhancements provide ULTCI for PUSCH and PUCCH. Then, the UCI multiplexing rule for panel selection could be based on one of these indices. 

In the last meeting, 3 Options were considered for downselection. 
· In Option 1, the TRP selection is first applied, and then legacy multiplexing rules are followed. The UCI is therefore always multiplexed on only one of the TRPs. 
· In Option 2, the legacy multiplexing rules are followed first, and the TRP selection is applied after. 
· In Option 3, the HARQ-ACK case is considered. In the existing mDCI system, if joint HARQ-ACK is configured, the HARQ-ACK bits from two different coresetPoolIndex are multiplexed together in a single report when the timing of two UCI reports falls in the same slot. If separate HARQ-ACK is configured, the UE reports the HARQ-ACK to the PUSCH associated with the same coresetPoolIndex. The enhancements here consider that with joint HARQ-ACK, Option 2 is followed, and with separate HARQ-ACK, Option 1 is followed. 

Our preference is to consider the additional spatial diversity gains from STxMP if the multiplexing rule is enhanced such that a UE may multiplex the UCI over both PUSCHs. Figure 1 illustrates the two possible multiplexing cases. This is applicable to Option 2 and 3 where the TRP selection is done after applying the legacy priority rules. Our first preference is Option 2, but we can support Option 3 as well as a second preference. 

Observation 4: Multiplexing the UCI over two PUSCHs can benefit from additional spatial diversity. 

Proposal 4: We make the following proposal:
· Support Option 2. 
· Enhance the UCI multiplexing rule to enable the UE to transmit the UCI over one or two PUSCHs. 


[bookmark: _Ref131515640]Figure 1 PUCCH overlapping with STxMP PUSCH
4. CONCLUSIONS
In this contribution we provided our perspective on the Rel-18 STxMP feature. Based on the presented discussion, we make the following observations and proposals:

Observation 1: The overhead savings with increased UE decoding complexity do not seem to justify the high specification impact from redesigning the interpretation of SRS resource set indicator fields. 

Observation 2: Port sharing provides less gains than non-port sharing but enables different UE architectures to support STxMP. 

Observation 3: Group-based beam reporting enhancements should allow the UE indication to differentiate between simultaneous UL transmission and simultaneous DL reception since DL and UL capabilities may differ. 

Observation 4: Multiplexing the UCI over two PUSCHs can benefit from additional spatial diversity. 

Proposal 1: Support Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved. 

Proposal 2: Support Alt1: The gNB configures separate codebook subsets for sTRP and STxMP SDM/SFN transmission. For example, codebook subset configured for STxMP SDM/SFN has precoders that only use part of the ports (e.g., 2 of all 4 ports).  For that, the UE can report separate codebook coherence capability for STxMP SDM/SFN scheme, which is different from the coherence capability reporting for sTRP transmission.

Proposal 3: Support the following:
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the DL transmissions associated to the reported pair of CRIs or SSBRIs can be received simultaneously.
· An indicator field identifies if the reported pair of CRIs are for simultaneous transmission, or simultaneous reception. 

Proposal 4: We make the following proposal:
· Support Option 2. 
· Enhance the UCI multiplexing rule to enable the UE to transmit the UCI over one or two PUSCHs. 
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