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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 STxMP PUSCH and PUCCH.  

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
Number of CWs
One FFS detail with SDM is the number of CWs supported. Up to Rel-17, only a single CW is supported in the uplink, and up to 4 layers are specified for the TPMI. For scheme SDM with 2 CW some existing specification can be reused with some additional changes. Firstly, increasing the UL to 2 CW has no impact on the codeword-to-layer mapping since the total number of layers across the panels is limited to 4. Once the layers are mapped to panels, the UE applies power control and precoding per panel which can be indicated by reusing the Rel-17 mTRP sDCI with some changes to assign the parameters to the layers. Secondly, some additional specification impact is needed to add a second MCS indication. The links between each panel and receiver experience different channel conditions. Mapping a CW per panel allows for an optimal link adaptation to select the best MCS per link instead of determining a single MCS based on the channel across two panels. 

Observation 1: Channel conditions on different panels require different link adaptations. 

Proposal 1: Support 2 CWs.

Inter-panel interference mitigation
In SDM scheme, transmissions overlap in time and frequency, which leads to inter-panel interference. The interference is partially mitigated by the spatial filters if they’re targeting different spatial locations; this is applicable in mTRP scenarios where each panel could be scheduled for a different TRP. However, additional solutions can be introduced in Rel-18 to further reduce the inter-panel interference in mTRP, as well as in other scenarios where spatial separation is harder to achieve (e.g., sTRP with both panels targeting a same TRP). One possibility in the 2 CW case is to enable interference randomization through PUSCH transmissions scrambled with different sequences. 

Observation 2: In SDM scheme, different layers interfere due to overlapping resource assignment from different panels.  

Proposal 2: According to proper configurations from gNB, UE selects different scrambling for the simultaneous PUSCH transmissions for inter-panel interference mitigation. 

Dynamic switching between different panel transmission schemes 
	Support DCI-based dynamic switching between SFN scheme of single-DCI based STxMP PUSCH and sTRP transmission
· The DCI field “SRS resource set indicator” is used to indicate the switching between SFN scheme and sTRP transmission. 
(Conclusion) There is no consensus to support DCI-based dynamic switching between SFN scheme and SDM scheme

For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2:  Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS: To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.



In the last meeting, it was agreed that a DCI can dynamically indicate switching between an RRC-configured STxMP PUSCH scheme (either SFN or SDM), and sTRP transmission. The Rel-17 SRS resource set indicator field is reused for this purpose, where it indicates sTRP transmission with the associated panel, or STxMP. 
On the maximum layers for sTRP transmission, there is an FFS on how it should be configured. For sTRP, we don’t think any changes are required so we support Option 1.

Observation 3: No changes are needed for sTRP maxRank configuration.    

Proposal 3: Support Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec. 

For the indication of maximal layers of SDM transmission, there were 5 different alternatives under consideration last meeting. In Alt1, one new maxRank value is configured for SDM, and the same value is applied per SRS resource set. In Alt1a, the same maxRank from sTRP is configured for SDM, and the same value is applied per SRS resource set. In Alt2, one maxRank is configured independently per SRS resource set. In Alt3, no maxRank is configured and it is determined based on the UE reported capability. In Alt4, the value from sTRP is reused and also applied to the SDM case per SRS resource set. 
UE capabilities are not uniform across all panels, so we think each SRS resource set should be configured with a separate maxRank that is independently determined and explicitly configured. We support Alt2.  

Observation 4: UE capabilities are not uniform across all panels.

Proposal 4: Support Alt2 that is to configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 

In the e-mail discussion leading to this meeting, the FL further discussed two alternatives for the design of the TPMI/SRI fields,
	Alt1: The size of the first TMPI/SRI is determined based on the maximal of {the maximal number of layers of sTRP, the maximal number of layers of the first SRS resource set in SDM} no matter which scheme (sTRP or SDM) is indicated by the DCI.
Alt2: The size of the first TPMI/SRI is determined based on the maximal number of layers of sTRP when the DCI indicates sTRP transmission, while the size of the first TPMI/SRI is determined based on the maximal number of layers of the first SRS resource set in SDM when the DCI indicates SDM transmission. 



In Alt1, the size of the TPMI/SRI field is fixed and independent of the transmission scheme indicated in the DCI (sTRP or SDM). The size depends on the maximum between the number of layers for sTRP and SDM. In case the fields are larger than the number of resources, zero padding is necessary. In Alt2, the size of the TPMI/SRI fields depend on the selected transmission scheme. Zero padding is avoided but the UE’s decoding complexity increases since the DCI does not have a fixed size. In our view, it is preferrable to avoid dynamically changing the DCI size, and we prefer Alt1. 

Observation 5: Dynamically changing the DCI size increases the UE’s decoding complexity.     

Proposal 5: Support Alt1: The size of the first TMPI/SRI is determined based on the maximal of {the maximal number of layers of sTRP, the maximal number of layers of the first SRS resource set in SDM} no matter which scheme (sTRP or SDM) is indicated by the DCI.

Number of SRS resources and SRS ports 
	For the SFN scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Number of SRS resources of SRS resource set, and number of SRS ports of SRS resource 
· The DCI indicates two SRI fields and TPMI fields for SFN transmission, 
· On the indication of number of layers for CB and NCB PUSCH:
· Alt1: Similar to rel-17 mTRP TDM scheme, the number of layers is indicated by the first SRI field (for NCB PUSCH) or the first TPMI field (for CB PUSCH);


	
For STxMP PUSCH, two SRS resource sets are configured with two SRI/TPMI fields to indicate the precoders for NCB/CB-based transmission. It is FFS whether the number of SRS resources and number of SRS ports should be the same. It has been discussed for SDM and SFN.
In Rel-17, it was agreed to support UE capability value set reporting, where the UE reports its maximum number of SRS ports per capability value set. This was introduced under the unified TCI framework and enables the UE to indicate its panel capabilities. Therefore, there is already specification support for UEs with heterogeneous panel configurations. For SDM, the network can choose any set of resources to schedule the UE. For SFN, the network is restricted to use the same number of layers per panel.
 
Observation 6: Rel-17 supports UE capability value set reporting for heterogeneous panel configurations. 

Proposal 6: Number of SRS resources in two SRS resource sets can be different (in SDM or SFN).

DMRS ports for {1+2}
	For SDM scheme single-DCI based STxMP transmission, when L1 and L2 layers are indicated/determined by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH respectively:
· The first L1 indicated DMRS ports correspond to the L1 layers indicated by the first TPMI or SRI field
· The remaining L2 indicated DMRS ports correspond to the L2 layers indicated by the second TMPI or SRI field
· Support at least one of the following options for indication of layer combination {1+2}:
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.
· Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.
· Option 3: For layer combination of {1+2}, the DMRS port in the CDM group with only one port is mapped to the SRI/TPMI field indicating one layer, and the DMRS ports in the CDM group with 2 ports are mapped to the SRI/TPMI field indicating 2 layers
· Other options are not precluded


	
STxMP PUSCH can be transmitted with layer combinations of {1+1}, {2+1}, or {1+2}. The first L1 DMRS ports are associated to the first TPMI/SRI field, and the remaining L2 layers are associated to the second TPMI/SRI field. Currently, the spec does not have any entry for 1+2, so several options are considered to indicate the port assignment. 
· In Option 1, a new entry is added in the DMRS table to define new port assignments. 
· In Option 2, the SRS resource set indicator fields are reused to map the ports to either the first or second TPMI/SRI field. 
· In Option 3, the mapping is based on the number of ports per CDM group. 

It is already agreed that the DMRS ports are not restricted to be in different CDM groups, so Option 1 or 2 are preferred. The SRS resource set indicator has 2 bits to indicate 4 modes: sTRP1, sTRP2, or STxMP. For STxMP, then there are two possible modes to be indicated. The assignment between DMRS ports and SRI/TPMI can be indicated as the two possible modes. Our preference is for Option 2 which may have less spec impact than introducing additional DMRS port tables for Option 1.  

Observation 7: The SRS resource set indicator can indicate two different STxMP modes of operation.  

Proposal 7: Support Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.

STxMP PUCCH 
	Study and evaluate STxMP PUCCH based on the following:
· For single-DCI based STxMP PUCCH transmissions, companies to provide the detailed description of the scheme being evaluated along with evaluation results in contribution.


	
In the RAN1 #110 August meeting [3], it was agreed to study STxMP PUCCH. Then, in the RAN1 #111 November meeting, it was further concluded that there was no consensus to support mDCI STxMP PUCCH+PUCCH. 
Rel-17 PUCCH cannot be transmitted in STxMP mode of operation. For sDCI case, a UE receives a DL grant with a single PRI and K1 value that indicates to the UE one PUCCH resource to use for feedback of HARQ/ACK with a time offset of K1. To transmit a CSI report, a UE receives a preconfigured PUCCH resource. If multiple CSI reports are scheduled for the same slot, priority rules determine which ones are dropped or concatenated into one transmission. With a single CSI report in a single or multiple parts, contents of the CSI report can also be dropped according to priority rules. With STxMP PUCCH, there are new multiplexing and dropping rules to consider. For example, instead of dropping colliding CSI reports according to different priority indices, a UE with STxMP PUCCH could be enabled to transmit both simultaneously.  

Observation 8: Multiplexing and dropping rules for UCI on PUCCH don’t consider the STxMP PUCCH case.     

Proposal 8: Enhance CSI multiplexing and priority rules to support STxMP PUCCH.  

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: Channel conditions on different panels require different link adaptations. 

Observation 2: In SDM scheme, different layers interfere due to overlapping resource assignment from different panels.  

Observation 3: No changes are needed for sTRP maxRank configuration.    

Observation 4: UE capabilities are not uniform across all panels.

Observation 5: Dynamically changing the DCI size increases the UE’s decoding complexity.     

Observation 6: Rel-17 supports UE capability value set reporting for heterogeneous panel configurations. 

Observation 7: The SRS resource set indicator can indicate two different STxMP modes of operation.  

Observation 8: Multiplexing and dropping rules for UCI on PUCCH don’t consider the STxMP PUCCH case.     


Proposal 1: Support 2 CWs.

Proposal 2: According to proper configurations from gNB, UE selects different scrambling for the simultaneous PUSCH transmissions for inter-panel interference mitigation. 

Proposal 3: Support Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec. 

Proposal 4: Support Alt2 that is to configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 

Proposal 5: Support Alt1: The size of the first TMPI/SRI is determined based on the maximal of {the maximal number of layers of sTRP, the maximal number of layers of the first SRS resource set in SDM} no matter which scheme (sTRP or SDM) is indicated by the DCI.

Proposal 6: Number of SRS resources in two SRS resource sets can be different (in SDM or SFN).

Proposal 7: Support Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.

Proposal 8: Enhance CSI multiplexing and priority rules to support STxMP PUCCH.  
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