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1	Introduction
During RAN#94-e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed. [1]. The objective of the work item concerning precoding for multi-panel UL transmission reads:
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.

For completeness, the full objective is included. Parts that are not applicable for this AI are deemphasized.
In this contribution, we will provide a high-level overview of how the objective should be approached. We will also provide simulation results on the STxMP performance using the agreed EVMs. We will also discuss design aspects of an STxMP solution. 
[bookmark: _Ref178064866]2	Discussion
UEs operating in FR2 are commonly equipped with multiple antenna panels, where each antenna panel can perform analog beamforming. The panel layout is up to UE design, and the selection of which panel to use for transmission is left to UE implementation. The UE selects one beam for reception and transmission in a panel of its choice. The NW must know from which direction it will receive the UL signals and configures the UE with a spatial relation or an UL TCI state. 
Fundamentally, it would be beneficial if the UE could transmit using more than one panel, and there is nothing in the standard that prevents the UE from doing that: it could transmit identical signals from the two panels. 
Simultaneous multi-panel transmission (STxMP) was discussed in Rel-16. The motivation was to investigate if it is possible to improve the performance as compared to single-panel transmission, or transparent transmit diversity. However, a UE that is capable of simultaneous transmission over multiple panels has high complexity, and STxMP was discarded early in the Rel-16 discussion and was never really considered due to the increased complexity of the UE implementation. Still in Rel-18, there are complexity concerns, and the gains for the feature must motivate that increased complexity. 
RAN1 will specify the beam indication aspects in AI 9.1.1.1. The beam indication aspects would include a method to provide the UE with up to two UL TCI states. The mapping between an UL TCI state and a PUSCH transmission will also be part of the beam indication design. 
The precoding aspects will be defined in AI 9.1.4.1. For codebook-based UL transmission, the precoder is selected from a codebook, and the signaled TPMI indicates which of the precoders in the codebook that the UE should use. For non-codebook-based UL transmission, the gNB determines the beams that the UE uses through SRI signaling.
2.1	Evaluation results
A remaining issue is whether two CWs will be supported for STxMP PUSCH in addition to one CW. The assumption was that performance would be better with two CWs, one per TRP/panel, since the MCS could be separately adjusted. 
2.1.1	System-level simulation setup
To evaluate the performance of STxMP, system-level simulations have been performed according to the agreed EVM (the details are provided in the Appendix), a single-carrier FR2 system is considered. Two scenarios have been selected for the simulations: Indoor hotspot (InH) and dense urban.
The UE is equipped with two panels each with four dual-polarized antenna elements arranged in a ULA. The UE transmit power is 23 dBm per panel for the scenario. We’ve also simulated a total UE power of 23 dBm. We note that both values are unrealistically high. 
The UE uses per-panel (it is assumed that coherency cannot be maintained over UE panels) SVD precoding to transmit up to two layers from each panel to each TRP.
2.1.2	System-level simulation results
The InH scenario is favorable for STxMP where low inter-site distance and pathloss allow transmission from both panels with high MCS to the receiving TRPs enabling up to rank-4 UL transmissions. The results comparing the performance with one and two CWs are depicted in Figure 1. Here, each UE panel has two ports (one per polarization) and per-UE power control is used.
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[bookmark: _Ref111215433]Figure 1	Mean and cell-edge user throughput with STxMP for the InH scenario, one and two CWs, and with joint power control over the UE panels.
From Figure 1, we note that two CWs yields limited gains in terms of mean user throughput and that cell-edge user throughput gains are insignificant.
[bookmark: _Toc118723270]With per-UE power control, the throughput gains with two CWs compared to one CW is marginal.
Note that the simulations above are for per-UE power control. This means that the two panels use the same transmit power, which in turn means that the quality of the transmissions differ. In the RAN1#110bis-e meeting, it was agreed that two SRS resource sets (one per UE panel) is supported for STxMP, which could enable separate/independent power control for each panel. With per-panel power control, it is expected that the difference in performance between one and two CWs will be even less pronounced as SNR differences can be equalized (e.g., it is more likely that the same MCS is used over two CWs). 
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[bookmark: _Ref118722551]Figure 2	Mean and cell-edge user throughput with STxMP for the InH scenario, one and two CWs, and with separate power control per UE panel.
In Figure 2, we repeat the one versus two CWs comparison for the case when per-panel power control is used. We observe that 1) per-panel power control results in higher throughput compared to per-UE power control and 2) the performance difference between one and two CWs is insignificant in terms of both mean and cell-edge user throughput.
[bookmark: _Toc118723271]With per-panel power control, the benefits of two CWs compared to one CW is smaller than with per-UE power control.
We have also compared the performance of one and two CWs for the dense urban scenario, for the case of per-panel power control, and the results are shown in Figure 3.
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[bookmark: _Ref118553283]Figure 3	Mean and cell-edge user throughput with STxMP for the dense urban scenario, one and two CWs, and with separate power control per UE panel.
As for the InH scenario, the performance gain with two CWs compared to one CW is not substantial for the dense urban scenario. 
2.1.3	Concluding remarks
Currently in NR, one CW is used for up to four layers. In general, staying with a single-CW design is quite beneficial from a higher-layer point of view since there are no impacts to HARQ. The overhead also increases with an increased number of CWs. Finally, it is good to have a consistent rule when it comes to the relation between the number of layers and CWs, to limit the number of options as there are too many options in NR already. Based on this discussion, and the simulation results, we propose the following:
[bookmark: _Ref115259477][bookmark: _Toc118723278]Specify only single-CW transmission for STxMP.
2.2	Design considerations for single-DCI based STxMP
The WID states that precoding for both single-DCI and multi-DCI mTRP should be considered. In this section, we discuss design cosideration for single-DCI based STxMP. 
The following working assumption was made in RAN1#110: 
Working assumption (RAN1#110)
Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.

During the RAN1#110bis-e meeting, it was agreed that SFN will be supported. Therefore, with Proposal 1 in mind, we propose to:
[bookmark: _Ref115259852][bookmark: _Toc115449514][bookmark: _Toc118723279]Confirm the above working assumption with the following updates:
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system:
· SDM scheme with 1CW,
· SFN scheme. In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
With single-DCI mTRP, the PUCCH is typically transmitted towards one TRP. It would be beneficial to support also STxMP transmission for PUCCH.  The WID states that we could specify beam indication for PUCCH. Hence, we propose:
[bookmark: _Ref115260512][bookmark: _Toc118723280]Specify beam indication for STxMP transmission of PUCCH. 
Note that Proposal 3 implies that the same bits are transmitted to the one or two TRPs, and that the resource allocation if the same, i.e., we are assuming SFN transmission of the PUCCH. Note that the actual specification work will be performed in AI 9.1.1.1.
The remainder of this section is organized as follows. in Section 2.2.1, we discuss the configuration of SRS resources over two SRS resource sets. In Section 2.2.2, we discuss dynamic switching between sTRP and mTRP transmission. In Section 2.2.3, we discuss which layer combinations that should be supported for SDM STxMP PUSCH. Finally, in Section 2.2.4, we discuss aspects related to DMRS and PTRS configuation.
2.2.1	SRS resource/resource set configuration
Up to Rel-16, a single SRS resource set is used to select which precoder to use for the scheduled PUSCH. In Rel-17, an additional SRS resource set was introduced to handle PUSCH repetition over two TRPs. In the RAN1#110bis-e meeting, the following was agreed:
Agreement (RAN1#110bis-e)
For SDM scheme of single-DCI based STxMP PUSCH.
· Configure two SRS resource sets for CB or NCB. 
· FFS: These two SRS resource sets can have different number of SRS resources for codebook-based or non-codebook based.
· For codebook-based PUSCH, DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates two SRI fields, and each field indicates SRS resource(s) for each SRS resource set separately. 
· FFS: For codebook-based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports.

According to the above agreement, two open questions are whether SRS resource sets can have different number of SRS resources and if SRS resources can have different number of ports.
Multi-panel UEs may use panels with a different number of transmit chains. For this reason, in Rel-17, new UE-capability signaling was added to report up to four UE capability values, where each value comprises a number (1, 2, or 4) of SRS ports. A pointer to a UE capability value can be included for each reported beam in a beam report, which informs the NW about the number of SRS ports that is associated with that beam. Such UEs should be supported for STxMP as well, which entails that number of SRS ports (and, hence, the maximum number of layers) can vary over SRS resource sets. 
UE panels with different capabilities should be supported for codebook-based PUSCH, which implies that the number of SRS ports in SRS resources belonging to different SRS resource sets can be different. Hence, we propose: 
[bookmark: _Toc118723281]Support SRS resources with different number of ports if they are in different SRS resource sets.
For non-codebook-based PUSCH, only single-port SRS resources are supported. Hence, supporting UE panels with different number of transmit chains implies that the number of SRS resources per SRS resource set can be different. 
For codebook-based PUSCH, it is already supported in the standard to configure up to two SRS resources, with an equal number of SRS ports, per SRS resource set (except for full-power mode 2, for which up to four SRS resources with different number of SRS ports per SRS resource set is possible) [2]:
Excerpt from 3GPP TS 38.214, Clause 6.1.1.1:
Except when higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2', when multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.

This allows the NW to measure the channel via up to two different virtualizations per SRS resource set and to indicate a preferred virtualization, which should be supported for STxMP as well. 
Based on the above, we propose:
[bookmark: _Toc118723282]Support two SRS resource sets with different number of SRS resources.
2.2.2	Dynamic switching between transmission modes
During the RAN1#110bis-e meeting, it was agreed to support dynamic switching between SDM STxMP and sTRP PUSCH, as captured by the following agreement:
Agreement (RAN1#110bis-e)
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission.
· FFS the indication of dynamic switching.
· FFS: max number of layers when switching to sTRP transmission.

For Rel-17 mTRP PUSCH repetition, dynamic switching between mTRP and sTRP PUSCH operation is supported by two SRS resource sets and through the introduction of a 2-bit SRS resource set indicator field in DCI, for which the first two codepoints indicate sTRP transmission and the last two codepoints indicate mTRP transmission:
· The difference between the first two codepoints is which of the two SRS resource sets that is associated with a PUSCH transmission, i.e., if the transmission is to a first or a second TRP. 
· The difference between the last two codepoints is towards which TRP a first PUSCH repetition is transmitted, i.e., if the first or second SRS resource set is associated with a first slot.
Since it has been agreed to support two SRS resource sets also for STxMP operation, the SRS resource set indicator field can be reused for dynamic switching:
[bookmark: _Ref118498717][bookmark: _Toc118723283]Support dynamic switching between SDM STxMP and sTRP PUSCH using SRS resource set indicator field in DCI.
For mTRP PUSCH repetition, as explained above, two codepoints for mTRP operation are needed because it matters in which order PUSCH is associated with the SRS ports belonging to the first and second SRS resource set. For STxMP operation, PUSCH is transmitted over the SRS ports associated with both SRS resource sets at the same time and, hence, the ordering is irrelevant and one codepoint is enough to indicate SDM STXMP operation (i.e., three codepoints in total are needed for dynamic switching between SDM STxMP and sTRP PUSCH). 
[bookmark: _Ref118496143][bookmark: _Toc118723272]One codepoint in SRS resource set indicator field is sufficient to indicate SDM STxMP.
This implies that, for STxMP, there is one codepoint in the SRS resource set indicator field that is not needed for dynamic switching.
It was also agreed during the RAN1#110bis-e meeting that SFN STxMP should be supported, as captured by the following agreement:
Agreement (RAN1#110bis-e)
Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18.

A remaining issue is how to perform precoding for STxMP SFN. Note that per-panel power control (i.e., two SRS resource sets) and separate precoding (i.e., two SRI/TPMI fields) is desired for SFN STxMP as well. Therefore, to minimize specification impact, we propose to reuse SDM STxMP solution as much as possible: 
[bookmark: _Ref118494937][bookmark: _Toc118723284]Support two SRS resource sets for SFN STxMP PUSCH. 
[bookmark: _Toc118723285]For codebook-based SFN STxMP PUSCH, DCI contains two SRI/TPMI fields, where the number of layers is indicated by one of the TPMI fields. 
[bookmark: _Toc118723286]For non-codebook-based SFN STxMP PUSCH, DCI contains two SRI fields, where the number of layers is indicated by one of the SRI fields.
To support UE panels with different capabilities, SRS resource sets with different number of SRS ports should be supported, not only for SDM STxMP, but for SFN STxMP as well. 
Note that, with Proposal 7, the same DCI fields are needed for both SDM STxMP and SFN STxMP, with the exception that the number of layers for SFN STxMP needs to be indicated only by SRI/TPMI associated with one of the SRS resource sets. 
An open question is how to configure a UE with SFN STxMP PUSCH, i.e., how to indicate to the UE that the same layer(s) should be associated with multiple SRS resource set and transmitted simultaneously. As noted in Observation 3, there is an unused codepoint in the SRS resource set indicator field, which could be used for this purpose:
[bookmark: _Toc118723287]Support dynamic indication of SFN STxMP via SRS resource set indicator field in DCI.
Note that this proposal enables dynamic switching between SFN STxMP, SDM STxMP, and sTRP PUSCH. In Table 1, we provide an example of a repurposed SRS resource set indicator field to achieve this functionality. Here, the third codepoint indicates SFN STxMP (e.g., only precoding information for is indicated for the second SRS resource set for codebook-based operation) and the fourth codepoint indicates SDM STxMP (e.g., only precoding information and number of layers are indicated for both SRS resource set for codebook-based operation).
[bookmark: _Ref118497160]Table 1 	Repurposed SRS resource set indicator field for dynamic switching between SDM STxMP, SFN STxMP, and sTRP PUSCH. Here, the first two codepoints correspond to sTRP transmission, the third codepoint correspond to SFN STxMP (number of layers indicated by SRI/TPMI field is associated with one of the two SRS resource sets), and the fourth codepoint correspond to SDM STxMP (number of layers separately indicated by SRI/TPMI fields associated with each of the two SRS resource sets).
	Bit field mapped to index
	SRS resource set indication

	0
	SRS resource indicator field and Precoding information and number of layers field are associated with the first SRS resource set;
Second SRS resource indicator field and Second Precoding information field are reserved.

	1
	SRS resource indicator field and Precoding information and number of layers field are associated with the second SRS resource set;
Second SRS resource indicator field and Second Precoding information field are reserved.

	2
	SRS resource indicator field and Precoding information and number of layers field are associated with the first SRS resource set;
Second SRS resource indicator field and Second Precoding information field are associated with the second SRS resource set.

	3
	SRS resource indicator field and Precoding information and number of layers field are associated with the first SRS resource set;
Second SRS resource indicator field and Second Precoding information and number of layers field are associated with the second SRS resource set.



It was also discussed in RAN1#110bis-e whether dynamic switching between Rel-18 STxMP PUSCH and Rel-17 mTRP PUSCH repetition should be supported:
Agreement (RAN1#110bis-e)
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, Alt2 is supported. FFS: Whether Alt1 is supported in addition to Alt2.
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme of single-DCI based STxMP PUSCH or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme

With STxMP, it is possible to transmit to both TRPs at the same time. SFN STxMP can increase reliability by transmitting simultaneously the same layer(s) to multiple TRPs. Rel-17 mTRP TDM, on the other hand, is designed to increase reliability for UEs that cannot transmit simultaneously on two panels. Hence, it is not clear what is the advantage of supporting dynamic indication of Rel-17 mTRP TDM repetition if dynamic indication of SFN STxMP is supported.  
Furthermore, Rel-17 mTRP repetition supports up to four layers per SRS resource set, but only up to two layers per SRS resource sets has been agreed for SDM STxMP. Hence, introducing support for dynamic indication of Rel-17 mTRP TDM repetition would result in a two-fold increase in DCI overhead: Additional DCI signaling for the dynamic switching and increased size of SRI/TPMI fields (i.e., to support up to four layers per SRS resource set). For this reason, and since the use case for dynamic switching between SDM STxMP and Rel-17 mTRP TDM is not clear, we propose the following:
[bookmark: _Toc118723288]Do not support dynamic switching between SDM STxMP and Rel-17 mTRP PUSCH repetition.
2.2.3	Supported layer combinations
An unresolved discussion from the RAN1#110bis-e meeting is which layer combinations that should be supported for STxMP PUSCH. The following was previously agreed during the RAN1#110 meeting:
Agreement (RAN1#110)
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2}. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+ and +0 for dynamic switch between single-panel and STxMP (1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.

We realize that with existing agreements, we support the layer combinations {1+1, 1+2, 2+1, 2+2}. On the first FFS in the agreement, we fail to see why we would want to support layer combinations {1+3, 3+1}: the gain of STxMP relies on that each gNB can only receive two layers. If either gNB can receive using more than two layers, the gains most probably vanish:
[bookmark: _Toc118723289]Do not support the layer combinations {1+3, 3+1}.
The second FFS is related to the layer combinations 0+ and +0, where , i.e., to the following FFS on dynamic switching between sTRP and SDM STxMP. 
Agreement (RAN1#110bis-e)
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission.
· FFS the indication of dynamic switching.
· FFS: max number of layers when switching to sTRP transmission.

If Proposal 6 is agreed, handling this type of dynamic switching for  would seem straightforward: the SRS resource set indicator field in DCI can be used. Also, referring to Proposal 6, it would seem unnecessary to support layer combinations 0+ and +0, where :
[bookmark: _Toc118723290]Do not support the layer combinations {0+3, 0+4, 3+0, 4+0}.
2.2.4	DMRS port indication
On DMRS port indication, the following was agreed in RAN1#110bis-e:
Agreement (RAN1#110bis-e)
Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, , indicated by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
·  of the indicated DMRS ports are associated with the  PUSCH layers which are indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest  of the indicated DMRS ports are associated with the  PUSCH layers which are indicated by the second TPMI field for CB PUSCH or the second SRI field for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
Down-select one from the following two Alts for SDM scheme in RAN1#111:
· Alt1: the DMRS ports associated with two TPMI/SRI fields must be in different CDM groups.
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.

According to the above agreement, DMRS ports associated with two SRI/TPMI fields can be in different CDM groups. An open question is whether such DMRS ports can additionally be in the same CDM group. 
For layer combination {}, a natural solution is that the sum  determines which of the existing DMRS port indication tables in [3]  that should be used and that the first  DMRS ports are mapped to a first panel and the last  DMRS ports are mapped to a second panel. For example, with this approach, for single-symbol Type-I DMRS and for 4-layer STxMP PUSCH (i.e., layer combination {2+2}), the occupied DMRS ports are 0–3, where ports {0, 1}, which belong to CDM group 0, are transmitted from a first panel and ports {2, 3}, which belongs to CDM group 1, are transmitted from a second panel. 
Now, if the PUSCH rank is dynamically changed from 4 to 3, the occupied DMRS ports are 0–2 (see [3]). This is suitable if the layer split is {2+1}, such that DMRS ports {0,1} are still transmitted from the first panel and port 2 is still transmitted from the second panel. In other words, the DMRS ports per panel has not changed after rank adaptation. However, if the layer split is {1+2}, DMRS port 0 is transmitted from the first panel and DMRS ports {1, 2} are transmitted from the second panel. Hence, DMRS port 1 that earlier was transmitted from the first panel (and that is in the same CDM group as DMRS port 0 which is still transmitted from the first panel) is now transmitted from the second panel.
At the NW-side, each TRP demodulates the PUSCH transmission using the received DMRS. It is preferable if the properties of the PUSCH received on one TRP only depends on the properties of the PUSCH scheduled to that TRP, and not on the properties of the PUSCH scheduled to the other TRP. In particular, the DMRS used for the PUSCH to TRP2 should not depend on how many layers were scheduled to TRP1:
[bookmark: _Toc118723273]The DMRS ports used for demodulation in one TRP should not depend on the number of layers scheduled in the other TRP.
To avoid this, we propose:
[bookmark: _Toc118723291]The DMRS port association should support that DMRS ports associated with different SRI/TPMI fields are in different CDM groups. 
To support that DMRS ports associated with different SRI/TPMI fields are in different CDM groups it is necessary to add new entries to existing UL DMRS port indication tables. Note that single-DCI NC-JT solution specified in Rel-16, a new single-symbol Type-1 DMRS port entry {0, 2, 3} with 2 CDM groups without data was added to the DL DMRS port indication tables. Complimenting also existing entry {0, 1, 2} in the UL DMRS port indication table with such a new entry would allow rank adaptation without a DMRS port having to switch panel:
[bookmark: _Toc118723292]Add additional entries to antenna port(s) tables to support that DMRS ports associated with different SRI/TPMI fields can be in different CDM groups.
2.3	Design considerations for multi-DCI based STxMP
Fundamentally, precoding for multi-DCI multi-TRP does not require any changes in the specification: each PUSCH is scheduled by its own PDCCH, and the UE would apply the precoder indication in the corresponding UL grant:
[bookmark: _Toc118723274]No precoder enhancement is needed for multi-DCI multi-TRP STxMP transmission.
There is a need to enhance the beam indication, though.
For multi-DCI, the following agreement was made in RAN1#110bis-e:
Agreement (RAN1#110bis-e)
Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Whether/how to associate CORESETPoolIndex with SRS resource set implicitly or explicitly.
· FFS: the maximal number of configured/indicated SRS resources in each set for NCB/CB
· FFS: the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.
· For type 1 CG-PUSCH (if supported), FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH

Fundamentally, configuration of two SRS resource sets reuses the principles of the single-DCI STxMP: there is no differerence in how this is configured. This is needed, since the spatial properties of the two transmissions are different, and For the first FFS, we do not see that it is needed to associate the SRS set with the CORESETPoolIndex: the SRS resource that will be used for the UL transmission will be associated with an indicated TCI state, which determines the direction of the PUSCH transmission:
[bookmark: _Toc118723275]Each SRS resource will be associated with an indication TCI state, which determines the direction of the corresponding PUSCH transmission.
What is required however is to instruct the UE which SRS resource set to use for a PUSCH transmission. One attactive option is to reuse the single-DCI indication:
[bookmark: _Ref118714245][bookmark: _Toc118723276]The SRS resource set indication from single-DCI STxMP can be reused also for multi-DCI STxMP.  
With Observation 7, we align the solution for single-DCI and multi-DCI.
For the last bullet on type 1 CG-PUSCH, we note the following agreement:
Agreement (RAN1#110bis-e)
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH,
· CG-PUSCH + DG-PUSCH.

Hence, type 1 CG-PUSCH is supported, and there is a need to associate the PUSCH with one “TRP”. Here we note that the association would use the same principle: the transmission of type 1 CG-PUSCH would be configured using a SRS resource, which would provide the spatal information on how the PUSCH is transmitted.
In RAN1#110bis-e, the following was agreed:
Agreement (RAN1#110bis-e)
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.

For the FFS, we propose to reuse whatever limitations we agree for single-DCI:
[bookmark: _Toc118723293]Support the same layer combinations for multi-DCI STxMP PUSCH as for single-DCI STxMP PUSCH.
We note that currently, there is no agreement for more than two layers per panel for single-DCI.
2.2.4	Enhancements to group-based reporting
One vital building block in an STxMP solution is to determine if the UE can transmit two signals simultaneously, or rather under what circumstances this is possible. This issue is illustrated in Figure 4.
[image: ]
[bookmark: _Ref115262741]Figure 4	Communication using both panels is not always possible.
To facilitate PUSCH scheduling using STxMP, the NW must be made aware if the UE can communicate with the target TRP(s) using both panels. This problem has been studied before, but in the context of simultaneous reception on different panels. For reception, the problem is solved using a special type of report, the group-based report. In a group-based report, the UE reports a pair of DL RS, and if the NW transmits two DL signals, where the QCL Type D of the first DL signal is given by the first DL RS in the reported pair, and the QCL Type D of the second DL signal is given by the second DL RS in the reported pair, the UE can receive both signals at the same time.
It seems that the group-based reporting could be extended to also inform the NW if the UE could simultaneously transmit two UL signals. Therefore, we propose
[bookmark: _Toc118723294]Study enhancements to group-based reporting as a tool for the NW to schedule STxMP PUSCH.
We note that this topic has been addressed in contributions to AI 9.1.1.1, but in our view, the discussion belongs in AI 9.1.4.1.
For single-DCI based mTRP, the scheduling decisions are sent in one PDCCH, and it is then reasonable to assume that the scheduling decisions are also made in one node. It is then sufficient that the report that describes the possibilities for STxMP also reaches that node. It is then relatively easy for the NW to make an educated decision on whether to use STxMP or not.
For multi-DCI based mTRP, the situation is somewhat different. There is an imprecise assumption on “non-ideal backhaul”, which makes it somewhat blurred what information is available in each “TRP”. If the schedulers operate “independently”, it becomes more difficult for the NW to adjust the scheduling. At least, we need to assume that the report reaches both TRPs:
[bookmark: _Ref118714021][bookmark: _Toc118723277]For multi-DCI, a report that describes when STxMP is possible must reach both TRPs.
Observation 8 states the minimum level of coordination that is needed to make STxMP work for multi-DCI based mTRP. Hence, it is not enough to rely on only semi-static coordination between the TRPs.
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	With per-UE power control, the throughput gains with two CWs compared to one CW is marginal.
Observation 2	With per-panel power control, the benefits of two CWs compared to one CW is smaller than with per-UE power control.
Observation 3	One codepoint in SRS resource set indicator field is sufficient to indicate SDM STxMP.
Observation 4	The DMRS ports used for demodulation in one TRP should not depend on the number of layers scheduled in the other TRP.
Observation 5	No precoder enhancement is needed for multi-DCI multi-TRP STxMP transmission.
Observation 6	Each SRS resource will be associated with an indication TCI state, which determines the direction of the corresponding PUSCH transmission.
Observation 7	The SRS resource set indication from single-DCI STxMP can be reused also for multi-DCI STxMP.
Observation 8	For multi-DCI, a report that describes when STxMP is possible must reach both TRPs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Specify only single-CW transmission for STxMP.
Proposal 2	Confirm the above working assumption with the following updates:
Proposal 3	Specify beam indication for STxMP transmission of PUCCH.
Proposal 4	Support SRS resources with different number of ports if they are in different SRS resource sets.
Proposal 5	Support two SRS resource sets with different number of SRS resources.
Proposal 6	Support dynamic switching between SDM STxMP and sTRP PUSCH using SRS resource set indicator field in DCI.
Proposal 7	Support two SRS resource sets for SFN STxMP PUSCH.
Proposal 8	For codebook-based SFN STxMP PUSCH, DCI contains two SRI/TPMI fields, where the number of layers is indicated by one of the TPMI fields.
Proposal 9	For non-codebook-based SFN STxMP PUSCH, DCI contains two SRI fields, where the number of layers is indicated by one of the SRI fields.
Proposal 10	Support dynamic indication of SFN STxMP via SRS resource set indicator field in DCI.
Proposal 11	Do not support dynamic switching between SDM STxMP and Rel-17 mTRP PUSCH repetition.
Proposal 12	Do not support the layer combinations {1+3, 3+1}.
Proposal 13	Do not support the layer combinations {0+3, 0+4, 3+0, 4+0}.
Proposal 14	The DMRS port association should support that DMRS ports associated with different SRI/TPMI fields are in different CDM groups.
Proposal 15	Add additional entries to antenna port(s) tables to support that DMRS ports associated with different SRI/TPMI fields can be in different CDM groups.
Proposal 16	Support the same layer combinations for multi-DCI STxMP PUSCH as for single-DCI STxMP PUSCH.
Proposal 17	Study enhancements to group-based reporting as a tool for the NW to schedule STxMP PUSCH.
[bookmark: _In-sequence_SDU_delivery]
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Appendix: Simulation parameters
	Parameters
	Values

	Carrier frequency
	30 GHz

	Subcarrier spacing
	120 kHz

	Bandwidth
	80 MHz

	Scenarios
	1: Dense urban (TR 38.913)
2: Indoor hotspot (TR 38.901/802)

	Scheduler
	Proportional fair

	Traffic model
	FTP model 1with 500 kB packet size

	Number of BSs
	1: 7 (3 sectors/cell)
2: 12 (1 sector/cell)

	Number of UEs
	2000

	Handover margin
	3 dB

	MIMO scheme
	SU-MIMO (up to rank 4 per UE, with up to rank 2 per panel).

	Modulation
	Up to 256QAM

	Power control
	 

	BS Antenna Configuration
	1: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), [, ] = (0.5, 0.5) λ 
2: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), [, ] = (0.5, 0.5) λ

	BS antenna radiation pattern
	TR 38.802, Table A.2.1-7

	BS antenna height
	Dense urban: 25 m
Indoor hotspot: 3 m

	BS noise figure
	7 dB

	UE antenna configuration
	(M, N, P) = (1, 4, 2), ,  = 0.5 λ, with 2 back-to-back panels

	UE antenna radiation pattern
	TR 38.802, Table A.2.1-8

	UE distribution
	1: 100% outdoor
2: 100% indoor

	UE antenna height
	1.5 m

	UE speed
	3 km/h

	UE and panel orientation
	Vertical but random in azimuth

	UE transmit power
	23 dBm (up to 23 dBm per panel)
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