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1 Background
In this document we provide our views on SDM schemes for UL multi-panel multi-TRP transmissions, as well as some capability signaling.

In the moderator summary of [109-e-R18-MIMO-06] we see that the WID for MIMO evolution includes
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More specifically, in Section 2.1.1 Round 1 discussion, we have proposal 1:
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We also have item 1.7 of Section 2.1
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Simultaneous multi-panel UL transmission
In multi-panel multi-TRP UL transmission with the SDM scheme, signals arriving at the TRPs can be either separately decodable, or only jointly decodable. So far, separate decoding seems to have been mostly discussed. In R1-2205019 an overview figure is given, which we reproduce in Figure 1. 
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Figure 1. Illustration of PUSCH SDM scheme (reproduced from R1-2205019)

A strong point of the SDM scheme in Figure 1 is that each TRP can process its two layers individually, and merely feed, e.g., log-likelihood-ratios to a CPU which is responsible for final decoding of the CW. On the other hand, a weak point is that the scheme is limited in what TPMIs that can be used (two instances of 2-layer precoding). From first principles, a better structure is according to Figure 2.
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Figure 2. Illustration of an alternative PUSCH SDM scheme.

Although several decoding strategies at the two TRPs exist, a baseline (which is optimal) would be for each TRP to forward its received signals to a CPU which is responsible for both demodulation and CW decoding. Note that the forwarded signals may be processed by, e.g., a matched filter to compress the dimensionality. The implementation In Figure 2 is superior (in terms of throughput) to the one in Figure 1 but brings about a complexity increase at the gNB due to routing/forwarding of signals. For some gNB implementations and traffic situations such complexity increase may not be tolerated while for others it may. Wherefore we reach the following observation and proposal.


Observation 1	The PUSCH SDM scheme in Figure 2 is superior in throughput but inferior in gNB complexity compared with the one in Figure 1.

Proposal 1	The SDM scheme in Figure 2 should be studied within 9.1.4.1. The gNB should indicate to the UE whether the SDM scheme in Figure 1 or 2 should be applied. As a baseline, the one in Figure 1 may be used.



With two codewords, almost verbatim considerations can be made. Either the panels transmit different codewords so that
said codewords are separately decodable at the TRPs, or no codeword is decodable at a single TRP. Again, the former
scheme is inferior to the latter but yields less complexity at the gNB. See Figure 3 for an illustration.

[image: ]
Figure 3. Illustration alternatives for PUSCH SDM schemes with two codewords.


So, similar to proposal 1, we have

Proposal 2	The bottom SDM scheme in Figure 3 should be studied within 9.1.4.1. The gNB should indicate to the UE whether the upper or lower SDM scheme in Figure 3 should be applied. 

Capability signaling related to multi-panel
Reporting ports per panel
In previous discussion within 9.1.4, different companies had different views on reporting the number of ports supported per panel. We argue that realistic implementations have limitations both on the number of supported ports per panel as well as a limitation on the maximum supported number of ports of the modem. Therefore, we propose that the UE shall report the port number combinations that it can support. More specifically, we observe that
Observation 2	Companies have proposed that the UE shall report which of the following combinations it can support: 1+1, 1+2, 2+1, 2+2, 1+3, 3+1.
To take height for further extensions to more than two panels, say  we propose that all values , 
should be reported. A particular value  means that the modem has  ports which can be mounted to panels in the 
set . With that, for , the combinations in proposal 3 can be reported as



or, more compactly, only as . Note that the report (1,1,2) removes port combination 0+4 as a viable option, as that 
would require the report (0,0,4). A UE not supporting 1+3 or 3+1 reports (2,2,0). A UE supporting 1+3 but not 3+1 reports 
(1,2,1). While such reporting may not be necessary for , it is for  as the number of port combinations may
grow.

Proposal 3	3GPP should study efficient methods to report the supported port combinations which easily extend to more than 2 panels. A starting point can be the  number mentioned above.
Beam correspondence per panel 
For some UEs, some panels my be of lesser quality than others and poorly calibrated. Therefore, the UE may lack beam correspondence at a subset of its panels. We propose to signal lack of beam correspondence per panel.
Proposal 4	Beam correspondence can be signaled as a capability per panel.


Declaration of receive and/or transmit only panels
For some UEs in certain applications, some panels may only be capable of either transmission or reception, bot not both. We propose that the UE can signal as a capability if some panels are limited to either transmission or reception.
Proposal 5	If some UE panels are transmit or receive only, this can be signaled as a capability.

Conclusion

Observation 1	The PUSCH SDM scheme in Figure 2 is superior in throughput but inferior in gNB complexity compared with the one in Figure 1.
Observation 2	Companies have proposed that the UE shall report which of the following combinations it can support: 1+1, 1+2, 2+1, 2+2, 1+3,3+1.


Proposal 1	The SDM scheme in Figure 2 should be studied within 9.1.4. The gNB should indicate to the UE whether the SDM scheme in Figure 1 or 2 should be applied. As a baseline, the one in Figure 1 may be used.

Proposal 2	The bottom SDM scheme in Figure 3 should be studied within 9.1.4. The gNB should indicate to the UE whether the upper or lower SDM scheme in Figure 3 should be applied. 

Proposal 3	3GPP should study efficient methods to report the supported port combinations which easily extends to more than 2 panels. A starting point can be the  number mentioned above.

Proposal 4	Beam correspondence can be signaled as a capability per panel.

Proposal 5	If some UE panels are transmit or receive only, this can be signaled as a capability.
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The Rel-18 WID for MIMO Evolution for Downlink and Uplink includes the following objective:

1. 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)

o 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-DCl based multi-TRP operation.

This document summarizes the company proposal of Al 9.1.4.1 and further discussions are to be carried on based on the
Chairman’s guidance:
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Proposal 1.1: For STXMP PUSCH in single-DCI based mTRP system, support the SDM scheme and FDM-B scheme for
codebook-based PUSCH and non-codebook based PUSCH:

 SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from
different UE panels simultaneously.

o Study whether to support 2 CWs in SDM scheme and each of the CW transmitted from one panel.
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UE capability for supporting STMP:
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Proposal 1.1: For STXMP PUSCH in single-DCI based mTRP system, support the SDM scheme and FDM-B scheme for
codebook-based PUSCH and non-codebook based PUSCH:

 SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from
different UE panels simultaneously.

o Study whether to support 2 CWs in SDM scheme and each of the CW transmitted from one panel.
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UE capability for supporting STMP:
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