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Background
In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. According to the WID, the following work item needs to be studied, and if justified, specified.
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.

In this contribution, we share our views on UL multi-panel transmission.

Discussions
1.1. Codebook for single-DCI based STxMP SFN
For maximal numebr of layers of single-DCI based SFN scheme, the following agreement was made.
	Agreement
For the single-DCI based STxMP PUSCH SFN scheme, the maximal number of layers is up to 2




In the draft CR 38.212, the association between precoder and layers is described as follows.
	6.1.1.1	Codebook based UL transmission
------------------------------omitted------------------------------
When higher layer parameter multipanelScheme set to ‘SFNscheme’ and two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook', two SRI(s), and two TPMI(s) are given by the DCI fields of two SRS resource indicator and two Precoding information and number of layers in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2. 
-	When  codepoint “10” of SRS Resource Set indicator is indicated, the first TPMI is used to indicate precoder to be applied over layers {0…v-1} and the second TPMI is used to indicate the precoder to be applied over layers {0…v-1}, where  v ≤ maxRankSfn or maxRankSfnDCI-0-2 and maxRankSfn or maxRankSfnDCI-0-2 defining the maximum number of layers applied over the first SRS resource set and over the second SRS resource set separately. 
-	When codepoint “00” or “01” of SRS Resource Set indicator is indicated, the second SRI and second TPMI are reserved, the first TPMI is used to indicate precoder to be applied over layers {0…v-1}, where v ≤ maxRank and where maxRank is defining the maximum number of layers applied over the first SRS resource set or the seoncd SRS resource. 
-	Codepoint “11” of SRS Resource Set indicator is reserved. 
-	For one or two TPMI(s), the transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to nrofSRS-Ports in SRS-Config for the indicated SRI(s), as defined in Clause 6.3.1.5 of [4, TS 38.211]. 
-	When two TPMIs are indicated, the UE shall expect that the number of SRS antenna ports associated with two indicated SRIs to be the same. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. Each of the indicated one or two SRI(s) in slot n is associated with the most recent transmission of SRS resource of associated SRS resource set identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI. When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook', the UE is not expected to be configured with different number of SRS resources in the two SRS resource sets.




According to the description, when codepoint “10” of SRS Resource Set indicator is indicated, the first precoder is indicated by the first TPMI and the second precoder is indicated by the second TPMI, and then both precoders are applied to the same layers {0…v-1}. However, it is not clear whether to map the precoded informations to same antenna ports (Interpretation #1) or different antenna ports (Interpretation #2). When the first precoder W1 and the second precoder W2 is applied to layer {v0, v1}, the antenna port mapping for each interpretation can be expressed as follows.
Table 1. Interpretations for layer-to-antenna port mapping in SFN scheme 
	Interpretation #1
	Interpretation #2

	
	



For Interpretation#1, the layers {v0, v1} are precoded by different precoder and mapped to same antenna ports. That means precoded informations interfere to each other. For Interpretation#2, the first precoded layers are mapped to antenna ports {p0, p1} and the second precoded layers are mapped to antenna ports {p2, p3}. That is, each of precoded information is free of interference. Perhaps Interpretation#2 is the common understanding, in that case, the additional restriction that the number of layers must be less than half the number of antenna ports is necessary.
This issue was discussed in the last meeting, but we didn’t achieve any agreement or conclusion. In order to prevent the interference from other precoded layer and to clarify the specification, the additional restriction should be supported.
Proposal 1: For single-DCI based STxMP SFN scheme, layers applied with different precoders should be mapped to different antenna ports.
Proposal 2: For single-DCI based STxMP SFN scheme, the number of layer should be less than half the number of antenna ports
Proposal 3: The following TP should be adopted in TS38.214 or TS38.211:
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6.1.1.1	Codebook based UL transmission
< Unchanged parts are omitted >
When higher layer parameter multipanelScheme set to ‘SFNscheme’ and two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook', two SRI(s), and two TPMI(s) are given by the DCI fields of two SRS resource indicator and two Precoding information and number of layers in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2. 
-	When  codepoint “10” of SRS Resource Set indicator is indicated, the first TPMI is used to indicate precoder to be applied over layers {0…v-1} and the second TPMI is used to indicate the precoder to be applied over layers {0…v-1}, where  v ≤ maxRankSfn or maxRankSfnDCI-0-2 and maxRankSfn or maxRankSfnDCI-0-2 defining the maximum number of layers applied over the first SRS resource set and over the second SRS resource set separately. 
-	The layers to which the precoder indicated by the first TPMI is applied and the layers to which the precoder indicated by the second TPMI is applied are mapped to different antenna ports.
< Unchanged parts are omitted >
6.1.1.2	Non-Codebook based UL transmission
When the higher layer parameter multipanelScheme is set to ‘SFNscheme’ and two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook', two SRI(s) are given by the DCI fields of two SRS resource indicator and two Precoding information and number of layers in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2. 
-	When codepoint “10” of SRS Resource Set indicator is indicated, the first SRI is used to indicate resource(s) to be associated with layer(s) {0…v-1} and the second SRI is used to indicate resource(s) to be associated with layer(s) {0…v-1}, where v ≤ Lmax and where Lmax is defined in clauses 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212]. 
-	The layers with which the resources indicated by the first SRI is associated and the layers with which the resources indicated by the second SRI is associated are mapped to different antenna ports.
< Unchanged parts are omitted >



	TP Alt.2
[bookmark: _Hlk498001231]6.3.1.5	Precoding
[bookmark: _Hlk496880698]The block of vectors  shall be precoded according to

where ,. The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214]. 
For non-codebook-based transmission, the precoding matrix  equals the identity matrix.
For codebook-based transmission, the precoding matrix  depends on the number of antenna ports used for the transmission: 
-	for single-layer transmission on a single antenna port, ;
-	for transmissions using 2, or 4 antenna ports,  is given by Tables 6.3.1.5-1 to 6.3.1.5-7;
-	for transmissions using 8 antenna ports,  is given by

	where 
-	the subscripts  and  denote the row of the respective matrix;
-	 is given by Table 6.3.1.5-8;
-	the intermediate precoding matrix  is given by Tables 6.3.1.5-9 to 6.3.1.5-47 with  representing the all-zero matrix with  rows and  columns;
-	the submatrices  are given by Tables 6.3.1.5-25 to 6.3.1.5-28 and 6.3.1.5-37 to 6.3.1.5-38.

The TPMI index used in the tables above is obtained from the DCI scheduling the uplink transmission or the higher layer parameters according to the procedure in [6, TS 38.214]. 
When the higher-layer parameter txConfig is not configured, the precoding matrix .
When the higher-layer parameter multipanleScheme is set to 'SFNScheme' and two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook', and codepoint “10” of SRS Resource Set indicator is indicated, the precoding matrix W is given by

where 
-	the submatrix W1 is associated with first SRS resource set and the the submatrix W2 is associated with second SRS resource set respectively.
< Unchanged parts are omitted >




Conclusion
In this contribution, we have the following proposal:
Proposal 1: For single-DCI based STxMP SFN scheme, layers applied with different precoders should be mapped to different antenna ports.
Proposal 2: For single-DCI based STxMP SFN scheme, the number of layer should be less than half the number of antenna ports
Proposal 3: The following TP should be adopted in TS38.214 or TS38.211:
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