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[bookmark: OLE_LINK3]Introduction
In RAN#102 meeting, Rel-19 WID of support for 3-antenna-port codebook-based transmission is approved. The detail is given as follows [1].
	4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.


In this contribution, we provide our views on some details of support for 3-antenna-port codebook-based transmission, including the non-coherent codebook, the scheme of 3-port SRS transmission, etc. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]TPMI indication for 3Tx UL transmission
In RAN1#116 meeting, the non-coherent codebook for 3Tx UL transmission was agreed as follows [2]: 
	Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for single-layer transmission.

[bookmark: OLE_LINK1]Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for two-layer transmission.

Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for three-layer transmission.



For codebook-based UL transmission, the transmission rank and the precoding matrix are indicated by TPMI. In legacy, for the sake of DCI overhead reduction, one table is used for TPMI indication when the maxRank equals to one, and another table is used when the maxRank is larger than one. The same indication mechanism can be reused for 3Tx UL transmission as follows:
· [bookmark: OLE_LINK8]If maxRank is configured as 1, Table 2-1 can be used for TPMI indication.
Table 2-1: Precoding information and number of layers, for 3 antenna ports, maxRank = 1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved



· If maxRank is configured as 2 or 3, Table 2-2 can be used for TPMI indication.
Table 2-2: Precoding information and number of layers, for 3 antenna ports, maxRank = 2 or 3
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layers: TPMI=0

	4
	2 layers: TPMI=1

	5
	2 layers: TPMI=2

	6
	3 layers: TPMI=0

	7
	Reserved 


Proposal 1: For TPMI indication of 3-antenna-port codebook-based UL transmission, 
· 2 bits can be used for maxRank=1 for CP-OFDM and DFT-s-OFDM, 
· 3 bits can be used for maxRank=2 or 3 for CP-OFDM.
[bookmark: OLE_LINK7]Configuration of SRS for non-coherent codebook for 3Tx 
In RAN1#116 meeting, two alternatives for the SRS configuration for 3Tx UL transmission was agreed for codebook based transmission as follows[2]: 
	Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· Alt2 – Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set,
The value for X is FFS, and it will be determined according to the selected alternative.
Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, one SRS resource set is configured for single TRP operation.


For 3-antenna-port UL transmission, the scheme for 3-port SRS transmission should be determined firstly. Based on the WID, SRS resource enhancements for 3Tx is precluded, i.e., configuring 3 SRS ports in one SRS resource is not supported. In order to achieve the 3-port SRS transmission, the following three alternatives should be considered:
· Alt-1: ‘4-1’ mode. One 4-port SRS resource is configured, but one port is muted in the SRS transmission. As shown in Figure 1, SRS resource 1 is configured with SRS ports 0, 1, 2 and 3, but one of the SRS ports should be canceled for SRS transmission (e.g., SRS port 3) when mapping the SRS ports to antenna ports. One straight way with less spec effort is to ignore the 4th SRS port. Although one 4-port SRS resource is configured, only 3 SRS ports are used for UL transmission, the power for the 3 SRS ports can be determined based on the actual used number of SRS ports, i.e., 3 SRS ports are counted for mode ‘4-1’. Hence, more power is allocated for each SRS port.
[image: ]
Figure 1 ‘4-1’ mapping of SRS antenna ports to PUSCH antenna ports
· Alt-2.1: ‘2+1’ mode. Two SRS resources can be configured, where one SRS resource is configured with 2 SRS ports, and another resource is configured with 1 SRS port. As shown in Figure 2, SRS resource 1 is configured with SRS ports 0 and 1, and SRS resource 2 is configured with SRS port 0. The two SRS resources are combined to achieve 3-port SRS transmission. As agreed in RAN1#116 meeting, only one SRS resource set is supported for single TRP operation. Hence two SRS resources with different number of SRS ports should be supported, and the power for each SRS port should be considered as follows:
· If the 2 SRS resources are transmitted in the same OFDM symbol, the power for each SRS port should be the same.
· If the 2 SRS resources are transmitted in different OFDM symbols, it is possible to set power of each port in different symbols. However, the imbalanced power among these SRS ports may impact network evaluation and may further impact performance of PUSCH. So the power for each SRS port should be the same, and determined by the power of the SRS resource that is configured with a larger number of ports among the 2 SRS resources, e.g. the 2-port SRS resource/SRS resource 1.
[image: ]
Figure 2 ‘2+1’ mapping of SRS antenna ports to PUSCH antenna ports
· Alt-2.2: ‘1+1+1’ mode. Three SRS resources are configured, and each SRS resource is configured with 1 SRS port. Those three SRS resources are combined to achieve 3-port SRS transmission, and the power of each SRS port or resource should be the same.
[image: ]
Figure 3 ‘1+1+1’ mapping of SRS antenna ports to PUSCH antenna ports
For SRI indication, legacy scheme indicating one SRS resource from one SRS resource set can be reused for the ‘4-1’ mode. But if more than one SRS resources are used to achieve the 3-port SRS transmission (i.e., the ‘1+1+1’ and ‘2+1’ modes), some further enhancement is needed to indicate more than one SRS resources by the SRI. Therefore, the ‘4-1’ mode would cause less spec impact and lower UE complexity.
Proposal 2: For SRS configuration of 3-antenan-port codebook-based transmission, Alt1 should be supported as a baseline, and then Alt2 can be supported subjective to UE capability.
· For Alt-1(‘4-1’), only one SRS resource is supported, and the transmission power is equally split to 3 SRS ports.
· For Alt-2(‘2+1’), two SRS resources are supported with different number of SRS ports, and the transmission power of each SRS port should be the same regardless whether the SRS resources are transmitted on the same or different OFDM symbols.
· For Alt-2(‘1+1+1’), three SRS resources are supported and the transmission power of each SRS port should be the same.
PTRS-DMRS association for 3Tx UL transmission
In RAN1#116 meeting, one antenna configuration with a cross-polarized and a single-polarized antennas and up to 2 PTRS ports was agreed for codebook-based transmission as follows [2]: 
	Agreement
For codebook-based transmission by a 3TX UE, 
· Only PUSCH antenna ports 1000, 1001, 1002 are used
· Option- 2: Subject to UE capability, up to 2 PTRS ports may be configured in PTRS-UplinkConfig, 
· FFS whether a single bit or 2 bits are used for PTRS-DMRS association indication.
Above is only for single panel transmission.
Agreement
For performance evaluation of 3TX UE, consider following reference configurations,
· A linear array (1D) of single-polarized antenna configuration with a spacing of 0.5λ, 
· For example:		 |
· A configuration of a cross-polarized and a single-polarized antennas, 
· For example:		 


In view of 3Tx with a cross-polarized and a single-polarized antennas is quite similar with 4Tx with 2 cross-polarized antennas, hence, the legacy indication of PTRS-DMRS association can be a start point for 3Tx. In current specification, 2 bits in DCI is used to indicate the PTRS-DMRS association when maxRank <= 4. Compared with 4-antenna-port UL transmission, whether the 2 bits for PTRS-DMRS association is redundant for 3-antenna-port UL transmission should be further considered.
If two PTRS ports are configured, then 2 SRS ports share one PTRS port and the other SRS port share another PTRS port. For non-coherent codebook-based transmission, each SRS port is associated with one DMRS port, hence, only 2 DMRS port share one PTRS port, and the other DMRS port is associated with another PTRS port. In such case, if the association of SRS ports and PTRS port is determined, only the association of 2 DMRS ports that share one PTRS port need to be indicated, i.e., 1 bit is used to indicated which DMRS port from the 2 DMRS ports that share a common PTRS port is associated with the PTRS port, as shown in Table 4-1.
Table 4-1: PTRS-DMRS association
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port


Proposal 3: For PTRS-DMRS association of 3-antenan-port codebook-based UL transmission, support that 1-bit indication when two PTRS ports are configured.
Further, if only one PTRS port is configured, then all the transmission layers share one PTRS port. A max number of 3 DMRS ports can be supported for 3Tx, hence the following two alternatives can be considered for the indication of PTRS-DMRS association:
· [bookmark: OLE_LINK14]Alt-1: 2-bit indication. In such case, 3 codepoints are used to indicate which DMRS port is associated with the PTRS port, and then the rest one is reserved, as shown in Table 4-2.
Table 4-2: PTRS-DMRS association
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	Reserved 


· Alt-2: 1-bit indication. One DMRS port is precluded in the association. Then 2 codepoints are used to indicate one DMRS port from the remaining two DMRS ports that is associated with the PTRS port. The table for PTRS-DMRS association is shown in Table 5-3. Note that, based on Table 4-3, one better DMRS port between the two DMRS ports can be selected to be associated with the PTRS port. In other words, it ensures that the PTRS port would not be associated with the worst DMRS port. 
Table 4-3: PTRS-DMRS association
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port


[bookmark: OLE_LINK15]Based on the above analysis, 1-bit indication for maxNrofPorts=1 is preferred for less DCI overhead and unified design with maxNrofPorts=2.
Proposal 4: For PTRS-DMRS association of 3-antenan-port codebook-based UL transmission, support that 1-bit indication when one PTRS port is configured.
Conclusion
In this contribution, we provide our views on the support for 3-antenna-port codebook-based transmission, and we have the following proposals. 
Proposal 1: For TPMI indication of 3-antenna-port codebook-based UL transmission, 
· 2 bits can be used for maxRank=1 for CP-OFDM and DFT-s-OFDM, 
· 3 bits can be used for maxRank=2 or 3 for CP-OFDM.
Proposal 2: For SRS configuration of 3-antenan-port codebook-based transmission, Alt1 should be supported as a baseline, and then Alt2 can be supported subjective to UE capability.
· For Alt-1(‘4-1’), only one SRS resource is supported, and the transmission power is equally split to 3 SRS ports.
· [bookmark: _GoBack]For Alt-2(‘2+1’), two SRS resources are supported with different number of SRS ports, and the transmission power of each SRS port should be the same regardless whether the SRS resources are transmitted on the same or different OFDM symbols.
· For Alt-2(‘1+1+1’), three SRS resources are supported and the transmission power of each SRS port should be the same.
Proposal 3: For PTRS-DMRS association of 3-antenan-port codebook-based UL transmission, support that 1-bit indication when two PTRS ports are configured.
Proposal 4: For PTRS-DMRS association of 3-antenan-port codebook-based UL transmission, support that 1-bit indication when one PTRS port is configured.
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