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1. Introduction
A new work item on MIMO evaluation for 3-antenna-port codebook-based transmissions was approved in RAN#102 meeting. Support for 3-antenna-port codebook-based transmissions enhancement is included in the WID [1]. During RAN1 #116 meeting [2], the following agreements were made for 3-antenna-port codebook-based transmissions.
	Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for single-layer transmission.


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.


[bookmark: _Hlk162279876]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.

[bookmark: _Hlk162279816]Agreement
For a 3TX UE, down-select one of the following options for the number of PTRS ports,
· Option-1: A single PTRS port is supported.
· Option- 2: Up to 2 PTRS port may be configured.

Agreement
For a 3-antenna-port codebook-based UL transmission, study PTRS-DMRS association.

Agreement
For a 3-antenna-port codebook-based UL transmission, study power split for each port of SRS and PUSCH.

Agreement
For codebook-based uplink transmission by a 3TX UE, support full-power Mode 0, subject to UE capability.

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, one SRS resource set is configured for single TRP operation.

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.


In this contribution, we mainly share our considerations on TPMI design for 3 TX non-coherent UE, SRS for codebook, aspects related to power scaling, and PTRS-DMRS association indication.

2. Discussion for enabling 3 TX UL transmission 
2.1 single-panel UE and multi-panel UE
In RAN1 #116 meeting, there is no enhancement of 3-antenna transmission for multi- panel scenarios, discussion only considers single panel transmission. But from UE implementations’ perspective, some UEs may have one panel with three antennas to enable up to 3 layers UL transmission, and some UEs may have two panels, where one panel with one antenna, and the other panel with two antennas, two panels could be used in SDM scheme to enable up to 3 layers UL transmission. The single-panel UE and multi-panel UE are shown in Figure 1. These two kinds of UEs could be considered to enable 3 TX UL transmission. 
[image: 图片包含 箭头]
[bookmark: _Ref161847368]Figure 1: Single-panel UE and Multi-panel UE
Proposal 1: From UE implementations’ perspective, both single-panel UE and multi-panel UE could be considered to enable 3 TX UL transmission.

2.2 [bookmark: _Hlk156493800]TPMI design for 3 TX non-coherent UE
In RAN1 #116 meeting, potential solutions for designing non-coherent uplink precoding by a 3TX UE have been agreed. We should also consider the design of the TPMI for 3TX, because the 2 TX/4 TX/8 TX UL TPMI design cannot be reused. New TPMI table corresponding to 3 TX non-coherent UE need to be designed: 2 bits for DFT-S-OFDM or 3 bits for CP-OFDM. The newly added TPMI tables are shown in Table 1 and Table 2:
Table 1: Precoding information and number of layers, for 3 antenna ports, if transform precoder is disabled, maxRank = 2 or 3, and ul-FullPowerTransmission is not configured or configured to fullpower
	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



Table 2: Precoding information and number of layers or Second Precoding information, for 4 antenna ports, if transform precoder is enabled and ul-FullPowerTransmission is not configured, or if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission is not configured or configured to fullpower
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	reserved


Proposal 2: For TPMI design of a 3 TX non-coherent UE, add TPMI Table 1 and Table 2 corresponding to 3Tx UE: 2 bits for DFT-S-OFDM and 3 bits for CP-OFDM.

2.3 Enhancement on SRS for codebook
In RAN1 #116 meeting, potential solutions for SRS configuration supporting codebook-based UL transmission by a 3TX UE have been agreed as follows:
	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. 


For Alt1, this solution just mutes one port on the existing 4-port transmission, to consider the orthogonality with other UEs, the cyclic shift used by the transmitted three ports should based on the allocation method of 4 ports, then the cyclic shift of the transmitted three ports is unbalanced. Compared with Alt1, the Alt2 has more advantages. Support configuration of X SRS resources with equal/unequal number of ports in a resource set is more important and helpful for power boosting, configuring the SRS resources to multiple OFDM symbols, the number of SRS ports in each SRS resource is smaller than 3, then the transmission power of each SRS port can be higher than that of a 3-port SRS transmission on one OFDM symbol. As discussed above, we prefer to support the Alt2, and the value of X is same as legacy, X=2.
Proposal 3: Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set, and the X=2.
Above is only for single-panel transmission. In addition, we should also consider multiple-panel UE. For multi-panel UE, the single-panel solution is not applicable. Similar as multi-panel for M-TRP transmission, two SRS resource sets can be configured for multi-panel UE. SRS resource set-1 = {1-port SRS, 1-port SRS}, and SRS resource set-2 = {2-port SRS, 2-port SRS}, as shown in Figure 2. The difference from legacy is that the number of ports in the two SRS resource set is different. The DCI indicates 2 SRI fields.
[image: 形状, 矩形]
[bookmark: _Ref161847509]Figure 2: Configure 2 SRS resource groups with SRS Resource set-1 and SRS Resource set-1 on Mingle-panel UE
Proposal 4: Two SRS resource sets can be configured for multi-panel UE, with SRS resource set-1 = {1-port SRS, 1-port SRS}, and SRS resource set-2 = {2-port SRS, 2-port SRS}.
For multi-panel UE, SRS resource set indication field is reused to indicate the transmission modes of two panels. '00' represents transmission by a 1Tx panel, in which case TPMI is not needed. '01' represents transmission by 2 TX panel, requiring the TPMI field corresponding to 2 TX. '10' indicates SDM transmission with both panels, requiring the TPMI field corresponding to 2 TX. '11' indicates SFN transmission with both panels, in which case TPMI is not needed.
Proposal 5: SRS resource set indication field is reused to indicate the transmission modes of two panels.

2.4 Enhancement on power split
In RAN1 #116 meeting, it is agreed to study power split for each port of SRS and PUSCH.




[bookmark: _Hlk162626010]For configuration of X SRS resources with equal number of ports (e.g. 1 + 1 + 1) in a resource set, the resource allocation methods are shown in Figure 3. These three ports can be FDMed or TDMed. If three 1-port SRS resources are FDMed in one OFDM symbol as shown in Figure 3 (a), the calculated transmit power  is used for each SRS resource if the total UE transmit power for SRS transmission in the transmission occasion does not exceed PCMAX, otherwise, the UE should perform equal power scaling across the three SRS resources. If three 1-port SRS resources occupy three OFDM symbols as shown in Figure 3 (b), then same transmission power is used for three SRS resources, e.g., the calculated transmit power  for the transmission occasion of SRS-1 is used for all three SRS resources. If three 1-port SRS resources occupy 2 OFDM symbols as shown in Figure 3 (c), the calculated transmit power  is used for SRS-1 and SRS-2, if the total UE transmit power for SRS transmission in the transmission occasion of SRS-1 and SRS-2 does not exceed PCMAX, otherwise, the UE should perform equal power scaling across the SRS-1 and SRS-2. The transmission power of SRS-3 should be same as that for SRS-1 and SRS-2. Compared with muting one port of 4-port SRS, there is no need for three ports to equally split the power, which significantly increase the transmission power of SRS and are beneficial for SRS coverage.
[image: ]
[bookmark: _Ref161847621]Figure 3: resource allocation on RE that three 1-port SRS resources in the SRS resource group

Proposal 6: If three 1-port SRS resources are FDMed in one OFDM symbol, the calculated transmit power  is used for each SRS resource if the total UE transmit power for SRS transmission in the transmission occasion does not exceed PCMAX, otherwise, the UE should perform equal power scaling across the three SRS resources. 

Proposal 7: If three 1-port SRS resources occupy three OFDM symbols, then the calculated transmit power  for the first transmission occasion is used for all three SRS resources.

Proposal 8: If three 1-port SRS resources occupy 2 OFDM symbols, the calculated transmit power for the symbol transmitted two SRS resources is used if the total UE transmit power for SRS transmission in the transmission occasion of the symbol transmitted two SRS resources does not exceed PCMAX, otherwise, the UE should perform equal power scaling across the two SRS resources. 
For configuration of X SRS resources with unequal number of ports (e.g. 2 + 1) in a resource set, the resource allocation methods are shown in Figure 4. The three ports can be CDMed, FDMed or TDMed. Similarly, three ports can be configured in one OFDM symbol (as shown in Figure 4 (a)) or two OFDM symbols (as shown in Figure 4 (b)). Currently, a UE splits the SRS transmission power equally across the configured antenna ports for SRS resource. However, the two resources in the SRS resource set correspond to 1-port SRS and 2-port SRS respectively, resulting in same power across two SRS resources but different power across different SRS ports, and it is necessary to ensure that different SRS ports have same transmission power. Two methods can be used to solve this problem: Alt1: a UE may split the SRS transmission power equally across all the SRS antenna ports within the SRS resource set, Alt2: the ratio of SRS transmission power between 1-port SRS and 2-port SRS is 1/2. Alt2 is helpful for power boosting, the transmit power of each SRS port can be higher than that Alt1.
[image: ]
[bookmark: _Ref161847665]Figure 4: resource allocation on RE that a 1-port SRS resource and a 2-port SRS resource in the SRS resource group
Proposal 9: When 1-port SRS resource and 2-port SRS resource are combined for 3-port SRS for codebook transmission, the ratio of SRS transmission power between 1-port SRS and 2-port SRS is 1/2.

2.5 PTRS-DMRS association
In RAN1 #116 meeting, there is an agreement as follows about PTRS-DMRS association indication need to discussion, that is whether a single bit or 2 bits are used for PTRS-DMRS association indication.
	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.


In current specification, DMRS design for rank 1~3 is already supported, and the DMRS related design can be reused for 3Tx. The one or two PTRS ports can be configured. When max number of PTRS port is configured with one PTRS port, for PTRS-DMRS associations, UE ignores the value 3 in DCI. DCI field “PTRS-DMRS association” for DCI format 0_1 and 0_2 can only indicate value 0~2 according to the Table 3, the value 3 in current specification is not expected to be scheduled for 3Tx. When max number of PTRS port is configured with two PTRS ports, PUSCH antenna port 1000 and 1002 in an indicated TPMI share PTRS port 0, and PUSCH antenna port 1001 in an indicated TPMI uses PTRS port 1. For PTRS-DMRS association indication, the 2 DMRS ports share one PTRS port, and the other DMRS port is associated with the other PTRS port. 1 bit is used to indicate 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.
[bookmark: _Ref157939220]Table 3: PTRS-DMRS association for UL PTRS port 0 
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port


Table 4: PTRS-DMRS association for UL PTRS port 0 and 1 
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port


Proposal 10: For PTRS-DMRS association indication, when max number of PTRS port is one, UE ignores the value 3 in DCI. When max number of PTRS port is two, 1 bit is used for PTRS-DMRS association indication, the 2 DMRS ports share one PTRS port, and the other DMRS port is associated with the other PTRS port.
[bookmark: _Hlk161843731]
3. Conclusion 
This contribution provides our views on support for 3-antenna-port codebook-based transmissions. Based on the above discussions, the proposals are as follows:
Proposal 1: From UE implementations’ perspective, both single-panel UE and multi-panel UE could be considered to enable 3 TX UL transmission.
Proposal 2: For TPMI design of a 3 TX non-coherent UE, add TPMI Table 1 and Table 2 corresponding to 3Tx UE: 2 bits for DFT-S-OFDM and 3 bits for CP-OFDM.
Proposal 3: Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set, and the X=2.
Proposal 4: Two SRS resource sets can be configured for multi-panel UE, with SRS resource set-1 = {1-port SRS, 1-port SRS}, and SRS resource set-2 = {2-port SRS, 2-port SRS}.
Proposal 5: SRS resource set indication field is reused to indicate the transmission modes of two panels.

Proposal 6: If three 1-port SRS resources are FDMed in one OFDM symbol, the calculated transmit power  is used for each SRS resource if the total UE transmit power for SRS transmission in the transmission occasion does not exceed PCMAX, otherwise, the UE should perform equal power scaling across the three SRS resources. 

Proposal 7: If three 1-port SRS resources occupy three OFDM symbols, then the calculated transmit power  for the first transmission occasion is used for all three SRS resources.

Proposal 8: If three 1-port SRS resources occupy 2 OFDM symbols, the calculated transmit power for the symbol transmitted two SRS resources is used if the total UE transmit power for SRS transmission in the transmission occasion of the symbol transmitted two SRS resources does not exceed PCMAX, otherwise, the UE should perform equal power scaling across the two SRS resources.
Proposal 9: When 1-port SRS resource and 2-port SRS resource are combined for 3-port SRS for codebook transmission, the ratio of SRS transmission power between 1-port SRS and 2-port SRS is 1/2.
Proposal 10: For PTRS-DMRS association indication, when max number of PTRS port is one, UE ignores the value 3 in DCI. When max number of PTRS port is two, 1 bit is used for PTRS-DMRS association indication, the 2 DMRS ports share one PTRS port, and the other DMRS port is associated with the other PTRS port.
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