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Introduction
In 3GPP RAN #102 meeting, a new work item on further enhancement of MIMO was approved [1], which includes 3-antenna-port codebook-based transmissions:
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 further discuss some issues related to 3-antenna-port codebook-based transmissions. 
[bookmark: _GoBack]Discussion
2.1 SRS resource to support 3-antenna-port transmissions
In the current specification, the transmission precoder is selected from the uplink codebook, which has a number of antenna ports equal to the higher layer parameter nrofSRS-Ports in SRS-Config. The number of SRS ports can be configured to 1, 2, 4, or 8 ports for one SRS resource. There is no SRS resource with 3 ports. Because there is no enhancement on the SRS resource, the main concern is how to configure an SRS resource to operate with three ports. At the RAN1 #116 meeting, the following two alternatives were agreed for further selection:
	Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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 a 3-antenna-port codebook-based UL transmission, study power split for each port of SRS and PUSCH.


There are two alternatives for the 3-port SRS configuration supporting codebook-based UL transmission. Regarding Alt 1, it is straightforward that one 4-port SRS resource is indicated with the first three ports being utilized and the last port is muted. The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) within the SRS resource, and TPMI is applied to the first three antenna ports. Figure 1 illustrates an example of how to use an SRS resource with four antenna ports. 


Figure 1 4-port SRS resource
Regarding the value of X, in current specification, if one SRS resource set is configured with usage set to codebook, the srs-ResourceIdList can contain at most 2 entries. We support the same rule as in the current specification, where X can be 1 or 2 for Alt1.
[bookmark: OLE_LINK20]Compared with Alt1, Alt 2 uses the combination of 1-port and/or 2-port SRS resources with much more specification impact, for example:
· The enhancement for the configuration of SRS resources in one set with different numbers of ports (one port and two ports).
· Potential enhancement for SRI.
· The mapping between SRS port(s) and PUSCH port(s).
· More complicated power splitting rule.
· ……
[bookmark: OLE_LINK6]In conclusion, we support Alt1 with X equal to 1 or 2 to achieve a 3-port SRS resource. Another issue is power splitting for each port of SRS and PUSCH for Alt1. It is more appropriate to split power among ports that are not muted, and UE should split power over 3 SRS ports.
Proposal 1: Support Alt1 to achieve 3-port SRS resource
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one of the ports is muted
· The last port of 4-port SRS resource is muted.
· The value of X is 1 or 2.
· SRS power is equally split over 3 SRS ports.

2.2 PTRS-DMRS association
At the RAN1#116 meeting, the following agreements were achieved for PTRS-DMRS association indication.
	Agreement
For a 3-antenna-port codebook-based UL transmission, study PTRS-DMRS association.

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.


One or two PTRS ports can be configured in PTRS-UplinkConfig. In the current specification, when one PTRS port is configured, 2 bits can be used to indicate the association between DMRS ports indicated by Antenna ports field and the PTRS port. No matter the number of indicated DMRS ports is 1/2/3/4 (related to the number of rank), Table 7.3.1.1.2-25 is used. Similarly, when two PTRS ports are configured, MSB and LSB can be used to indicate the association between DMRS ports indicated by the Antenna ports field and the two PTRS ports. For both one or two PTRS ports, same tables can be applied to 2-port, 3-port and 4-port uplink transmissions, there is no need to enhance PTRS-DMRS association field in DCI.
Proposal 2: Subject to UE capability, up to 2 PTRS ports can be configured in PTRS-UplinkConfig,
· Reuse the current PTRS-DMRS association field without modification.

2.3 TPMI indication
At the last meeting, the following non-coherent precoders are supported for 3-port UL transmission:
Table 1
	Transmission layers
TPMI index
	Precoding matrix

	Single layer
TPMI index 0 - 2
	   
	    
	

	Two layers
TPMI index 0 - 2
	   
	   
	

	Three layers
TPMI index 0
	


The UE determines its codebook based on the TPMI. In current specification, the number of TPMI bits is determined based on the ‘codebookSubset’ configuration, full power mode, the configuration of maxRank and the number of antenna ports. Based on the non-coherent codebooks, when the UE needs to perform a 3-antenna-port transmission, the TPMI tables corresponding to different conditions are illustrated as following:
· If ul-FullPowerTransmission is not configured, or if it is configured to fullpower and maxRank is set to 1, then for CP-OFDM/DFT-s-OFDM transmission, the number of TPMI bits is 2. In this case, TPMI for three antenna ports is indicated in Table 2:
Table 2
	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 ul-FullPowerTransmission is not configured, or if it is configured to fullpower and maxRank is set to 2 or 3, then for CP-OFDM transmission, the number of TPMI bits is 3. In this case, TPMI for three antenna ports is indicated in Table 3:
Table 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
	[bookmark: OLE_LINK26][bookmark: OLE_LINK27]2 layers: TPMI=2

	6
	3 layers: TPMI=0

	7
	Reserved



Proposal 3: TPMI field could be 2 or 3bits for 3-antenna-port transmission
· For maxRank equals to 1, TPMI field could be 2 bits for DFT-s-OFDM and CP-OFDM.
· For maxRank equals to 2 or 3, TPMI field could be 3 bits for CP-OFDM.

2.4 Maximal transmission layers for 3-port uplink transmission
According to the current specifications, the potential supported maximum number of transmission layers reported by the UE for codebook-based PUSCH transmission are either 1, 2, or 4. This can be reported by UE capability MIMO-LayersUL defined in TS38.331 as follows:
	MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, fourLayers}


However, even if a UE is equipped with 3TX, the possible reporting candidate becomes 2 for the UE. If the UE only reports its capability as 2, then the gNB should configure a corresponding value of maxRank that is either equal to or less than 2.
Based on the above discussion, maxRank equals to 3 cannot be supported for 3-port transmission in the current specification. Therefore, reporting the maximum number of layers as 3 should be supported.
Proposal 4: Introduce a UE capability for reporting a value of 3 for the maximum number of layers by codebook based PUSCH transmission.
· ENUMERATED {oneLayer, twoLayers, threeLayers, fourLayers}

Conclusions
In this contribution, we discuss some issues related to 3-antenna-port codebook-based transmissions. Based on the discussion, the following proposals are made:
Proposal 1: Support Alt1 to achieve 3-port SRS resource
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one of the ports is muted
· The last port of 4-port SRS resource is muted.
· The value of X is 1 or 2.
· SRS power is equally split over 3 SRS ports.
Proposal 2: Subject to UE capability, up to 2 PTRS ports can be configured in PTRS-UplinkConfig,
· Reuse the current PTRS-DMRS association field without modification.
Proposal 3: TPMI field could be 2 or 3bits for 3-antenna-port transmission
· For maxRank equals to 1, TPMI field could be 2 bits for DFT-s-OFDM and CP-OFDM.
· For maxRank equals to 2 or 3, TPMI field could be 3 bits for CP-OFDM.
Proposal 4: Introduce a UE capability for reporting a value of 3 for the maximum number of layers by codebook based PUSCH transmission.
· ENUMERATED {oneLayer, twoLayers, threeLayers, fourLayers}
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