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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 discuss some issues related to 3-antenna-port codebook-based transmissions. 
Discussion
2.1 Non-coherent UL codebook
It is desired that the NR system can provide various types of services. Some types of services require very heavy UL transmission. While those service require heavy UL transmission, the uplink transmission in NR system has always been restricted by limited coverage and limited throughput. However, in reality, the commercial UEs in the current market are generally restricted by 2 Tx chains. Therefore, the UL throughput of commercial UEs is limited by that. Even though the NR specification supports 4 Tx chain or even more, 4 Tx chains are not likely to be applied in the commercial UEs in the near future due to various commercial factors, including the PA cost and limited size of commercial cell phones. On the other hand, due to the successful evolution of hardware, the advanced UE is capable of supporting 3Tx chains in one same frequency band, which enables UE to boost the UL throughput through using one more chain than 2 Tx chains. That can provide much better user experience for UL-heavy services. Therefore, 3-antenna-port codebook-based transmission is prepared to be supported in Rel-19.
In the current specification, fully/partial/non-coherent codebooks are supported for configurations with two, four, or eight antenna ports. The current specification does not support 3-antenna-port codebooks. Due to the WID’s restriction to only support non-coherent codebook-based transmission, some new non-coherent codebooks for 3-antenna-port transmission need to be defined. For single layer transmission, regardless of DFT-s-OFDM/CP-OFDM transmission, support following precoding matrix using three antenna ports as shown in Table 1. 
Table 1
	TPMI index
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Precoding matrix

	0 – 2
	   
	   
	


[bookmark: OLE_LINK3]For CP-OFDM transmission, support following non-coherent codebooks for two-layer transmission using three antenna ports.
Table 2
	TPMI index
	Precoding matrix

	0 – 2
	   
	  
	


For CP-OFDM transmission, support following non-coherent codebooks for three-layer transmission using three antenna ports.
Table 3
	TPMI index
	Precoding matrix

	[bookmark: _Hlk158111580]0
	


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 1: Following non-coherent codebooks involving different transmission layers can be used for 3-antenna-port codebook-based transmission.

	Transmission layers
	Precoding matrix

	Single layer
	   
	    
	

	Two layers
	   
	   
	

	Three layers
	



2.2 TPMI indication
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 4:
Table 4
	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 5:
Table 5
	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=3

	4
	2 layers: TPMI=4

	5
	[bookmark: OLE_LINK26][bookmark: OLE_LINK27]2 layers: TPMI=5

	6
	3 layers: TPMI=6

	7
	Reserved



Proposal 2: 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.

2.3 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. Two alternatives can be considered to achieve an SRS resource with three ports.
· [bookmark: OLE_LINK8]Alt 1: Adapt a 4-port SRS resource to function as a 3-port SRS resource.
· [bookmark: OLE_LINK9]Alt 2: Combine 1-port and/or 2-port SRS resources to achieve a 3-port SRS resource.
Regarding Alt 1, one 4-port SRS resource is indicated, and one port of the 4-port SRS resource is muted. A predefined rule is required to utilize three of the four SRS ports, for example, the first three ports could be utilized. 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

[bookmark: OLE_LINK20]Regarding Alt 2, combine multiple SRS resources into a 3-port SRS resource. There are several options to implement a 3-port SRS resource. 
· In one option, a 3-port SRS resource can be implemented using a pair of SRS resources that includes a 1-port SRS resource and a 2-port SRS resource. If an SRS resource set has only one pair of SRS resources, the UE should transmit PUSCH using the same antenna ports as those within the pair of SRS resources. However, if an SRS resource set contains more than one pairs of SRS resources, the UE should transmit PUSCH using the antenna ports corresponding to the pair of SRS resources selected by the SRI. For example, as shown in Figure 2, there are two pairs of SRS resources; each pair includes a 1-port SRS resource and a 2-port SRS resource. Based on the configuration of the SRS resource set for 3-port uplink transmission, the SRI can indicate which pair of SRS resources to use. In this option, the configured SRS resource set comprises SRS resources with different numbers of ports (one port and two ports).
· There are other options to implement a 3-port SRS resource. For instance, combining three 1-port SRS resources can also yield a 3-port SRS resource. In this scenario, the configured SRS resource set must include at least three 1-port SRS resources.  If more than three SRS resources are configured in the SRS resource set, SRI is needed to indicate one SRS resource group (each group includes three SRS resources) or indicate three out of configured SRS resources.


Figure 2 Combination of 1-port SRS resource and 2-port SRS resource
Proposal 3: Following two alternatives are considered to achieve 3-port SRS resource
· Alt 1: Adapt a 4-port SRS resource to function as a 3-port SRS resource.
· A predefined rule is required to utilize three of the four SRS ports.
· Alt 2: Combine 1-port and/or 2-port SRS resources to achieve a 3-port SRS resource.
· Further study is required on the configuration of the SRS resource set and SRI enhancement.

2.4 Simulation results
[bookmark: OLE_LINK6]We conducted simulation to prove the performance gain of 3Tx chains for UL-MIMO. Please check the Appendix for the simulation assumptions. The spectral efficiency performance results are shown in Figure 3. It can be observed that for non-coherent codebook-based PUSCH, the 3Tx UL-MIMO can provide ~33% spectral efficiency gains over the 2Tx UL-MIMO transmission.
[image: ]
Figure 3 Performance comparison between 2Tx and 3Tx
Observation 1: For non-coherent codebook-based PUSCH, the 3Tx UL-MIMO can provide ~33% spectral efficiency gains over the 2Tx UL-MIMO transmission.

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:
Observation 1: For non-coherent codebook-based PUSCH, the 3Tx UL-MIMO can provide ~33% spectral efficiency gains over the 2Tx UL-MIMO transmission.

Proposal 1: Following non-coherent codebooks involving different transmission layers can be used for 3-antenna-port codebook-based transmission.

	Transmission layers
	Precoding matrix

	Single layer
	   
	    
	

	Two layers
	   
	   
	

	Three layers
	


Proposal 2: 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 3: Following two alternatives are considered to achieve 3-port SRS resource
· Alt 1: Adapt a 4-port SRS resource to function as a 3-port SRS resource.
· A predefined rule is required to utilize three of the four SRS ports.
· Alt 2: Combine 1-port and/or 2-port SRS resources to achieve a 3-port SRS resource.
· [bookmark: _GoBack]Further study is required on the configuration of the SRS resource set and SRI enhancement.
Appendix
	Parameter 
	value

	channel model 
	TDL-C 30ns, 4x2, 4x3

	Carrier frequency
	3.5GHz

	Waveform
	CP-OFDM

	SCS
	30kHz

	UE speed
	3kmph

	UE configuration 
	2 ports/ 3 ports

	Number of RBs
	8 RBs

	Precoder
	Non-coherent codebook

	Full power mode
	Full power mode 0

	SRS
	Ideal estimation

	DMRS
	2 symbols/type 1
Practical estimation

	Rank
	adaptive

	MCS
	up to 64QAM

	PUSCH
	12 symbols
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