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1. Introduction
In RAN#102[1], a new WID for Rel-19 MIMO evolution was approved[1], with the following objective to support 3-antenna-port codebook-based transmissions:
	2. 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 the support for 3 antenna ports codebook based transmissions.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]2 Discussion
2.1 Codebook design
Regarding non-coherent UL codebook with 2/4/8 antenna ports, the precoders are determined by selecting one or more columns in identity matrix. In detail, the precoders for  layer(s) transmission are determined by selecting  columns in identity matrix, where  is the number of layers. For example, for non-coherent uplink precoding by an 4Tx UE, the precoders for 1/2/3/4 layer(s) are shown in Table 1/2/3/4, respectively.

Table 1: Non-coherent codebook for single-layer UL 4Tx
	
TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0-3
	
	
	
	


Table 2: Non-coherent codebook for two-layer UL 4Tx
	
TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	
0-3
	
	
	
	

	
4-5
	
	
	
-
	
-


Table 3: Non-coherent codebook for three-layer UL 4Tx
	
TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	
0
	
	
-
	
-
	
-


Table 4: Non-coherent codebook for four-layer UL 4Tx
	
TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	
0
	
	
-
	
-
	
-



In Rel-19, three antenna ports codebook based PUSCH transmission is introduced, where the first step is to specify non-coherent UL codebook. Regarding non-coherent UL codebook with three antenna ports, the similar principle can be reused as a starting point. For example, the precoders for single-layer transmission can be determined by selecting one column in the third order identity matrix; the precoders for two-layer transmission can be determined by selecting two columns in the third order identity matrix; the precoders for three-layer transmission can be the third order identity matrix.
Proposal 1: Regarding non-coherent UL codebook with three antenna ports, following precoders can be considered as a starting point:
· the precoders for single-layer transmission can be determined by selecting one column in the third order identity matrix
· the precoders for two-layer transmission can be determined by selecting two columns in the third order identity matrix
· the precoders for three-layer transmission can be the third order identity matrix.
2.2 Antenna port determination
In the current spec, an SRS resource is configured by the SRS-Resource IE and the number of SRS ports of SRS resource is provided nrofSRS-Ports or nrofSRS-Ports-n8 in SRS-Resource. In addition, regarding the antenna port index  of  antenna ports of SRS resource,  when the SRS resource is in a SRS resource set with usage in SRS-ResourceSet not set to 'nonCodebook'.
[bookmark: _GoBack]In Rel-19, since the enhancement on SRS resource is not considered, introducing a new 3 ports SRS resource is undesirable and 4/8 ports SRS resource can be re-used. Regarding the 4/8 ports SRS resource, only 3 antenna ports out of the configured 4/8 ports are sufficient to support 3 antenna ports codebook based PUSCH transmission. To indicate 3 antenna ports out of the configured 4/8 ports of an SRS resource, the selected 3 antenna ports of the configured 4/8 ports of SRS resource can be indicated by gNB. If the selected 3 antenna ports are indicated by gNB, UE can directly measure the channel by the indicated 3 antenna ports and additional measurement on the remaining one antenna port is not necessary, which would reduce the additional caculation on UE.
Proposal 2: To indicate 3 antenna ports out of the configured 4/8 ports of an SRS resource, the selected 3 antenna ports of the configured 4/8 ports of SRS resource can be indicated by gNB.
In the current spec, the UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource(s) indicated by SRI field in the DCI format 0_1, 0_2 or 0_3 or by srs-ResourceIndicator configured in configuredGrantConfig.
In Rel-19, since the enhancement on SRS resource is not considered, introducing a new 3 ports SRS resource is undesirable and 4/8 ports SRS resource can be re-used. However, for the number of antenna ports  of SRS resource, antenna port index  of SRS resource can be determined by , which means the antenna port index of SRS resource configured with 4 antenna ports can be  and the antenna port index of SRS resource configured with 8 antenna ports can be . If PUSCH antenna port(s) is the same as SRS antenna port(s), PUSCH antenna port(s) may be , which is undesirable for 3 antenna ports codebook based transmission. Therefore, a new rule for determining PUSCH antenna port(s) is necessary for 3 antenna ports codebook based PUSCH transmission.
Proposal 3: A new rule for determining PUSCH antenna port(s) is necessary for 3 antenna ports codebook based PUSCH transmission.
3 Conclusion
[bookmark: OLE_LINK3][bookmark: OLE_LINK40][bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK5]In this contribution, we discuss the potential support for 3 antenna ports codebook based transmissions. Based on the discussion above, we provide the following proposals:
Proposal 1: Regarding non-coherent UL codebook with three antenna ports, following precoders can be considered as a starting point:
· the precoders for single-layer transmission can be determined by selecting one column in the third order identity matrix
· the precoders for two-layer transmission can be determined by selecting two columns in the third order identity matrix
· the precoders for three-layer transmission can be the third order identity matrix.
Proposal 2: To indicate 3 antenna ports out of the configured 4/8 ports of an SRS resource, the selected 3 antenna ports of the configured 4/8 ports of SRS resource can be indicated by gNB.
Proposal 3: A new rule for determining PUSCH antenna port(s) is necessary for 3 antenna ports codebook based PUSCH transmission.
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