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Introduction
The Rel-19 WID on NR MIMO Phase 5 is approved [1], which includes the following objective:
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 the leftover issues related to the enhancements for the 3-port codebook-based transmissions. 

Discussion on enhancements of the 3-antenna-port CB based transmissions
Based on the discussion of last meeting [2] [3], the following issues still need further discussion in our view, 
· TPMI indication
· SRS resource definition and dimensions
· Aspects related to power scaling
· PTRS-DMRS indication
· UE capability reporting aspects

TPMI indication 
In RAN1#116 meeting, the codebook for the non-coherent codebook-based PUSCH transmission has been agreed as below,
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.




For 3Tx UE, the legacy TPMI indication method can be applied, so the TPMI and TRI can be jointly indicated by the TPMI table. So the TPMI tables can be given as the following,
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 3 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



The TPMI overhead can be 2bits for RANK=1 and 3bits for RANK=2/3.
Proposal 1: TPMI indication for 3Tx codebook can reuse the legacy design to jointly indicate the TPMI and TRI, and the following TPMI tables can be used,
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 3 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 3Tx codebook design, the TPMI overhead is 2bits for RANK=1 and 3bits for RANK=2/3.

SRS for codebook
For PUSCH transmission with usage "codebook", the transmission of 3-port SRS is needed. Without introducing any new SRS sequence design, we mainly consider implementing it with existing legacy SRS.
In RAN1#116 meeting, different methods were discussed to derive the 3-port SRS from the legacy SRS with 1/2/4/8 port(s), and the following agreement was made on SRS configuration.
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 Alt.1, 3-port SRS can be supported by configuring X 4-port SRS resources in a SRS resource set, where X=1/2 can be supported as legacy. As the PUSCH antenna ports {1000, 1001, 1002} are used, it is natural to use the first three SRS ports and mute the last one. 
The transmit power for both PUSCH and SRS transmissions should be equally split across each antenna port by the actually transmitted number of SRS ports (3 ports) instead of the configured number of SRS ports. 
· For Alt.2, 3 port SRS can be derived from multiple SRS resources.
· Alt.2-1: If 3 single-port SRS resources are configured as an equivalent to a 3-port SRS, it can be defined as a SRS resource subset in a SRS resource set. It is feasible to configure Y=3 SRS resources either all on the same symbol or each on different symbols. It can be up to UE capability whether TDMed SRS is supported. When different spatial filters are supported, at most 2 subsets can be configured in the same SRS resource set, so X can be either 3 or 6 which means 1 or 2 subset(s) in a SRS resource set. Different SRS resource subsets can only be transmitted on different consecutive symbols which is aligned with current spec. The impact on SRI indication is simple, which is to indicate the SRS resource subset.
· Alt.2-2: If one 1-port SRS resource and one 2-port SRS resource are configured as a 3-port SRS, the same principle of Alt.2-1 can be applied, and Y=2, X=2 or 4 instead.
Power scaling should be done within a SRS resource subset according to whether TDMed SRS is configured or not. If FDMed allocation is configured, then the transmit power should be split among the SRS ports of the multiple SRS resources within a SRS resource subset which is 3 ports also. For some SRS combination, this may lead to the power imbalance of different REs. If TDMed allocation is applied, the transmit power should be split among the SRS port(s) of the SRS resource allocated on that symbol.

From the comparison above, we prefer to define Alt.1.
Proposal 3: For CB based PUSCH transmission, prefer Alt.1 to derive a 3-port SRS for codebook, and X=1 or 2.
Proposal 4: For Alt.1, support muting the last SRS port.
Proposal 5: For Alt.1, the transmit power for both PUSCH and SRS transmissions should be equally split across each antenna port by the actually transmitted number of SRS ports (3 ports) instead of the configured number of SRS ports.

PTRS-DMRS association indication
In RAN1#116 meeting, the agreements made on PTRS related aspects are as below,
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.


For codebook-based 3-port PUSCH transmission, currently only the non-coherent case is considered. 
First, considering the UE implementation, 2 PTRS ports should still be supported same as 4Tx UE. 
Proposal 6: For codebook-based 3-port PUSCH transmission, support configuring up to 2 PTRS ports.

When the maximum number of PTRS ports is configured as 1, the existing 2-bit PTRS-DMRS association indication applying Table 7.3.1.1.2-25 can still be used. However, for the case when the maximum number of PTRS ports is configured as 2, the current method of determining the actual number of PTRS ports through TPMI and legacy antenna port groups {{0,2},1} may not be appropriate. Therefore, how to determine the actual number of PTRS ports and how to indicate PTRS-DMRS association in DCI need to be further looked into. When certain antenna port group among the three antennas are given, the indication for the 2 PTRS ports can be 1bit or 2bits when RANK>1.To make the indication simple, 2 bits as legacy is slightly preferred.

Proposal 7: For codebook-based 3-port PUSCH transmission, the indication of PTRS-DMRS association can be 
1) 2bits when the maximum number of PTRS ports configured equals 1;
2) 2bits when the maximum number of PTRS ports configured equals 2;

Support of Multi-TRP operation for 3Tx UE
For 3Tx UE, the support of multi-TRP operation should also be supported. In our view, the support of the Rel-17 TDMed repetition and Rel-18 STxMP SDM/SFN transmission schemes can be achieved with some spec enhancements. The mechanisms are the same except for the number of antenna ports of PUSCH/SRS. 
For STxMP SDM scheme, the supported layer combination is {1+1},{1+2},{2+1},  and the maxRank_sfn can be configured as 2 as well; 
To support the MTRP TDM repetition scheme or the STxMP SFN scheme, the second TPMI field needs a new TPMI table for the indication of 3Tx codebook, where the TRI is indicated by the first TPMI field.
An example is given as Table 3 for the second TPMI indication.
Table 3: Second 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

	0
	2 layers: TPMI=0

	1
	2 layers: TPMI=1

	2
	2 layers: TPMI=2

	3
	reserved

	0
	3 layers: TPMI=0

	1-3
	reserved



Proposal 8: Support the multi-TRP operation for 3Tx UE.
Proposal 9: To support the STxMP SDM scheme, maxRank_sfn can be configured as 2.
Proposal 10: To support the multi-TRP based TDM repetition scheme and the STxMP SFN scheme, define the second TPMI table for 3Tx codebook based PUSCH transmission as below,
Table 3: Second 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

	0
	2 layers: TPMI=0

	1
	2 layers: TPMI=1

	2
	2 layers: TPMI=2

	3
	reserved

	0
	3 layers: TPMI=0

	1-3
	reserved



UE capability reporting
· Maximum number of SRS ports reported by the UE 
For 3Tx UE, the maximum number of SRS ports reported by the UE is 3. A new number of supported maximum number of SRS ports should be introduced in UE capability reporting.
Proposal 11: The maximum number of SRS ports reported by 3Tx UE is 3.
[bookmark: _GoBack]
· Maximum UL MIMO layers
For 3Tx UE, the current supported maximum number of UL MIMO layers reported by UE capability does not include layer 3, and corresponding signaling support is needed. 
[image: ]
Proposal 12: For the maximum number of MIMO layers reported by 3Tx UE, support reporting the maximum number of UL MIMO layers equals 3. 

Conclusion
In this contribution, we provide our views 
Proposal 1: TPMI indication for 3Tx codebook can reuse the legacy design to jointly indicate the TPMI and TRI, and the following TPMI tables can be used,
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 3 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 3Tx codebook design, the TPMI overhead is 2bits for RANK=1 and 3bits for RANK=2/3.
Proposal 3: For CB based PUSCH transmission, prefer Alt.1 to derive a 3-port SRS for codebook, and X=1 or 2.
Proposal 4: For Alt.1, support muting the last SRS port.
Proposal 5: For Alt.1, the transmit power for both PUSCH and SRS transmissions should be equally split across each antenna port by the actually transmitted number of SRS ports (3 ports) instead of the configured number of SRS ports.
Proposal 6: For codebook-based 3-port PUSCH transmission, support configuring up to 2 PTRS ports.
Proposal 7: For codebook-based 3-port PUSCH transmission, the indication of PTRS-DMRS association can be 
1) 2bits when the maximum number of PTRS ports configured equals 1;
2) 2bits when the maximum number of PTRS ports configured equals 2;
Proposal 8: Support the multi-TRP operation for 3Tx UE.
Proposal 9: To support the STxMP SDM scheme, maxRank_sfn can be configured as 2.
Proposal 10: To support the multi-TRP based TDM repetition scheme and the STxMP SFN scheme, define the second TPMI table for 3Tx codebook based PUSCH transmission as below,
Table 3: Second 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

	0
	2 layers: TPMI=0

	1
	2 layers: TPMI=1

	2
	2 layers: TPMI=2

	3
	reserved

	0
	3 layers: TPMI=0

	1-3
	reserved



Proposal 11: The maximum number of SRS ports reported by 3Tx UE is 3.
Proposal 12: For the maximum number of MIMO layers reported by 3Tx UE, support reporting the maximum number of UL MIMO layers equals 3. 
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