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Introduction
[bookmark: _Hlk145555364][bookmark: _Hlk146642115]In RAN1#116 meeting, the following agreements have been reached on 3-antenna-port codebook-based transmission [1]:
	Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· [bookmark: _Hlk162514719][bookmark: _GoBack]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 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 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, the SRS resource configuration, SRS power allocation mechanism, and PTRS-DMRS association for codebook-based 3Tx UL transmission are further discussed.
SRS resource configuration facilitating 3-antenna-port codebook-based transmission
In current codebook-based UL transmission procedure, the UE transmits codebook SRS to gNB for CSI acquisition and TPMI calculation, and the UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) of the codebook SRS. Following this procedure, 3-port SRS, the pre-requisite of codebook-based 3Tx UL transmission, should be defined. 
Given that the SRS resource in current spec. only consists of  SRS port(s), two possible alternatives facilitating 3-port SRS are proposed in RAN1#116 to enable codebook-based 3Tx UL transmission: 
Alt.1 is muting one port of the 4-port SRS resource and transmit on the remaining three SRS ports, which obviously modifies the behavior of legacy SRS resource and violates the WID saying that ‘without enhancement on SRS resource’. Alt.2 is combining multiple legacy SRS resources (e.g., 2-port resource + 1-port resource) to construct 3-port SRS, which has better resource mapping flexibility and the potential to harvest power boosting gain. As a consequence, Alt.2 is preferred.
Proposal 1: To facilitate codebook-based 3Tx UL transmission, support to construct 3-port SRS by combining multiple legacy SRS resources.
SRS power allocation mechanism
The SRS power allocation mechanism for codebook-based 3Tx UL transmission, which is closely related to the SRS resource configuration in previous section, should be subsequently discussed. Given that aforementioned Alt.2 allows flexible resource mapping, there exists certain cases where the current SRS power allocation mechanism leads to unequal per-port power, which deviates from the legacy ‘equally-split’ power allocation principle and causes TPMI mismatch. 
Specifically, taking 2-port resource + 1-port resource mapped on different symbols as an example, according to the current SRS power allocation mechanism, the UE shall split the linear value of the transmit power equally across the configured antenna ports for 2-port resource and 1-port resource respectively, which means the transmit power of the SRS port within 1-port resource is twice as much as that within 2-port resource.
In order to obey the legacy power allocation principle and avoid TPMI mismatch, the current SRS power allocation mechanism should be refined for codebook-based 3Tx UL transmission.
Proposal 2: To obey the legacy power allocation principle and avoid TPMI mismatch, support to refine the current SRS power allocation mechanism for codebook-based 3Tx UL transmission.
PTRS-DMRS association 
Considering that the maximal number of layers (DMRS ports) is limited to three, the PTRS-DMRS association also needs to be discussed. Based on the previous agreement, PUSCH antenna ports 1000, 1001, and 1002 are adopted for codebook-based 3Tx UL transmission, by further reusing the corresponding relation between PUSCH antenna ports and PTRS ports for 4Tx, following exemplary PTRS-DMRS association can be easily obtained:
Table 1. 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 

	3
	Reserved



Table 2. PTRS-DMRS association for UL PTRS port 0 and 1
	Value
	DMRS port

	0
	1st DMRS port share the PTRS port

	1
	2nd DMRS port share the PTRS port



While one bit is enough to indicate the PTRS-DMRS association for codebook-based 3Tx UL transmission when two PTRS ports are configured, two bits are still needed to indicate the PTRS- DMRS association when one PTRS port is configured. For the sake of reducing DCI overhead, joint indication of PTRS-DMRS association and other DCI should be considered.
It can be observed that if the number of PTRS port is 2, one bit is enough to indicate the PTRS and DMRS association for 3Tx UL transmission, but two bits are still needed to indicate the PTRS and DMRS association if the number of PTRS port is 1. One company indicates that the bit overhead when the number of PTRS port is 1 could be reduced to 1 by allowing only 2 DMRS ports associate with PTRS port. But this indication mechanism is not flexible. Considering the overhead of DCI is an important issue, some joint indication methods may be further studied to reduce overhead of PTRS-DMRS association indication (e.g. joint indication of TPMI and PTRS-DMRS association) when the number of PTRS port is 1.
Proposal 3: Support to indicate the PTRS-DMRS association for codebook-based 3Tx UL through Table 2 when two PTRS ports are configured.
Proposal 4: To reduce the DCI overhead of indicating PTRS-DMRS association for codebook-based 3Tx UL when one PTRS port is configured, joint indication of PTRS-DMRS association and other DCI should be considered.
Conclusion
In this contribution, we have discussed necessary SRS resource configuration, SRS power allocation mechanism and PTRS-DMRS facilitating codebook-based 3Tx UL transmission, and made the following proposals: 
Proposal 1: To facilitate codebook-based 3Tx UL transmission, support to construct 3-port SRS by combining multiple legacy SRS resources.
Proposal 2: To obey the legacy power allocation principle and avoid TPMI mismatch, support to refine the current SRS power allocation mechanism for codebook-based 3Tx UL transmission.
Proposal 3: Support to indicate the PTRS-DMRS association for codebook-based 3Tx UL through Table 2 when two PTRS ports are configured.
Proposal 4: To reduce the DCI overhead of indicating PTRS-DMRS association for codebook-based 3Tx UL when one PTRS port is configured, joint indication of PTRS-DMRS association and other DCI should be considered.
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