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Introduction
During RAN#116, topics about 3Tx codebook-based uplink transmissions were discussed, and the following agreements were achieved [1].
	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 of 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.

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, we provide our views on the further study items related to agreements above. We first analyse these 2 alternatives for SRS resource definition and give our proposal. Based on this proposal, the number of SRS resources, power split for each port of SRS and PUSCH, SRS port indication are also discussed. The design of PTRS-DMRS indication is also covered as well. Lastly, we provide our considerations on RRC aspects.
Discussion
SRS resource definition and dimensions
To enable UL channel sounding for 3Tx, the corresponding SRS resource configuration needs to be defined. As mentioned in the agreements above, there are 2 alternatives: alt 1 is to reuse 4-port SRS resource with one port muted, while alt 2 is to aggregate multiple 1-port/2-port SRS resources.
In principle, alt 2 requires more specification effort compared to alt 1:
1) To specify the aggregation of multiple SRS resources, a new term “SRS resource group” needs to be introduced, and this new concept of “SRS resource group” is to be introduced between the “SRS resource” and the “SRS resource set”. This “SRS resource group” would complicate the SRS design.
2) The SRI field in DCI needs to indicate the “SRS resource group”, which makes the SRI mechanism diverging for 3Tx and legacy cases and complicates the SRS design.
3) The relationship between SRS port index and PUSCH port index can’t be maintained for 3Tx, and the relationship between SRS port index within SRS resource and SRS port index within SRS resource group needs to be defined.
4) The relationship between SRS resource and UL precoder is not valid for 3Tx, instead the relationship between SRS resource group and UL precoder needs to be defined.
5) If the aggregated SRS resources are transmitted on different symbols, power control may be complicated,  and the mechanism about “most recent transmission of SRS resource” needs to be changed.
These problems would cause significant specification impact, which is more than the impact of defining 3-port SRS resource directly. From the Rel-19 WID [2], there shall not be any SRS resource enhancement, so alt 2 is not preferred.
Alt 1 is reusing the design of 4-port SRS resource, and the CDM or FDM resource of the muted port can be allocated to a different UE by gNB, and most of the mechanisms about SRS resource are still working. Comparing with alt 2, alt 1 is very straightforward and causes much less specification impact.
[bookmark: _Ref162874190][bookmark: OLE_LINK4]Observation 1: Comparing with alt 2, alt 1 is very straightforward and causes much less specification impact.
[bookmark: _Ref162874229]Proposal 1: For codebook based 3Tx, support alt 1 for SRS resource definition.

Regarding the number of 4-port SRS resources in SRS resource set, we may keep the same values (i.e., 1 and 2) as legacy to simplify the standardization effort.
[bookmark: _Ref162874242]Proposal 2: For codebook based 3Tx, based on SRS resource definition alt 1, the number of 4-port SRS resources in SRS resource set can be kept the same as legacy, i.e., value 1 and 2.

Based on alt 1, UE should split the linear value of SRS transmit power by 3 instead of 4, so that the total transmission power equals to the power calculated from power control mechanism.
[bookmark: _Ref162874271]Proposal 3: For codebook based 3Tx, based on SRS resource definition alt 1, UE should split the linear value of SRS transmit power by 3 for each port of SRS.

For codebook based 3Tx PUSCH transmission, UE should split the linear value of PUSCH transmit power by 3 instead of 4, and this is consistent with legacy design, where UE should split the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.
[bookmark: _Ref162874277]Proposal 4: For codebook based 3Tx, reuse the legacy mechanism of power split for each port of PUSCH.

Signalling which 3-port SRS to be transmitted, or which 1-port SRS to be muted, can be based on pre-defined rule in spec or based on RRC signalling.
Option 1: Pre-defined rule in specification
The rule is pre-defined in specification. For example, it can be specified that for 3Tx UE, the first 3-port of SRS are always used for transmission (port 1000-1002), i.e., the last port of SRS (port 1003) is muted.
Option 2: RRC signaling
In the RRC signalling of SRS configuration, e.g., a new field is added to indicate a sequence of SRS ports (like {1000, 1001, 1003}) for actual transmission. This option provides more flexibility for SRS port configuration.
[bookmark: _Ref162874282]Proposal 5: For codebook based 3Tx, signaling which 3-port SRS to be transmitted can be based on pre-defined rule in specification or based on RRC signaling, need further study on which option is better.

PTRS-DMRS indication
If only one PTRS port is configured, to keep the flexibility while no extra specification effort is needed, this PTRS port should be able to be associated with any one of the scheduled DMRS ports for 3Tx. For DCI field “PTRS-DMRS association” and corresponding table ( Table 1), although value 3 is not expected to be scheduled, value 0~2 should be kept, thus 2 bits are necessary.
[bookmark: _Ref162865524]Table 1 PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS port 0 [3]
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port



If two PTRS ports are configured, PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PTRS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI(s) share PTRS port 1. For 3Tx UE, it was agreed that only PUSCH antenna ports 1000, 1001, 1002 are used, thus LSB is unnecessary, however, to keep the commonality between one PTRS port and two PTRS ports, and to keep the commonality between legacy case and 3Tx case, we suggest to reuse the design of 2-bit field.
Table 2 PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS ports 0 and 1 [3]
	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1


[bookmark: _Ref162874295]Proposal 6: For codebook based 3Tx, 2 bits are used for PTRS-DMRS association indication for both 1 PTRS port and 2 PTRS ports.
UE capability aspects
To achieve UL throughput gain of 3Tx, the UE capability of MIMO-LayersUL needs to be extended for three-layers as below.
MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, threeLayers, fourLayers}

For codebook-based PUSCH transmission, gNB needs to measure and estimate the UL channel response, thus the UE capability of maxNumberSRS-Ports-PerResource also needs to be extended for 3-port SRS as below. This change is important because UE indicates its PA structure through this field, and the PUSCH power scaling is dependent on this parameter.
SRS-Resources ::=                           SEQUENCE { 
    ...
    maxNumberSRS-Ports-PerResource              ENUMERATED {n1, n2, n3, n4}
}
[bookmark: _Ref157606138]Proposal 7: For codebook based 3Tx, the UE capability of MIMO-LayersUL and maxNumberSRS-Ports-PerResource need to be extended for three-layers and 3-port SRS respectively.
MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, threeLayers, fourLayers}
SRS-Resources ::=                           SEQUENCE { 
    ...
    maxNumberSRS-Ports-PerResource              ENUMERATED {n1, n2, n3, n4}
}
Conclusion
As a summary, we have the following observation:
Observation 1: Comparing with alt 2, alt 1 is very straightforward and causes much less specification impact.

We have the following proposals:
Proposal 1: For codebook based 3Tx, support alt 1 for SRS resource definition.

Proposal 2: For codebook based 3Tx, based on SRS resource definition alt 1, the number of 4-port SRS resources in SRS resource set can be kept the same as legacy, i.e., value 1 and 2.

Proposal 3: For codebook based 3Tx, based on SRS resource definition alt 1, UE should split the linear value of SRS transmit power by 3 for each port of SRS.

Proposal 4: For codebook based 3Tx, reuse the legacy mechanism of power split for each port of PUSCH.

Proposal 5: For codebook based 3Tx, signaling which 3-port SRS to be transmitted can be based on pre-defined rule in specification or based on RRC signaling, need further study on which option is better.

Proposal 6: For codebook based 3Tx, 2 bits are used for PTRS-DMRS association indication for both 1 PTRS port and 2 PTRS ports.

Proposal 7: For codebook based 3Tx, the UE capability of MIMO-LayersUL and maxNumberSRS-Ports-PerResource need to be extended for three-layers and 3-port SRS respectively.
MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, threeLayers, fourLayers}
SRS-Resources ::=                           SEQUENCE { 
    ...
    maxNumberSRS-Ports-PerResource              ENUMERATED {n1, n2, n3, n4}
}
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