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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 some issues related to the enhancements for the 3-port codebook-based transmissions. 

Discussion on enhancements of the 3-antenna-port CB based transmissions
In order to support the codebook-based 3-antenna port transmission enhancement, we first provide our views on the following issues. 

Enhancement on SRS with usage “codebook”
For PUSCH transmission with usage "codebook", the transmission of 3-port SRS is required. Without introducing a new 3-port SRS sequence design, we mainly consider implementing it with legacy SRS.
For this type of 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 1: The maximum number of SRS ports reported by 3Tx UE is 3.

Now the legacy SRS has 1/2/4/8 port(s), 3-port SRS can be further enhanced with different methods. 
1) Derived from the configuration of 3 single-port SRS resources
A 3-port SRS resource is equivalently implemented by configuring 3 different single-port resources, configuring the same comb and comb offset and configuring different cyclic shifts to distinguish each port. Also it can be further discussed that whether to transmit the SRS resources on different OFDM symbols, or transit them on the same OFDM symbols.
2) Derived from 1 single-port SRS resource
A single-port SRS resource is configured in an SRS resource set. The SRS resource is repeated three times in time domain, it is implemented by sending on different symbols within a slot and corresponding to be transmitted with different SRS port.
3) Derived from a 4-port SRS resource
A 3-port SRS resource is implemented by sending 3 of the 4 ports, e.g. the first 3 SRS ports as predefined.

Proposal 2: For CB based PUSCH transmission, consider the following method to achieve equivalent 3-port SRS transmission,
· Alt.1: Implemented by transmitting on the same or different symbols with 3 single-port SRS resources;
· Alt.2: Implemented by transmitting on consecutive multiple symbols with a single-port SRS resource;
· Alt.3: Implemented by sending 3 SRS ports of a 4-port SRS resource.

Enhancement on the SRS with usage “Antenna Switching”
At present, the main configuration of mobile phone receiving antennas of 4Rx is supported. In order to support a UE with 3 Tx antennas, it should be designed according to the existing receiving antenna configuration and only the design of the Tx chains need to be enhanced for hardware implementation.
In order to acquire the DL CSI, the configuration that the SRS with usage "antenna switching" can be set to 3T4R. If 6Rx or 8Rx are considered for 3Tx UE, the antenna switching configuration of 3T6R and 3T8R can be further supported. The figure below gives an example of a 3T4R RF architecture. 



For the antenna switching configuration of 3T4R, the following SRS configuration can be considered:
1) For P/SP SRS, 1 SRS resource set with 4 single-port SRS resources can be configured;
For AP SRS, 1 or 2 SRS resource sets can be configured, each resource set containing 4 or 2 single-port SRS resources;
2) For P/SP/AP SRS, configure 1 SRS resource set, each resource set containing 2 2-port SRS resources;

In the current spec, time GAP needs to be added between the transmissions of different SRS resources. As for 4 single-port configuration, SRS requires total 7 symbols to complete the transmission. For 3Tx UE, actually only one GAP instance is really needed, so there is still room for further optimization.

Proposal 3: For 3TxUE, a new antenna switching configuration can be introduced as 3T4R.
[bookmark: _GoBack]Proposal 4: Corresponding to the antenna switching configuration of 3T4R, the following methods for SRS resource set configuration can be considered:
1) For P/SP SRS, configure 1 SRS resource set, each resource set containing 4 single-port SRS resources;
For AP SRS, configure 1 or 2 SRS resource sets, each resource set containing 4 or 2 single-port SRS resources;
2) For P/SP/AP SRS, configure 1 SRS resource set, each resource set containing 2 2-port SRS resources;
Proposal 5: Suggest to further study the optimization on GAP insertion for 3Tx UE.

PTRS-DMRS association indication
For codebook-based 3-port PUSCH transmission, currently only the non-coherent case is considered. 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 grouping may no longer be appropriate. Therefore, how to determine the actual number of PTRS ports and how to indicate PTRS-DMRS association in DCI is an issue worth being discussed.
Considering the lack of actual judgment basis, we suggest that default number of PTRS ports can be applied for simplicity and then further determine the indication of the PTRS -DMRS association.
Proposal 6: For codebook-based 3-port PUSCH transmission, when the configured maximum number of PTRS ports is 2, the actual number of PTRS ports is 2 by default.

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 7: 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: The maximum number of SRS ports reported by UE is 3.
Proposal 2: For CB based PUSCH transmission, consider the following method to achieve equivalent 3-port SRS transmission,
· Alt.1: Implemented by transmitting on the same or different symbols with 3 single-port SRS resources;
· Alt.2: Implemented by transmitting on consecutive multiple symbols with a single-port SRS resource;
· Alt.3: Implemented by sending 3 SRS ports of a 4-port SRS resource.

Proposal 3: For 3TxUE, a new antenna switching configuration can be introduced as 3T4R.
Proposal 4: Corresponding to the antenna switching configuration of 3T4R, the following methods for SRS resource set configuration can be considered:
1) For P/SP SRS, configure 1 SRS resource set, each resource set containing 4 single-port SRS resources;
For AP SRS, configure 1 or 2 SRS resource sets, each resource set containing 4 or 2 single-port SRS resources;
2) For P/SP/AP SRS, configure 1 SRS resource set, each resource set containing 2 2-port SRS resources;
Proposal 5: Suggest to further study the optimization on GAP insertion for 3Tx UE.

Proposal 6: For codebook-based 3-port PUSCH transmission, when the configured maximum number of PTRS ports is 2, the actual number of PTRS ports is 2 by default.

Proposal 7: 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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