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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 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 2 meetings [2] [3], the following issues still need further discussion in our view, 
· TPMI enhancement for mTRP operation
· SRS for antenna switching 
· Non-codebook based PUSCH transmission
· UE capability reporting aspects

Enhancement of the Multi-TRP based operation
In the RAN1#116bis meeting, the following agreement was made on the support of MTRP based PUSCH transmission [3],
Agreement
For a 3TX UE, support Rel-17 M-TRP PUSCH repetition where,
· Two SRS resource sets, each with up to 2 of 4-port SRS resources are configured, 
Note: The configured 4 port SRS resources are used to enable 3-port SRS transmission



For 3Tx UE, the support of Rel-17 multi-TRP based TDMed repetition has been agreed which is also supported by 2Tx/4Tx UE. One issue still needs to be solved to make this feature feasible.
To support the S-DCI based multi-TRP TDM repetition scheme, the second TPMI field design can follow the legacy principle to only indicate the TPMI with the same TRI indicated by the first TPMI field. This would require new second TPMI table(s) to support the application of agreed 3Tx codebooks. 
For the maxRank=2/3, the second TPMI indication table can be introduced as in Table 1 which is based on the 3Tx codebook that we agreed last meeting [3].
Table 1: 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



For the maxRank=1, the second TPMI indication table can be introduced as in Table 2.
Table 2: Second Precoding information and number of layers, for 3 antenna ports, 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 1: To support the multi-TRP based TDM repetition scheme, the second TPMI field only indicate the TPMI while the first TPMI field indicate both the TPMI and TRI. 
Proposal 2: To support the multi-TRP based TDM repetition scheme, the following tables for the second TPMI indication of 3Tx codebook based PUSCH transmission are suggested as below,
Table 1: 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



Table 2: Second Precoding information and number of layers, for 3 antenna ports, 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



Enhancement on SRS for Antenna Switching
In order to acquire the DL CSI accurately, SRS for antenna switching should be enhanced too, otherwise the DL CSI would be sub-optimal and leads directly to a loss in the DL throughput performance.  At present, the main configuration of mobile phone receive antennas of 4Rx is already supported. In order to support a UE with 3 Tx, it should be designed according to the current receive antenna implementations and thus the Tx antenna number less than the Rx antenna number is assumed. 
The SRS antenna switching configuration for 3Tx UE can be set to 3T4R, an example of a 3T4R RF architecture is given in Figure.1 below. If 6Rx or 8Rx is also considered for 3Tx UE, the antenna switching configuration of 3T6R and 3T8R can be further supported. 


Figure.1 RF architecture of 3Tx/4Rx implementation

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

In the current spec, the guard period exists not only between SRS resources within the same SRS resource set, but also applies to SRS resource sets located in two consecutive slots. Thus for a SRS resource set containing 4 single port SRS resource, it needs at least total of 7 symbols for the transmission which is rigid for the UL resource allocation. Actually only one guard period instance of Y symbol(s) is really needed from real implementation in this case, so there is still room for further optimization.

Proposal 3: For 3Tx UE, the enhancement of SRS for antenna switching should be supported.
Proposal 4: For 3Tx UE, at least antenna switching configuration of 3T4R should be supported.
Proposal 5: 3T6R or 3T8R can be further supported if 6Rx or 8Rx is also be considered for 3Tx UE.
Proposal 6: Corresponding to the antenna switching configuration of 3T4R, the following methods for SRS resource set configuration can be considered:
· Alt.1: For P/SP SRS, 1 SRS resource set can be configured containing 4 single-port SRS resources;
· For AP SRS, 1 or 2 SRS resource sets can be configured while each resource set containing 4 or 2 single-port SRS resources;
· Alt.2: For P/SP/AP SRS, 1 SRS resource set can be configured containing 2 2-port SRS resources;
Proposal 7: Suggest to further study the optimization on the guard period configurations for each antenna switching configuration for 3Tx UE.

Support of the non-codebook based PUSCH transmission
To support the non-codebook based PUSCH transmission for 3Tx UE, the mechanism is already feasible in the current spec.  The SRI indication tables (including the support for MTRP operation) have been specified already which can support the configurations of both up to 3 layers （Lmax） and up to 3 SRS resources（Nsrs）.  In our view, some enhancements can be identified as below.
1) SRS configuration for sTRP operation: one SRS resource set can be configured which contains at most 3 single port SRS resources;
2) SRS configuration for mTRP operation: two SRS resource sets can be configured with equal number of SRS resources, each SRS resource set contains at most 3 single port SRS resources;
3) UE reports the capability of supporting a maximum of 3 layers;
4) UE reports the capability of supporting configuring a maximum of 3 single-port SRS resources;

Proposal 8: Support the non-codebook based PUSCH transmission for 3Tx UE.
Proposal 9: To support the NCB PUSCH, consider the following enhancements:
1) SRS configuration for sTRP operation: one SRS resource set can be configured which contains at most 3 single port SRS resources;
2) SRS configuration for mTRP operation: two SRS resource sets can be configured with equal number of SRS resources, each SRS resource set contains at most 3 single port SRS resources;
3) UE reports the capability of supporting a maximum of 3 layers;

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 should be 3. The maximum number of SRS ports can be introduced via UE capability reporting to simplify the identification of the 3Tx codebook based PUSCH transmission for the gNB side. To avoid the confusion from the network configured number of SRS ports of SRS resource, the reported maximum number of SRS ports can be described as non-zero SRS ports.
Proposal 10: The maximum number of non-zero SRS ports for a SRS resource reported by 3Tx UE is 3.

· 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. 

Proposal 11: 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 
Multi-TRP operation:
Proposal 1: To support the multi-TRP based TDM repetition scheme, the second TPMI field only indicate the TPMI while the first TPMI field indicate both the TPMI and TRI. 
Proposal 2: To support the multi-TRP based TDM repetition scheme, the following tables for the second TPMI indication of 3Tx codebook based PUSCH transmission are suggested as below,
Table 1: 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



Table 2: Second Precoding information and number of layers, for 3 antenna ports, 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




SRS for AS:
Proposal 3: For 3Tx UE, the enhancement of SRS for antenna switching should be supported.
Proposal 4: For 3Tx UE, at least antenna switching configuration of 3T4R should be supported.
Proposal 5: 3T6R or 3T8R can be further supported if 6Rx or 8Rx is also be considered for 3Tx UE.
Proposal 6: Corresponding to the antenna switching configuration of 3T4R, the following methods for SRS resource set configuration can be considered:
· Alt.1: For P/SP SRS, 1 SRS resource set can be configured containing 4 single-port SRS resources;
· For AP SRS, 1 or 2 SRS resource sets can be configured while each resource set containing 4 or 2 single-port SRS resources;
· Alt.2: For P/SP/AP SRS, 1 SRS resource set can be configured containing 2 2-port SRS resources;
Proposal 7: Suggest to further study the optimization on the guard period configurations for each antenna switching configuration for 3Tx UE.

NCB PUSCH :
Proposal 8: Support the non-codebook based PUSCH transmission for 3Tx UE.
Proposal 9: To support the NCB PUSCH, consider the following enhancements:
1) SRS configuration for sTRP operation: one SRS resource set can be configured which contains at most 3 single port SRS resources;
2) SRS configuration for mTRP operation: two SRS resource sets can be configured with equal number of SRS resources, each SRS resource set contains at most 3 single port SRS resources;
3) UE reports the capability of supporting a maximum of 3 layers;
[bookmark: _GoBack]
UE capability reporting:
Proposal 10: The maximum number of non-zero SRS ports reported by 3Tx UE is 3.
Proposal 11: For the maximum number of MIMO layers reported by 3Tx UE, support reporting the maximum number of UL MIMO layers equals 3. 

 References
[1] [bookmark: _Ref31185007][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-234007, New WID: NR MIMO Phase 5 , Samsung, RAN#102e, December 2023
[2] 3GPP Chairman’s notes,  RAN1#116
[3] 3GPP Chairman’s notes,  RAN1#116bis

image1.emf
Tx 1

Rx

3Tx/4Rx

Rx

Tx 3

Rx

Tx 2

Rx

1

2

3

4


Microsoft_Visio___.vsdx
Tx 1
Rx
3Tx/4Rx
Rx
Tx 3
Rx
Tx 2
Rx
1
2
3
4



