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1. BACKGROUND
RAN plenary #112 approved the WID for NR MIMO Phase 5 [1]. The WID covers five objectives, where one of the described objectives is to specify 3-antenna-port codebook-based transmissions. 

	· [bookmark: _Hlk158211521]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.




Based on the progress made in this meeting, the following topics will be the main focus of the discussion in the WG1 #116b meeting, 
· SRS resource definition and dimensions,
· Aspects related to power scaling,
· PTRS-DMRS indication,
· RRC aspects.



2. LIST OF COMPANIES’ PROPOSALS
	Spreadtrum Communications
	Proposal 1: Use legacy 1/2/4/8-port SRS to transmit 3 antenna ports in Rel-19.
Proposal 2: Power imbalance issue for 3-port SRS could be further investigated in Rel-19.
Proposal 3: Non-coherent codebook for 3 Tx can be introduced in Rel-19: ，，, ，，and  .
Proposal 4: Support 3-antenna-port codebook-based transmissions for both dynamic and CG scheduled PUSCH.
Proposal 5: 3-Tx codebook-based M-TRP transmission should also be further studied in Rel-19.
Proposal 6: Antenna switching for T3R4/T3R6/T3R8 should be further studied in Rel-19.
Proposal 7: Power scaling for PUSCH can be further studied in Rel-19.


	Huawei, HiSilicon
	Proposal 1: Support the following non-coherent 3-antenna-port UL codebooks in Rel.19:
1 layer:	,,
2 layers:	,,
3 layers:	
Proposal 2: To facilitate codebook-based 3Tx UL transmission, support to specify 3-port SRS by:
· Option 1: Introducing 3-port SRS resource
· Option 2: Combining multiple legacy SRS resources


	InterDigital, Inc.
	Proposal 1: 3TX sounding procedure is based on the 4-port SRS resources with the mapping of 3TX to the 4 ports. 
Proposal 2: An SRS resource set for 3TX is configured with  4-port SRS resources, where . 
Proposal 3: Study the UE behaviour for power control with 3TX. 
Proposal 4: The baseline precoders for 3TX ‘nonCoherent’ are: 
· Single layer:  
· Two layers: 
· Three layers:  . 
Proposal 5: Rel-19 specifies new codebooks for 3TX which include TPMIs for 1-, 2-, and 3-layer transmission configured with the ‘nonCoherent’ codebook subset. 


	Lenovo
	Proposal 1: Support codebooks in table 1 to table 3 for 3-antenna-port codebook-based PUSCH transmission.
Proposal 2: Study the method on 3-port SRS resource generation with less spec effect including methods with or without  enhancement on SRS resource.
Proposal 3: The maximum configured number of PTRS ports can be n1 and n2 in 3-antenna-port codebook based transmission.
Proposal 4: In 3-antenna-port codebook based transmission and maxNrofPorts is configured as 'n2', PUSCH antenna port 1000 and 1002 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1001 in indicated TPMI(s) share PT-RS port 1.
Proposal 5: Table 5 is used to indicate the PTRS and DMRS association for a PTRS port which is associated with two PUSCH layers in 3-antenna-port codebook based transmission.
Proposal 6: Support a 3-antenna-port SRS resource to be used for antenna switching.
Proposal 7: Support at least 1T3R, 3T3R and 3T6R configurations based on UE’s capability.


	Transsion Holdings
	Proposal 1: Regarding non-coherent UL codebook with three antenna ports, following precoders can be considered as a starting point:
· the precoders for single-layer transmission can be determined by selecting one column in the third order identity matrix
· the precoders for two-layer transmission can be determined by selecting two columns in the third order identity matrix
· the precoders for three-layer transmission can be the third order identity matrix.
Proposal 2: To indicate 3 antenna ports out of the configured 4/8 ports of an SRS resource, the selected 3 antenna ports of the configured 4/8 ports of SRS resource can be indicated by gNB.
Proposal 3: A new rule for determining PUSCH antenna port(s) is necessary for 3 antenna ports codebook based PUSCH transmission.



	vivo
	Proposal 1: For 3Tx codebook, further study the following 2 methods: 
· method 1, define new 3Tx codebooks for rank 1/2/3 respectively; 
· method 2, reuse the 4Tx codebooks, while the last row of precoder is to be ignored by gNB and UE.
Proposal 2: For codebook based 3Tx, define new mapping tables for DCI field “Precoding information and number of layers” for DCI format 0_1 and 0_2 in 38.212.
Proposal 3: For 3Tx codebook based operation, gNB configures legacy 4-port SRS resource to UE, and UE only transmits 3-port SRS out of the configured 4-port SRS resource.
Proposal 4: For 3Tx SRS power control, UE splits a linear value of the transmit power P equally across the non-zero power antenna ports for SRS, instead of all the configured antenna ports for SRS.
Proposal 5: For 3Tx codebook based operation, signalling which 3-port SRS to be non-zero power antenna port for SRS can be based on pre-defined rule in spec or based on RRC signalling, need further study on which option is better.
Proposal 6: For 3Tx codebook based operation, the DMRS related design can be reused.
Proposal 7: For 3Tx codebook based operation, UE doesn’t expect DCI field “PTRS-DMRS association” as value 3 for DCI format 0_1 and 0_2, other PTRS design can be reused.
Proposal 8: For 3Tx codebook based operation, the UE capability of MIMO-LayersUL and maxNumberSRS-Ports-PerResource need to be extended for three-layers and 3-port SRS respectively.



	ZTE
	Proposal 1: For 3-antenan-port non-coherent UL transmission, the transmission precoding matrix can be a combination of the following 3 column vectors based on the number of transmission layers:

· Regarding the coefficient of the transmission precoding matrix, at least legacy scheme should be supported, i.e., the coefficient equals to .
Proposal 2: For TPMI indication of 3-antenan-port codebook-based UL transmission, 
· 2 bits can be used for maxRank=1 for CP-OFDM and DFT-s-OFDM, 
· 3 bits can be used for maxRank=2 or 3 for CP-OFDM.
Proposal 3: For SRS configuration of 3-antenan-port codebook-based transmission, down select from the following alternatives:
· Alt-1: ‘2+1’ mode, i.e., two SRS resources are configured, one is configured with 2 SRS ports, and the other is configured with 1 SRS ports;
· Alt-2: ‘1+1+1’ mode, i.e., three 1-port SRS resources are configured;
· Alt-3: ‘4-1’ mode, i.e., one 4-port SRS resource is configured but 1 SRS port is canceled for SRS transmission.
Proposal 4: For 3Tx UE, new antenna switching capabilities can be introduced, i.e., ‘3T3R’ and ‘3T6R’,
· FFS: ‘3T4R’ and ‘3T8R’.
Proposal 5: For PTRS-DMRS association of 3-antenan-port codebook-based UL transmission, 1-bit indication is sufficient when maxNrofPorts=2.
Proposal 6: For PTRS-DMRS association of 3-antenan-port codebook-based UL transmission, when maxNrofPorts=1, whether 1 or 2 bits are needed should be further studied.


	CMCC
	Proposal 1: From UE implementations’ perspective, both single-panel UE and multi-panel UE could be considered to enable 3 TX UL transmission.
Proposal 2: For codebook design of 3 TX non-coherent UE, the 1-, 2-, 3-layer codebook tables corresponding to 3Tx UE are as follows:

Table 1: Precoding matrix  for single-layer transmission using three antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	
	
	
	-
	-




Table 2: Precoding matrix  for two-layer transmission using three antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	
	
	
	-
	-




Table 3: Precoding matrix  for three-layer transmission using three antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0
	

	
	
	
	
	
	-
	-


Proposal 3: For TPMI design of 3 TX non-coherent UE, the TPMI table corresponding to 3Tx UE are as follows:
Table 4: 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 5: Precoding information and number of layers or Second Precoding information, for 4 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 4: For multi-panel UE with 3 TX, 2 TX non-coherent codebook (2*X matrix), such as  , are used for 2 TX panel, and the existing TPMI for 2 TX can be reused for 2 TX panel.
Proposal 5: Three 1-port SRS resources are combined for 3-port SRS or 1-port SRS resource and 2-port SRS resource are combined for 3-port SRS for codebook transmission.
Proposal 6: When 1-port SRS resource and 2-port SRS resource are combined for 3-port SRS for codebook transmission, UE may split the SRS transmission power equally across all the SRS antenna ports within two SRS resources, or the ratio of SRS transmission power between 1-port SRS and 2-port SRS is 1/2.
Proposal 7: Two SRS resource sets can be configured for multi-panel UE, with SRS resource set-1 = {1-port SRS, 1-port SRS}, and SRS resource set-2 = {2-port SRS, 2-port SRS}.
Proposal 8: SRS resource set indication field is reused to indicate the transmission modes of two panels.
Proposal 9: SRS for codebook and SRS for antenna switching use the same configuration principles.
Proposal 10: SRS antenna switching for 3T3R can be configured with SRS resource set = {1-port SRS, 1-port SRS, 1-port SRS}, or configured with SRS resource set = {1-port SRS, 2-port SRS}.
Proposal 11: Support SRS antenna switching for 1T3R with three single-port SRS resources.


	Intel Corporation
	Proposal 1: A 3-port SRS resource can be constructed by disabling 1-port from a legacy 4-port SRS resource. 
Proposal 2: Consider a new codebook definition (Table 1) to facilitate a non-coherent UL transmission with 3 antenna ports or a sub-set of TPMIs from the legacy 4-port codebook (with 1 port disabled). 
Proposal 3: Consider a 3-bit TPMI indication (Table 2) in the DCI format 0_1/0_2 for scheduling PUSCH transmission with 3 antenna ports if a new codebook is specified. Alternatively legacy non-coherent TPMI table for 4-Tx can be considered (if the legacy codebook is retained). 
Proposal 4: Consider supporting antenna switching for 3 Tx for DL CSI acquisition (3T6R). 


	Google
	Proposal 1: Support to configure 3 1-port SRS resources in an SRS resource set for codebook and configure the UE to transmit the PUSCH associated with the 3 1-port SRS resources.
· The NW should provide the same configuration of bandwidth and TCI state for the SRS resources
· The UE transmits the 3 1-port SRS resources from different ports
· The NW can configure the UE to transmit the 3 1-port SRS resources on the same symbol(s)
Proposal 2: Support the SRS for antenna switching based on 3T4R, 3T6R and 3T8R.
Proposal 3: Support the NW configures y 1-port SRS resources for 3TyR operation
· The NW can configure 3 1-port SRS resources on the same symbol(s) or symbols without GP
· The NW should configure a GP between every 3 1-port SRS resources


	CATT
	Proposal 1: Adopt the following precoders for UL 3Tx:
· Rank-1: ;
· Rank-2: ;
· Rank-3: .
Proposal 2: For TPMI indication for UL 3Tx:
· The legacy TPMI indication framework is reused, i.e. a precoding information and number of layers filed is used to indicate the TPMI and TRI for the PUSCH transmission jointly.
· Two TPMI indication tables are adopted for UL 3Tx,
· One for maxRank = 1 and one for maxRank = 2 or 3.
Proposal 3: To facilitate 3 SRS ports for UL 3Tx, the following two schemes are considered:
· Option 1: Enabling 3 SRS ports by muting the 4th port in a 4-port SRS resource;
· Option 2: Enabling 3 SRS ports by combining SRS ports from multiple SRS resources.
Proposal 4: Support 1 PT-RS port and 2 PT-RS ports for UL 3Tx.
Proposal 5: Support full power transmission mode 0 for UL 3Tx.


	NEC
	Proposal 1: Support introducing configuration of 3-port SRS for 3Tx based on current SRS resource, and either aggregating of 1-port SRS and 2-port SRS or muting 1 or 5 ports for a 4-port or 8-port SRS can be considered for the 3-port SRS. And switching between 3-port SRS and 1 or 2-port SRS can be further studied.
Proposal 2: At least support following precoders for 3Tx: , ,  for 1-layer, , ,  for 2-layer and  for 3-layer; And also considering different amplitude values for different antenna ports. 


	MediaTek Inc.
	Proposal 1: Support up to maximum of 3-layers transmission on 3Tx UE. 
Proposal 2: Support the following non-coherent codebooks for 3Tx
Possible precoder matrices for single layer transmission using 3Tx ports	
	
	
	


Possible precoder matrices for two-layer transmission using 3Tx ports
	
	
	


Possible precoder matrices for three-layer transmission using 3Tx ports
	


Proposal 3: Study whether to support partial coherent codebooks for 3Tx. Reuse the existing 2Tx codebooks for 3Tx partial coherent CBs.
Proposal 4: SRS resource with 4 port is supported for 3Tx UE by muting one port.
Proposal 5: Study whether to support mode-1 operation for full power transmission at least for higher power class UEs.


	TCL
	Proposal 1: For codebook-based 3TX UL transmission, port selection precoding matrix in Table 1 should be included in non-coherent codebook.
Proposal 2: For codebook-based 3TX UL transmission, joint indication of TPMI and TRI, and the number of bits determined by the total number of precoding matrix across all ranks. 
Proposal 3: For SRS resource configuration supporting codebook-based UL transmission for an 3TX UE,  down-select from：
· Alt1: A single SRS resource set configured with X 4-port SRS resource(s), where X1;
· Alt2: A single SRS resource set configured with at least 3 of 1-port SRS resources.
· Alt3: A single SRS resource set configured with at least 1 of 1-port SRS resource and 1 of 2-port SRS resources
· Alt4: Support both Alt2 and Alt3.
Proposal 4: For codebook-based 3TX UL transmission, the SRI should be refined based on the SRS resource configuration. 


	Honor
	Proposal 1: Further study the following 3 options for 3-port SRS configuration: 
· Option 1: Reuse the legacy 4-port SRS resource and disable one of the antenna ports by additional indication. 
· Option 2: Support 3-port SRS configuration for a single SRS resource.
· Option 3: Combine the multiple legacy SRS resources configuration as an equivalent to a 3-port SRS configuration.
Proposal 2: Support Table 1-A/B/C for 3-port non-coherent UL codebook.
Proposal 3: The determination of power linear scaling for 3-port PUSCH transmission should be studied especially for Option 1 and 3.


	xiaomi
	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. 


	OPPO
	Proposal 1: Following non-coherent codebooks involving different transmission layers can be used for 3-antenna-port codebook-based transmission.

	Transmission layers
	Precoding matrix

	Single layer
	   
	    
	

	Two layers
	   
	   
	

	Three layers
	


Proposal 2: TPMI field could be 2 or 3bits for 3-antenna-port transmission
· For maxRank equals to 1, TPMI field could be 2 bits for DFT-s-OFDM and CP-OFDM.
· For maxRank equals to 2 or 3, TPMI field could be 3 bits for CP-OFDM.
Proposal 3: Following two alternatives are considered to achieve 3-port SRS resource
· Alt 1: Adapt a 4-port SRS resource to function as a 3-port SRS resource.
· A predefined rule is required to utilize three of the four SRS ports.
· Alt 2: Combine 1-port and/or 2-port SRS resources to achieve a 3-port SRS resource.
· Further study is required on the configuration of the SRS resource set and SRI enhancement.


	Samsung
	Proposal 1: Prioritize on relevant issues to specify UL 3TX codebook based transmission, and deprioritize other issues, e.g., UL 3TX non-codebook based transmission and SRS 3TX antenna switching.
Proposal 2: Support non-coherent UL 3TX codebook as in Table 1, 2, and 3 above.
Proposal 3: Introduce a UE capability for reporting a value of 3 for the maximum number of layers by codebook based PUSCH transmission.
Proposal 4: Support TPMI field in UL scheduling DCI with 2 or 3 bits, considering whether transform precoder is enabled or not and a configured value of maxRank.
Proposal 5: Support re-using 4-port SRS resource and the last port (i.e., SRS port 1003) is not transmitted for 3TX codebook based SRS transmission.
Proposal 6: Support power splitting equally across the actually used 3 antenna ports within 4-port SRS resource for 3TX codebook based SRS transmission.
Proposal 7: Support UL full power transmission mode 0 for UL 3TX codebook based transmission.
Proposal 8: Study on whether/how to enhance PTRS-DMRS association field in DCI.


	Fujitsu
	Proposal 1: In order to support uplink transmission with 3-ports, RAN1 to discuss the following options on SRS enhancement.
· Alt 1: the 4-port SRS resource is configured to the UE and one port is not used for transmission.
· Alt 2: bundled SRS resource, e.g., one 2-port SRS resource plus one single port SRS resource.
Proposal 2: For codebook based PUSCH transmission with 3 ports, RAN1 to discuss the non-coherent codebook with three ports for Rank-1 to Rank-3, as shown in below tables.
Table 8 Precoding matrix W for single layer transmission using 3 antenna ports (for both CP-OFDM and DFT-s-OFDM)
	TPMI Index
	W (ordered from left to right in increasing order of TPMI index)

	0-2
	
	
	



Table 9 Precoding matrix W for two-layer transmission using 3 antenna ports (for CP-OFDM)
	TPMI Index
	W (ordered from left to right in increasing order of TPMI index)

	0-2
	
	
	



Table 10 Precoding matrix W for three-layer transmission using 3 antenna ports (for CP-OFDM)
	TPMI Index
	W (ordered from left to right in increasing order of TPMI index)

	0
	



Proposal 3: For codebook based PUSCH transmission with 3 ports, RAN1 to discuss the TPMI indication of the non-coherent precoders with three ports.


	Sony
	Proposal 1: Single layer, two layers, and 3 layers transmission should be supported for 3 antenna port codebook-based transmission.
Proposal 2: Codebooks for 1 antenna port selection from 3 antenna ports should be supported.
Proposal 3: RAN1 should discuss whether partial-coherent and full-coherent UL codebook is specified in Release 19 or not.


	LG Electronics
	Proposal 1:  For 3Tx non-coherent codebook, adopt Table 1. 
Table 1. 3Tx non coherent codebook
	TPMI index
	Rank 1
	Rank 2
	Rank 3

	0
	
	
	

	1
	
	
	

	2
	
	
	


Proposal 2: Reuse 4-port SRS resource to support 3-port SRS transmission.
· Further investigate pros and cons of implicit/explicit 3-port determination of the 4-port SRS resource for 3-port SRS transmission.
Proposal 3: Support 3-port SRS antenna switching, i.e., specify 3TyR configuration. 
· FFS: Supported y value of 3TyR


	Nokia, Nokia Shanghai Bell
	Proposal 1: Support the 3Tx non-coherent codebook as listed in Table 1.
Table 4    3Tx non-coherent codebook
	Rank
	3Tx Precoders
	TPMI Size

	1
	, ,  
	3

	2
	, , 
	3

	3
	,
	1


Proposal 2: Support a maximum 3-bit TPMI field for non-coherent 3Tx.
Proposal 3: Consider re-using PT-RS design for 3Tx operation.


	Apple
	Proposal 1: For 3Tx PUSCH antenna ports, if UE is configured with SRS resource(s) with 4 antenna ports, UE splits SRS power equally across 3 antenna ports.
Proposal 2: For 3Tx PUSCH antenna ports, if UE is configured with SRS resource(s) with 4 antenna ports, the 4th SRS antenna port (1003) is considered dummy in specification. 
· UE does not expect the indicated precoding matrix by TPMI has a non-zero value on the 4th row
Proposal 3: For 3Tx antenna ports if the higher layer parameter txConfig = codebook, number of bits to indicate TPMI is determined as follows
· 2 bits if transform precoder is enabled, or if transform precoder is disabled and maxRank = 1
· 3 bits if transform precoder is disabled and maxRank = 2 or 3


	Sharp
	Proposal 1: 3-port PUSCH supporting up to 3 layers should be specified.
Proposal 2: We should introduce 3Tx codebook to reduce DCI overhead.


	Ericsson
	Proposal 1: Use the eMBB and FWA outdoor scenarios with their key simulation parameters from Table 1 as a starting point for 3 Tx UL MIMO related simulations.
Proposal 2: The 3 Tx codebook allows any combination of ports for each number of layers.
Proposal 3: The 3 Tx codebook is supported by setting a same row of all 4 Tx precoders to zero (‘port blanking’).
Proposal 4: Consider defining a maximum 3 layer capability for non-codebook based operation if time allows in the work item.
Proposal 5: 3 port SRS transmission for 3 Tx codebook based operation is supported by setting the power of one port of a 4 port SRS resource to zero (‘blanking’ an SRS port).
Proposal 6: Consider 1T3R and 3T3R SRS switching configuration for DL CSI acquisition, giving greater priority to 3T3R.


	NTT DOCOMO, INC.
	Proposal 1:  Introduce new precoding matrices as in Table 1, 2, 3 for PUSCH transmission using three antenna ports.
Table 1: Precoding matrix W for single layer transmission using three antenna ports.
	TPMI index
	W

	0 - 2
	



Table 2: Precoding matrix W for two-layer transmission using three antenna ports.
	TPMI index
	W

	0 - 2
	



Table 3: Precoding matrix W for three-layer transmission using three antenna ports.
	TPMI index
	W

	0 
	



Proposal 2:  Introduce new tables as Table 4, 5, 6 for “Precoding information and number of layers” indication for 3 antenna ports, for maxRank=1 or 2 or 3, respectively.
Table 4: Precoding information and number of layers for 3 antenna ports if maxRank=1
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved 


Table 5: Precoding information and number of layers for 3 antenna ports if maxRank=2
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layer: TPMI=1

	5
	2 layer: TPMI=2

	6
	Reserved 

	7
	Reserved


Table 6: Precoding information and number of layers for 3 antenna ports if maxRank=6
	Bit field
	codebookSubset=NonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	2 layer: TPMI=0

	4
	2 layer: TPMI=1

	5
	2 layer: TPMI=2

	6
	3 layer: TPMI=0

	7
	Reserved


Proposal 3: “Precoding information and number of layers” field for 3 antenna ports is
· 2-bit when maxRank=1 
· 3-bit when maxRank=2
· 3-bit when maxRank=3
Proposal 4: Consider following options for codebook SRS for 3Tx transmission. Option 1 is preferred.
· Option 1: reuse 4-port SRS resource while UE only transmits 3 ports.
· Option 2: reuse multiple 1-port and 2-port SRS resources.
Proposal 5: Support full power mode 0 for 3Tx. 
· Introduce UE capability for full power mode 0 for 3Tx.
Proposal 6: Support Rel-17 M-TRP PUSCH repetition for 3Tx. 
Proposal 7: For 3Tx, when 2 PTRS ports are configured, enhance PTRS-DMRS association as in Table 8.
Table 8: Enhanced PTRS-DMRS association for 3Tx
	codepoints
	PTRS port 0
	PTRS port 1

	00
	1st scheduled DMRS port
	2nd scheduled DMRS port

	01
	1st scheduled DMRS port
	3rd scheduled DMRS port

	10
	2nd scheduled DMRS port
	3rd scheduled DMRS port

	11
	Reserved


Proposal 8: Study antenna switching for following configuration for 3TyR.
· 3T6R with two 3-port SRS.
· 3T8R with following alternatives
· three 3-port SRS
· two 3-port SRS and one 2-port SRS
· The same options as in proposal 4 can be used to configure “3-port” SRS for antenna switching, e.g., reuse 4-port SRS.


	Qualcomm Incorporated
	Proposal 1: Support the following set of non-coherent precoders for 3 Tx UL MIMO transmissions. 
[image: R1-2401438 3 Tx UL MIMO transmissions  -  Protected View - Word]
Proposal 2: Use a 4-ports SRS resource to transmit 3 ports SRS by ignoring the last port/CS without transmitting it.
· SRS power over 3 SRS ports rather than 4 SRS ports
Proposal 3: For SRS antenna switching with 3 Tx on uplink, introduce 3T4R, 3T6R, and 3T8R. 
· RAN1 aim to minimize the specification impact to support 3T4R, 3T6R, and 3T8R.  
Proposal 4: if noncodebook based 3-Tx PUSCH is supported in Rel-19, introduce configuration of an SRS resource set with 3 single port SRS resources for usage of noncodebook. 





3. RAN1 AGREEMENTS FOR SUB-AGENDA 9.2.3
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.

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 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 uplink transmission by a 3TX UE, support full-power Mode 0, subject to UE capability.

Conclusion
There is no consensus in RAN1 to support antenna switching for 3TX UE in Rel-19

Agreement
For performance evaluation of 3TX UE, adopt the following Table as the reference EVM for LLS evaluation
· Companies may provide additional evaluation results per their case of interest
· LLS is optionally used for 3Tx UL evaluation, if needed
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz, 100 MHz

	Scheduled PRBs
	5, 25, 50, 260 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
	(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ

	UE speed
	3 Km/h

	Number of Layers
	Adaptive, Fixed (reported by company) 

	AMC
	Adaptive, Fixed (reported by company) 

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-A (30ns), CDL-B (100ns), CDL-C (300ns)



Agreement
For performance evaluation of 3TX UE, adopt the following Table as the reference EVM for SLS evaluation.
· Companies may provide additional evaluation results per their case of interest.
Note: The considered EVM is to be used as a baseline set of assumption for future potential studies related to 3TX.
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 CP-OFDM symbol slot
SCS , 30 KHz  

	Scenario
	eMBB:
Dense Urban (200m), 3.5GHz	

Outdoor FWA:
UMa (500m), 3.5GHz


	UE Outdoor/Indoor (%)
	eMBB:
80%, 20%

Outdoor FWA:
100%, 0%


	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆

Optional: 
Classical: two 8x1 xpols, 4λ apart; 4 TXRUs tilt=[104°] 


	gNB antenna radiation pattern parameters
	· Outdoor/Indoor
Per 38.901, Table 7.3-1
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

	UE antenna config	

	eMBB:
· Xpol+1pol; isotropic ULA
· Xpol+1pol; 110°, 4 dBi	

Outdoor FWA:
· Xpol+1pol; isotropic ULA
· 3 directional 1pol: 110°, 4 dBi


	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested low/high RU of values of 20% and 70%
-   Full buffer (optional) 

	Suggested benchmarking
	Rel-15 2Tx non-coherent


	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  to be selected according to the deployment scenario 

	UE power rating
	eMBB:
23 dBm, UL FPTx mode 0 or Rel-15 power scaling 	

Outdooe FWA:
31 dBm, UL FPTx mode 0


	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT




Agreement
For performance evaluation of 3TX UE, consider following reference configurations,
· A linear array (1D) of single-polarized antenna configuration with a spacing of 0.5λ, 
· For example:		 |
· A configuration of a cross-polarized and a single-polarized antennas, 
· For example:		 

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, one SRS resource set is configured for single TRP operation.

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.
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In summary, we have the following proposals for open issues for 3Tx UL MIMO for Rel-19 MIMO evolution.

Proposal 1: Support the following set of non-coherent precoders for 3 Tx UL MIMO transmissions.

3Tx Non-coherent codebook
Rank 1 (3 precoders) 1 1 1 0 1 0
—=|0| —]|1 —10
Valol V3lo] V3l
110 qroO 100
Rank 2 (3 precoders) —lo 1] —lo o] =10
3o o] V3lo 1l V3lo 1
J[roo
Rank 3 (1 precoder) = 010
“loo1

Proposal 2: Use a 4-ports SRS resource to transmit 3 ports SRS by ignoring the last port/CS without

transmitting it.

© SRS power over 3 SRS ports rather than 4 SRS ports

Proposal 3: For SRS antenna switching with 3 Tx on uplink, introduce 3T4R, 3T6R, and 3T8R.

RANI aim to minimize the specification impact to support 3T4R, 3T6R, and 3T8R.
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