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1 Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN1 #92 meeting, the following agreement on the default transmission scheme of UL transmission was achieved:
Agreement
· If ulTxConfig is not configured, the default transmission is 1 PUSCH port based
· The PUSCH is triggered by DCI format 0_0
· Note: there is no TPMI, no SRI indication in format 0_0
· Note: this does not imply new uplink transmission scheme shall be defined
The following agreement on SRS resource configuration was reached:
Agreement
· gNB should configure at least 1 SRS resource when ULTXconfig is codebook based UL transmission. No restriction on gNB’s configuration of SRS for UL scheduling by DCI format 0_0.
· If and when the SRS is triggered is up to gNB implementation
In this contribution we discuss remaining issues on codebook based UL transmission, including details on the UL transmission procedure, as well as clarifications on antenna ports and precoding determination.
2 Discussion
2.1 Transmission schemes for UL transmission with dynamic grant 
In last meeting, it was agreed that if ulTxConfig is not configured, PUSCH is scheduled by DCI format 0_0 with 1 PUSCH port based transmission. The details for the transmission procedure of PUSCH scheduled by DCI format 0_0 is missing in current specifications. In our opinion, as there is no TPMI/TRI field and Antenna port field in DCI format 0_0, when PUSCH is scheduled by DCI format 0_0, single layer transmission on a single antenna port shall be used. Herein the antenna port can be a default antenna port, e.g. antenna port 1000. Therefore, if ulTxConfig is not configured, single layer transmission on a default single antenna port is used. 
Proposal 1: When PUSCH is scheduled by DCI format 0_0, single layer transmission on antenna port 1000 shall be used.
As there is no Antenna port field in DCI format 0_0, when PUSCH is scheduled by DCI format 0_0, the antenna port of DMRS shall be a default antenna port, e.g. antenna port 0.
Proposal 2: When PUSCH is scheduled by DCI format 0_0, its corresponding DMRS antenna port is antenna port 0.
For either codebook or non-codebook based UL transmission, at least 1 SRS resource should be configured. However, UL transmission may be scheduled before SRS is actually transmitted. When there is no SRS transmission before PUSCH, it is up to gNB to decide how to indicate SRI and TPMI/TRI in UL grant. Although SRI and TPMI/TRI are not determined based on SRS transmission in such condition, UE is expected to determine its PUSCH transmission precoder and transmission rank with the SRI and TPMI/TRI fields, and determine the DMRS port(s) based on the Antenna port filed in DCI. As there is no SRS transmission, the indicated SRI is associated with the configured SRS resource that identified by the SRI.
Figure 1 provides a flow chart for the transmission schemes for PUSCH with dynamic grant:
· If ulTxConfig is not configured, the PUSCH is triggered by DCI format 0_0, i.e., single layer transmission with precoding matrix W=1 should be used.
· If ulTxConfig and its corresponding SRS resource set are configured, 
· If PUSCH is scheduled by DCI format 0_0, single layer transmission with precoding matrix W=1 should be used.
· If PUSCH is scheduled by DCI format 0_1, 
· The PUSCH transmission follows the configured ulTxConfig, i.e.,
· For codebook based UL transmission, the UE determines the precoder and transmission rank based on the SRI, TRI and TPMI fields from the DCI, and determines the DMRS ports based on the TRI and TPMI and Antenna ports fields from the DCI;
· For non-codebook based UL transmission, the UE determines the precoder and transmission rank based on the SRI field, and determines the DMRS ports based on the SRI and Antenna ports fields from the DCI.
Herein the SRS resource set corresponds to ulTxConfig is the SRS resource set with the higher layer parameter SRS-SetUse set to value aligned with that of ulTxConfig, i.e., the SRS resource set corresponds to ulTxConfig is the SRS resource set with SRS-SetUse set to be ‘codebook’(‘nonCodebook’) when ulTxConfig is set to be ‘codebook’(‘nonCodebook’).


Figure 1: PUSCH transmission schemes when scheduled by DCI

2.2 Transmission schemes for UL transmission with configured grant 
For PUSCH transmission with dynamic grant and Type 2 PUSCH transmission with configured grant, the antenna port, TPMI/TRI and SRI are indicated by DCI. For Type 1 PUSCH transmission with configured grant, the antenna port, precoding TPMI/TRI and SRI are RRC configured. Therefore the determination procedure of the transmission parameters for Type 1 PUSCH transmission with configured grant would be different from PUSCH transmission with dynamic grant.
Proposal 3: The UL transmission procedure for Type 1 PUSCH with configured grant should be captured in TS 38.214 .
For PUSCH transmission with configured grant, the higher layer parameter ulTxConfig is expected to be always configured. When ulTxConfig is configured, similar transmission schemes as PUSCH transmission with dynamic grant can be used for Type 1 PUSCH transmission with configured grant:
· The PUSCH transmission scheme follows the configured ulTxConfig, i.e.
· For codebook based UL transmission, the UE determines the precoder and transmission rank based on the SRI, TRI and TPMI fields provided by the higher layer configuration rrc-ConfiguredUplinkGrant, and determines the DMRS ports based on the TRI and TPMI and Antenna ports fields provided by the higher layer configuration rrc-ConfiguredUplinkGrant;
· For non-codebook based UL transmission, the UE determines the precoder and transmission rank based on the SRI field provided by the higher layer configuration rrc-ConfiguredUplinkGrant, and determines the DMRS ports based on the SRI and Antenna ports fields provided by the higher layer configuration rrc-ConfiguredUplinkGrant.
2.3 Antenna port definition and determination

In clause 6.3.1.5 of TS38.211 for PUSCH precoding, it is mentioned that ‘The set of antenna ports [image: ] shall be determined according to the procedure in [6, TS 38.214]’. However, the definition of  is not clear, and the SRS antenna port determination procedure is not captured in TS38.214. Therefore, the definition and determination procedure of SRS antenna ports should be clarified. 
Proposal 4: Clarify the definition and determination procedure of [image: ]in TS38.211 and TS38.214.
3 Conclusions
In this contribution, we discussed the remaining issues on codebook based UL transmission, including details of UL transmission procedure for PUSCH transmission with dynamic grant and PUSCH transmission with configured grant. Clarification on antenna ports and precoding determinations is also proposed. We propose that:
Proposal 1: When PUSCH is scheduled by DCI format 0_0, single layer transmission on antenna port 1000 shall be used.
Proposal 2: When PUSCH is scheduled by DCI format 0_0, its corresponding DMRS antenna port is antenna port 0.
Proposal 3: The UL transmission procedure for PUSCH with configured grant should be captured in TS 38.214 .
Proposal 4: Clarify the definition and determination procedure of [image: ]in TS38.211 and TS38.214.
Based on our proposal, we provide the proposed TP for codebook based UL transmission as follows:
-------------------------------------------Start of TP for 38.211-----------------------------------------------------
6.3.1.5	Precoding


The block of vectors ,  shall be precoded according to




where , .  



The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214]. For PUSCH transmission scheduled with DCI format 0_0, , the antenna port is antenna port 1000, otherwise,

· 

For non-codebook-based transmission, the antenna port  is antenna port {1000} of the ith SRS resource determined according to the procedure in [6, TS 38.214], i=0,…, the precoding matrix  equals the identity matrix.
· 


For codebook-based transmission, the precoding matrix  is given by  for single-layer transmission on a single antenna port, otherwise the set of antenna ports  are antenna ports {1000, …,1000+ -1} in the SRS resource determined according to the procedure in [6, TS 38.214]. Except for single-layer transmission on a single antenna port,  the precoding matrix for codebook-based transmission is given by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index obtained from the DCI scheduling the uplink transmission for the uplink transmission triggered by DCI, or is given by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index obtained from the higher layer configuration rrc-ConfiguredUplinkGrant for Type I PUSCH transmission with configured grant. 


For single-layer transmission on a single antenna port, the precoding matrix  is given by .
<Unrelated part omitted>
-----------------------------------------------------End of TP ----------------------------------------------------------

-------------------------------------------Start of TP for 38.214-----------------------------------------------------

6.1.1.1	Codebook based UL transmission
For codebook based transmission triggered with DCI format 0_1, the UE determines its PUSCH transmission precoder and transmission rank based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. For codebook based Type 1 PUSCH transmission with a configured grant, the UE determines its PUSCH transmission precoder and transmission rank based on SRI, TRI and TPMI provided by the higher layer configuration rrc-ConfiguredUplinkGrant, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter ulTxConfig set to ‘Codebook’, the UE is configured with at least one SRS resource. When there is at least one SRS transmission associated to the SRS resource set with higher layer parameter SRS-SetUse set to ‘Codebook’, Tthe indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
When the UE is configured with the higher layer parameter ulTxConfig set to ‘Codebook’, the UE is configured with one SRS resource set with higher layer parameter SRS-SetUse set to ‘Codebook’.
For codebook based transmission triggered with DCI format 0_0, the transmission rank is 1.
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with ‘fullAndPartialAndNonCoherent’, or ‘partialAndNonCoherent’ , or 'Non-Coherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
A UE reporting its UE capability of 'partialAndNonCoherent ' transmission shall not expect to be configured by ULCodebookSubset with ‘fullAndPartialAndNonCoherent’. 
A UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to be configured by ULCodebookSubset with ‘fullAndPartialAndNonCoherent’ or with ‘partialAndNonCoherent '.
A UE shall not expect to be configured with the higher layer parameter ULCodebookSubset set to ‘partialAndNonCoherent’ when two [SRS] antenna ports are configured.
For codebook based transmission, the UE may be configured with a single SRS resource set with the higher layer parameter SRS-SetUse is set to 'Codebook' and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. 
When multiple SRS resources are configured, the UE shall expect that higher layer parameter NrofSRS-Ports shall be configured with the same value in all SRS resources, and the higher layer parameter SRS-ResourceConfigType shall be configured with the same value in all SRS resources.
6.1.1.2	Non-Codebook based UL transmission
For non-codebook based transmission triggered with DCI format 0_1, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI field from the DCI. For non-codebook based Type 1 PUSCH transmission with a configured grant, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI provided by the higher layer configuration rrc-ConfiguredUplinkGrant. When the UE is configured with the higher layer parameter ulTxConfig set to ‘nonCodebook’, the UE is configured with one SRS resource set with higher layer parameter SRS-SetUse set to ‘nonCodebook’. Only one SRS port for each SRS resource is configured. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is being part of UE capability signalling. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter srsSetUse set to ‘nonCodebook’. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. When there is at least one SRS transmission associated to the SRS resource set with high layer parameter SRS-SetUse set to ‘nonCodebook’, tThe indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n. 
For non-codebook based transmission triggered with DCI format 0_0, the transmission rank is 1.
<Unrelated part omitted>
-----------------------------------------------------End of TP ----------------------------------------------------------
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