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1. Introduction

This contribution provides a text proposal for non-codebook based UL transmission based on current agreements.
Agreement:

For non-codebook based UL transmission, the UE can only be configured for one SRS resource set with the following details:

· The UE can be configured to simultaneously transmit up to X SRS resources

· X is part of UE capability signalling

· The SRS resources transmitted simultaneously occupy the same RBs

Agreement:

· SRI is associated with the most recent SRS transmission
Agreement:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition

· Specify the following mechanism for DCI signalling:

· Using the same field for AP-SRS resource triggering 

· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured

· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS is a CSI-RS for CSI acquisition

· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 

· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 

· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 

· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot

· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS

· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation

Agreement:

· For the association between CSI-RS and an SRS for non-codebook based uplink transmission, the CSI-RS resource is associated to a SRS resource set.
2. Discussion
2.1. Discussion on for non-codebook based transmission
The SRI in UL grant is used to indicate the beam/precoder used for the scheduled PUSCH. Since the processing time for gNB to select the SRS resource(s) and when to transmit UL grant are both up to gNB implementation, UE doesn’t need to assume any latency between SRS transmission and SRI indication. Then we have the following proposal:
Proposal 1: The SRI in slot n is associated with the most recent SRS transmission before slot n.
In LTE, all the UL transmission is based on SRS for CSI acquisition and UL scheduling. It was proposed by some companies to exploit DMRS for UL scheduling and transmit PUSCH without SRS. However, the bandwidth of DMRS could be very small and can’t be used for frequency selective scheduling. The CSI measurement on precoded DMRS ports is difficult to be used for other UL transmission. Furthermore, if there is no continuous UL transmission, there may be no DMRS to be used. It is expected that there would be performance loss for no-SRS based compared to SRS based UL transmission. For non-codebook based UL transmission, if no SRI is indicated, gNB and UE can’t even determine which rank to be used. Therefore, gNB should configure at least one SRS resource for UL transmission, and single port transmission (e.g. based on fallback DCI) can be used before SRS resource is configured.

Proposal 2: UE expects to be configured with at least one SRS resource(s) for non-codebook based UL transmission. Before SRS resource is configured, only single port transmission based on fallback DCI is supported.
/************************ Start of Text Proposal for 38.212 **************************/
7.3.1.1.2
Format 0_1
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/************************ Start of Text Proposal for 38.212 **************************/
It was agreed that a CSI-RS resource can be configured for a SRS resource set to acquire the precoder of the SRS resource set. For aperiodic SRS, the association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured. The associated CSI-RS resource ID can be used for precoding of the triggered aperiodic SRS. However, the restriction that the associated CSI-RS is also triggered by the SRS triggering is not needed. If single trigger is used to trigger both SRS and associated CSI-RS, the transmission latency between SRS triggering and SRS transmission should be very large since there is a limitation of 42 symbols between the SRS and CSI-RS transmission. The associated CSI-RS can be a CSI-RS transmitted before the triggering via either periodic, semi-persistent or aperiodic transmission.
Proposal 3: For an aperiodic SRS resource set for non-codebook based transmission, the associated CSI-RS resource(s) is not triggered by the SRS triggering.
/************************ Start of Text Proposal for 38.214 **************************/
6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. 
-
If aperiodic SRS resource is configured, the association among aperiodic SRS triggering state, triggered SRS resource(s) SRS-ResourceConfigId, CSI-RS resource ID NZP-CSI-RS-ResourceConfigID are higher layer configured by AperiodicSRS-ResourceTrigger. A UE may receive the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL CSI-RS resource. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the AP-CSI-RS resource and the first symbol of the AP-SRS transmission is less than 42 OFDM symbols. A UE may receive the SRI which shall be associated with the most recent SRS transmission. 
/************************* End of Text Proposal for 38.214 ***************************/
During the discussion on non-codebook based UL transmission in NR, the transmission and signaling design are based on assumption of channel reciprocity. Though some companies want to reuse the transmission scheme for rank 1 close-loop antenna port selection for scenarios without reciprocity, the necessity needs further discussion. The antenna port selection for case of non-coherent transmission has been supported by non-coherent codebook in codebook based UL transmission with similar DCI overhead. The only difference is to use N single port SRS resources or single N port SRS resource. We don’t need to support the same function in both codebook based non-codebook based UL transmission. Furthermore, for non-codebook based UL transmission, the precoder is fully decided by UE, and there is no limitation for UE to only perform antenna selection based on N SRS resources (e.g. transmit different SRS resource in different antenna). Therefore, non-codebook based UL transmission without channel reciprocity should not be supported in NR. If a UE is configured for non-codebook based UL transmission, gNB should configure at least one SRS resource and associated CSI-RS resource for UE to acquire the precoder based on channel reciprocity.
Proposal 4: A UE configured with non-codebook based UL transmission by RRC is expected to be configured with a NZP CSI-RS resource for precoder of SRS.

/************************ Start of Text Proposal for 38.214 **************************/
6.2.1
UE sounding procedure

If a UE is configured with the higher layer parameter ulTxConfig set to 'NonCodebook', the UE is expected to be configured with a NZP CSI-RS resource where a NZP-CSI-RS-ResourceConfigId is associated with an SRS resource set. For a SRS resource set with the higher layer parameter SRS-ResourceConfigType set to 'aperiodic', NZP-CSI-RS-ResourceConfigId is configured by higher layer parameter AperiodicSRS-ResourceTrigger. Otherwise, NZP-CSI-RS-ResourceConfigId is configured by higher layer parameter SRS-AssocCSIRS.
/************************* End of Text Proposal for 38.214 ***************************/
2.2. Correction to current specifications
· Issue 1
In 38.211, it is described that the set of antenna ports 
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 used for non-codebook based PUSCH transmission shall be determined according to the procedure in [6, TS 38.214]. However, there is not corresponding description in 38.214 on the antenna ports
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. Since identity matrix is used as W in section 6.3.1.5 [4, 38.211], the set of antenna ports 
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 for non-codebook based UL transmission could be the same as the DMRS antenna ports, where the antenna ports 
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 and DMRS antenna ports are conveyed over the same channel.
/************************ Start of Text Proposal for 38.214 **************************/
6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI field from the DCI. 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. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.
The set of antenna ports 
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used for non-codebook based UL transmission is the same as the DMRS antenna ports used for the PUSCH transmission.
/************************* End of Text Proposal for 38.214***************************/
· Issue 2 (Editing correction)
Only the number of SRS resources which can be simultaneously transmitted is part of UE capability (in the same RBs is not part of UE capability). The current description will lead to misunderstanding.
/************************ Start of Text Proposal for 38.214 **************************/
6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on wideband SRI field from the DCI. 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 simultaneous transmission is being part of UE capability signalling, and the SRS resources for simultaneous transmission should occupy the same RBs. Only one SRS resource set can be configured. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.
/************************* End of Text Proposal for 38.214***************************/

· Issue 3 (Editing correction)
“A UE should assume that SRI is associated with the most recent SRS transmission” should be applied to all types of SRS, not only AP-SRS.
/************************ Start of Text Proposal for 38.214 **************************/
6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on wideband SRI field from the DCI. A UE should assume that SRI is associated with the most recent SRS transmission. 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. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.
For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. 
-
If aperiodic SRS resource is configured, the [CSI-RS information in the same slot TBD] for UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) SRS-ResourceConfigId, CSI-RS resource ID NZP-CSI-RS-ResourceConfigID are higher layer configured by AperiodicSRS-ResourceTrigger. A UE may receive the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL CSI-RS resource. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the AP-CSI-RS resource and the first symbol of the AP-SRS transmission is less than 42 OFDM symbols. 
-
If periodic or semi-periodic SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for UL channel measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.
/************************* End of Text Proposal for 38.214***************************/

3. Conclusion
In this contribution, we discuss the remaining issues for non-codebook based UL transmission, and have the following proposals and some text proposals in section 2. 
Proposal 1: The SRI in slot n is associated with the most recent SRS transmission before slot n.
Proposal 2: UE expects to be configured with at least one SRS resource(s) for non-codebook based UL transmission. Before SRS resource is configured, only single port transmission based on fallback DCI is supported.
Proposal 3: For an aperiodic SRS resource set for non-codebook based transmission, the associated CSI-RS resource(s) is not triggered by the SRS triggering.
Proposal 4: A UE configured with non-codebook based UL transmission by RRC is expected to be configured with a NZP CSI-RS resource for precoder of SRS.
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