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Introduction
In this contribution, we raise the issues of confusing UE behavior when non-codebook based UL transmission is configured and propose solutions to resolve these confusing issues.  We also discuss remaining open issues on non-codebook based UL transmission.
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Timing relationship between SRS and CSI-RS
In RAN1#91, the following was agreed:
	The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. X is fixed for all UE (FFS X values)
•	X is defined per SCS


That is the gap from the end of the AP-CSI-RS resource to the start of the AP-SRS transmission shall be at least X symbols, as shown in Figure 1.  
[bookmark: _Ref503282549][image: ]
[bookmark: _Ref503550857]Figure 1.  Timing relationship between AP-CSI-RS and AP-SRS.
However, it not properly captured in current specification.  In [1], Section 6.1.1.2, the gap was defined as the duration between the SRS transmission and the SRS transmission request:
	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, where the SRS transmission happens [TBD] symbols after the SRS transmission request. 


Regarding the value of X, we propose to follow the AP-CSI reporting timing defined in [2]:
[bookmark: _Toc503611330]Proposal 1:	When a AP-SRS resource set is associated with an AP-CSI-RS resource, the AP-SRS is transmitted at least N3 OFDM symbols after the end of the AP-CSI-RS, where N3 is the AP-CSI timing parameter.
More details regarding the timing parameter N3 can be found in [2].  The text proposal can be found in the Appendix.
Triggering of CSI-RS associated with SRS
In RAN1#90bis, the following was agreed:
	· 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


In RAN1#90, it was further agreed that the CSI-RS resource is associated to a SRS resource set.  But it’s not clear how to trigger the AP-SRS transmission and how to trigger the AP-CSI-RS transmission if it is associated with the AP-SRS.  If the AP-SRS transmission shall be always triggered by the SRS request field in DCI.  If the AP-SRS is associated with AP-CSI-RS, the AP-CSI-RS transmission shall be triggered by the CSI request field in DCI.  Notice that the SRS request field exists in DCI formats 0_1, 1_1, and 2_3, while the CSI request field only exists in DCI format 0_1.  For the reliability reason, it is always preferred to use a single DCI to carry dynamic signaling.  The AP-SRS associated with AP-CSI-RS can only triggered by DCI format 0_1.  
[bookmark: _Toc503611331]Proposal 2:	When a UE is configured with an AP-SRS resource set for non-codebook based UL transmission and the AP-SRS resource set is associated with an AP-CSI-RS resource, the AP-SRS transmission is triggered by DCI format 0_1.
Given the maximum number of SRS resources for non-codebook based UL transmission is 4 and each resource is mapped to one SRS port, it is unnecessary to have a CSI-RS resource with a large number of ports if the CSI-RS resource is dedicated for SRS precoding derivation.  Based on this, we proposed
[bookmark: _Toc503611332]Proposal 3:	When a CSI-RS resource associated with an AP-SRS resource set for non-codebook based UL transmission is not linked with any ReportConfig where the ReportQuantity is set to other than “no report,” the maximum number of ports in the CSI-RS resource is 4.
The corresponding text proposal is in the Appendix.
SRS reference resource for SRI
According to Section 6.1.1.2 in [1], A UE may receive the SRI which shall be associated with the most recent SRS transmission.  There could be different interpretation for “the most recent SRS transmission.”  The most recent SRS can be defined either w.r.t. the PDCCH carrying the UL grant as shown in Figure 2, or w.r.t. the PUSCH scheduled by the UL grant as shown in Figure 3.  The SRI is used to indicate which precoding associated with the SRS resource is expected to be used for PUSCH transmission.  The SRI is selected based on the UL SRS channel estimation.  It’s worth noting that the precoding on the same SRS resource may change from one sounding instance to another.  In Figure 3, the SRI selected based on SRS 0 is associated with SRS 1 which may be using a different precoding than SRS 0.  Thus, if the SRI is associated with the “most recent” SRS transmission w.r.t. the PUSCH transmission, there could be a mismatch in PUSCH precoding.  To address this issue, we propose to adopt the interpretation in Figure 2.  The corresponding text proposal is provided in the Appendix.
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[bookmark: _Ref503283537]Figure 2.  SRI is associated with the most recent SRS w.r.t. PDCCH carrying UL grant.
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[bookmark: _Ref503283530]Figure 3.  SRI is associated w.r.t. the scheduled PUSCH transmission.



Conclusions 
In this contribution, we raise the issues of confusing UE behavior when non-codebook based UL transmission is configured and propose solutions to resolve these confusing issues.  We also discuss remaining open issues on non-codebook based UL transmission.  We propose
Proposal 1:	When a AP-SRS resource set is associated with an AP-CSI-RS resource, the AP-SRS is transmitted at least N3 OFDM symbols after the end of the AP-CSI-RS, where N3 is the AP-CSI timing parameter.
Proposal 2:	When a UE is configured with an AP-SRS resource set for non-codebook based UL transmission and the AP-SRS resource set is associated with an AP-CSI-RS resource, the AP-SRS transmission is triggered by DCI format 0_1.
Proposal 3:	When a CSI-RS resource associated with an AP-SRS resource set for non-codebook based UL transmission is not linked with any ReportConfig where the ReportQuantity is set to other than “no report,” the maximum number of ports in the CSI-RS resource is 4.
We also provide the text proposal in the Appendix.
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Appendix: Text proposal (38.214)
[bookmark: _Toc501048208][bookmark: _Hlk503282723]6.1.1.2	Non-Codebook based UL transmission
[bookmark: _Hlk498597149]... 
[bookmark: _Hlk498591525]-	If aperiodic SRS resource is configured, the NZP CSI-RS resource[CSI-RS information in the same slot TBD] for determining SRS precoding 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, where the SRS transmission happens [TBD] symbols after the SRS transmission request. A UE may receive the SRI which shall be associated with the most recent SRS transmission before the PDCCH carrying the SRI.   If the aperiodic SRS resource set is associated with an aperiodic NZP CSI-RS resource, a UE is not expected to update the SRS precoding, when the gap from the end of the aperiodic CSI-RS resource to the start of the aperiodic SRS resource set is less than N3 OFDM symbols, where N3 is defined in Table [TBD].
-	If periodic or semi-periodic SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.
When a UE is configured with an aperiodic SRS resource set for non-codebook based UL transmission and the aperiodic SRS resource set is associated with an aperiodic CSI-RS resource, the aperiodic SRS transmission and the aperiodic CSI-RS transmission are triggered by the same PDCCH using DCI format 0_1, where the aperiodic SRS transmission is indicated by the SRS request field and the aperiodic CSI-RS transmission is indicated by the CSI request field.
If the aperiodic SRS resource set is associated with an aperiodic NZP CSI-RS resource,
- 	DCI format 0_1 is used for requesting the aperiodic SRS transmission and the associated aperiodic NZP CSI-RS transmission.
-	the maximum number of ports in the associated aperiodic NZP CSI-RS resource is 4.
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