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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution we discuss remaining issues on non-codebook based UL transmission. 
Discussion
Trigger of AP-CSI-RS associated with AP-SRS resource
In RAN1 #90bis meeting, the following agreement was achieved on associated CSI-RS for AP-SRS for non-codebook based UL transmission:
· 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
The above agreement implies that the associated CSI-RS resource of the AP-CSI-RS for non-codebook based UL transmission is indicated in the AP-SRS trigger state. To our understanding, it does not mean that the SRS request field is used to jointly trigger SRS and its associated CSI-RS. The SRS request field can indicate which AP CSI-RS is used to derive UL candidate precoders, but not trigger the AP CSI-RS. However, some companies have different interpretation on it, i.e., two views are provided by companies as follows: 
· Alt. 1: SRS request field in DCI can trigger SRS and its associated CSI-RS.
· Alt. 2: SRS request field in DCI is not used to trigger the associated AP-CSI-RS of a SRS resource set.
The benefit of Alt. 1 is potential saving of DCI signaling overhead, as no additional CSI request is needed. However, for Alt. 1, an AP-SRS with an associated AP-CSI-RS can only be triggered when there are DL resources available for the associated AP-CSI-RS transmission. This is a restriction for gNB scheduling. Moreover, if Alt. 1 is adopted, some open issues have to be solved, e.g., how to indicate the QCL information for the associated AP-CSI-RS. In current specification, QCL information for A-CSI-RS is provided in A-CSI trigger state. 
Alt.1 provides some benefit but at the cost of restriction on gNB scheduling, and creates more opening issues. We prefer not to introduce this kind of optimization at such late stage. 
Alt.2 is a scheme that can work according to the current specification. Although it may result in higher DCI overhead compared to Alt.1, gNB’s scheduling flexibility is retained. 
Proposal 1: SRS request field in DCI shall not be used for triggering the associated AP-CSI-RS when associated AP-CSI-RS of a SRS resource set is configured.
In RAN1 #AH 1801 meeting, the following agreement was achieved on the gap of the associated AP-CSI-RS and the AP-SRS:
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.
The association of AP-CSI-RS transmission and the AP-SRS transmission should be further clarified. If there are multiple AP-CSI-RS transmissions associated with an AP-SRS resource 42 OFDM symbols earlier than the AP-SRS transmission, the CSI-RS transmission used for SRS precoding determination shall be specified. That is because the QCL information of an AP-CSI-RS is carried by the trigger state. Different AP-CSI-RS transmissions associated with the same AP-CSI-RS resource may be QCL-ed to different signals. Hence, different gNB Rx beams may be used to receive the respective SRS transmission. If it is up to UE implementation to determine which CSI-RS transmission is used for SRS precoding determination, gNB may not be able to set proper Rx beam to receive the SRS. This may cause performance degradation. 
An AP-CSI-RS resource can be triggered for DL CSI reporting, beam management, or for UL precoding determination. If an AP-CSI-RS triggered with CSI reporting can be used for UL precoding determination, the QCL information of the AP-CSI-RS have to be determined with the consideration of  both CSI reporting and UL precoding determination. This may restrict the QCL information configuration for the AP-CSI-RS and cause performance degradation. In order to relax the restriction, it can be specified that only associated AP-CSI-RS triggered with the higher layer parameter ReportQuantity set to 'none' can be used for SRS precoding  determination. Note that when a CSI-RS resource set is used for beam management, it also can be triggered with ReportQuantity set to 'none'. In our opinion, gNB is capable of configuring AP-CSI-RS resources properly to avoid UE’s misunderstanding on whether a CSI-RS resource is used for beam management or for UL precoding determination when it is triggered with the higher layer parameter ReportQuantity set to 'none'.
Proposal 2: For non-codebook based transmission, UE is expected to derive the SRS precoding information based on the most recent associated AP-CSI-RS that is triggered with the higher layer parameter ReportQuantity set to 'none' and satisfy the condition that 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 no less than 42 OFDM symbols.
According to the proposal, our text proposal is as follows:
[bookmark: _Toc501048206]-----------------------------------------------------Start of TP for 38.214---------------------------------------------------------------
6.1.1.2	Non-Codebook based UL transmission
<Unrelated part omitted>
For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set.
-	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. If the NZP CSI-RS resource is a AP-CSI-RS resource, A UE is not expected to update determine the SRS precoding information based on the latest AP-CSI-RS transmission that with  the higher layer parameter ReportQuantity set to 'none' and satisfy the condition that 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 no less than 42 OFDM symbols. A UE may receive the SRI which shall be associated with the most recent SRS transmission. 
-	If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.
<Unrelated part omitted>
--------------------------------------------------------------End of TP -------------------------------------------------------------------
Simultaneous transmission of SRS resources 
In RAN1 #91 meeting, it was agreed that
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
Suppose that a UE is capable of transmitting up to X SRS resources simultaneously, and is configured with N SRS resources for non-codebook based transmission. If there is no restriction on the SRI indication, gNB may indicate SRS resources that cannot be transmitted simultaneously. Therefore, some companies prefer to disallow configuring more than X SRS resources. Other companies suggest that only SRS resources configured in the same symbol can be indicated by gNB when N > X. In our opinion, X represents the number of Tx chains that a UE is equipped with. When N>X, gNB can avoid indicating SRS resources that cannot be transmitted simultaneously through proper SRS resources configuration and indication. For example, the SRS resources that are supposed to be transmitted simultaneously can be configured within the same symbol. Only SRS resources configured in the same symbol can be indicated by gNB simultaneously for spatial multiplexing transmission. 
Allowing N>X implies that PUSCH transmission with beam switching or antenna switching can be supported, which may provide additional diversity gain. The PUSCH transmission with beam switching and/or antenna switching is implicitly supported by current specification. 
For non-codebook based UL transmission, at most one SRS resource set with up to 4 SRS resources can be configured. Each SRS resource is configured with only one SRS port. That means N can take a value from {1,2,3,4}, and similarly X can take a value out of {1,2,3,4}. The typical configurations of (X,N) with N>X are as follows:
Configuration 1:  (X=1, N>1)
As shown in Figure 1-a and Figure 1-b, if more than 1 SRS resources are configured in different symbols, UE is allowed to transmit SRS with different analog beams. 


                               
  (a) A SRS configuration example for X = 1, N=2         (b) A SRS configuration example for X = 1, N=4
Figure 1: Examples of SRS configurations for X = 1, N>1
If a UE is capable of SRS transmission with 1T2R antenna switching, PUSCH transmission with antenna switching can also be supported implicitly if 2 SRS resources are configured with a certain gap. For example, if the guard period for antenna switching for the UE is 2 symbols, when the SRS resources are configured as shown in Figure 2, UE can transmit SRS resources with different antenna elements.


Figure 2: A SRS configuration example for X=1, N=2
If a UE is capable of SRS transmission with 1T4R antenna switching, PUSCH transmission with antenna switching can be supported if the 4 SRS resources are configured with certain gap in between. For periodic and semi-persistent SRS resources the spec allows configuring slot offset per resource which allows SRS resources in a set configured in different slots (e.g, as shown in Figure 3). However, according to current agreement, transmission slot offset is configured per set for aperiodic SRS. As a result, if the SRS resource set for PUSCH transmission is aperiodic, it won’t be configured across slots. Since SRS resources only can be configured in the last 6 symbols of a slot and the gap for UE’s antenna switching is 1 or 2 symbol(s), PUSCH transmission with antenna switching among 4 antennae is not achievable. The UE can be configured with N=2 or N=3 with guard period for antenna switching, then diversity gain from antenna selection also can be obtained. 

                               
Figure 3: A SRS configuration example for X = 1,  N = 4.

Configuration 2:  (X=2, N=4)
As shown in Figure 4, for X=2, N=4, SRS resources can be configured on 2 symbols with 2 SRS resources in each symbol in a slot. The UE can transmit SRS with different analog beams in different symbols. Beam refinement can be obtained. Then SRI can be used to indicate one SRS resource or 2 SRS resources in the same symbol.
PUSCH transmission with antenna switching also can be supported if SRS resources are configured in 2 symbols with 2 SRS resources in each symbol. For the UE with SRS antenna switching capability, if the UE transmits SRS with different antennas in different symbols, diversity gain from antenna selection can be obtained. Then SRI can be used to indicate one SRS resource or 2 SRS resources in the same symbol.


Figure 4: A SRS configuration example for X = 2, N = 4
Proposal 3: PUSCH transmission with antenna switching is not explicitly supported in Rel-15.  
Proposal 4: For non-codebook based UL transmission, when a UE is capable of transmitting with up to X SRS  resources simultaneously, the UE can be configured with more than X SRS resources if X<4.  
Conclusions
In this contribution, we discuss the remaining issues for non-codebook based UL transmission. We propose that:
Proposal 1: SRS request field in DCI shall not be used for triggering the associated AP-CSI-RS when associated AP-CSI-RS of a SRS resource set is configured.
Proposal 2: For non-codebook based transmission, UE is expected to derive the SRS precoding information based on the most recent associated AP-CSI-RS that is triggered with the higher layer parameter ReportQuantity set to 'none' and can satisfy the condition that 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 no less than 42 OFDM symbols.
Proposal 3: PUSCH transmission with antenna switching is not explicitly supported in Rel-15.  
Proposal 4: For non-codebook based UL transmission, when a UE is capable of transmitting with up to X SRS  resources simultaneously, the UE can be configured with more than X SRS resources if X<4.  
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