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Introduction
In RAN1 #91, the following agreements were made:
Agreement #1:
Support to use RRC signaling to explicitly select between codebook based transmission and non-codebook based transmission 
· FFS on definition of UE capability for non-codebook based transmission PUCCH beam indication is introduced by RRC signalling

Agreement #2:
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 #3:
· SRI is associated with the most recent SRS transmission

Agreement #4:
For non-codebook based UL transmission, 
· The rank of UL transmission is derived from SRI field in UL DCI
· Encoding of the DMRS indicator is determined from the derived rank
· SRI field corresponds to a pre-determined combination of SRS resources, which are configured in the SRS resource set for non-CB-based UL
· The bit-width of SRI field in UL grant is ceiling(log2([image: cid:image011.png@01D36E87.F4C4B9D0])), where Lmax is maximum number of supported layers and N is the number of configured SRS resources in the set

Agreement #5:
· Support to use RRC signalling to explicitly differentiate between SRS resources sets for beam management and SRS resource set for codebook/non-codebook based UL transmission;
· For SRS resources sets for UL beam management, only one resource in each of multiple SRS sets can be transmitted at a given time instant 
· The SRS resources in different SRS resource sets can be transmitted simultaneously

Agreement #6:
· Maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4

Agreement #7:
· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. X is fixed for all UEs (FFS X values)

Working assumption #1: 
· The SRI field in UL grant is independently encoded from at least TPMI in the same UL grant.
· The bitwidth of SRI field in UL grant is determined by N = ceil(log2(# of SRS resources in the set)).

In this contribution we discuss corrections for non-codebook based UL transmission, including those addressing SRS - SRI ambiguity, the use of SRS-SpatialRelationInfo.  Text proposals are given to implement the corrections.
[bookmark: _Ref178064866]Discussion
SRS – SRI Ambiguity
According to Agreement #2 only one SRS resource set can be configured for non-codebook based UL transmission and according to Agreement #6 that SRS resource set can contain up to 4 SRS resources. Since the time domain behaviour (i.e periodic,semi-persistent, aperiodic) is defined per SRS resource level, it is possible to have one SRS resource set with two periodic SRS resources and two aperiodic SRS resource. This could be useful for example if we would like to infrequently measure e.g. inter-cell or MU-MIMO interference using periodic or semi-persistent SRS, while aperiodic could be used to get more accurate CSI when the UE is in a transmission burst. 
During email discussion [91-NR-05] after RAN1#91 [1], one potential problem related to Agreement #3, i.e. that the SRI is associated with the most recent SRS transmission, has been brought up. Assume the case where a UE is configured with non-codebook based UL transmission and some of the SRS resources in the SRS resource set have periodic time domain behavior and some of the SRS resources have aperiodic time domain behavior. Assume further that an aperiodic SRS is triggered right before a periodic SRS transmission and that a PUSCH scheduling message is transmitted right after these SRS transmissions, as illustrated in Figure 1. In this case it is not clear whether the UE should assume that the SRI included in the PUSCH scheduling refers to the aperiodic or periodic SRS transmission. It could, for example, be so that the TRP based the SRI on the aperiodic SRS transmission because the periodic SRS transmission came too late for the TRP to be able to process it before the PUSCH scheduling message were transmitted to the UE. 
However, we do not believe that this will be a problem. The reason is that Agreement #4 and Working assumption #1 indirectly says that the bitwidth of the SRI in a UL grant is based on the number of SRS resources in the set, which indicates that each SRS resource in an SRS resource set has a unique SRI state. If this is the case, it means that the SRI state for the SRS resource associated with the periodic SRS transmission differs from the SRI state for the SRS resources associated with the aperiodic SRS transmission, and hence there will be no confusion for the UE regarding which SRS transmission the SRI is referring to. 
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Figure 1
While we think the agreed behavior is reasonable, the current specification in 38.214 is somewhat ambiguous.  The specification says (in section 6.1.1.2) that:
[bookmark: _Hlk498597149]For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. 
[bookmark: _Hlk498591525]-	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, 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. 
-	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.
Here, the most recent SRS transmission in the highlighted text could be any SRS.  As we point out above, this should be the most recent SRS transmission of a given SRS resource indicated by the SRI.  Therefore, we propose the following change:
Observations:
· Aperiodic and periodic SRS are independently indexed by SRI, referring to the most recent SRS is unambiguous.
· However, 38.214 is ambiguous with respect to whether the most recent SRS is the most recently transmitted SRS or the most recently transmitted SRS identified by the SRI.

Proposal 1:
· Clarify that the most recent SRS is the most recent transmission of the SRS identified by SRI.

For 38.214 section 6.1.1.2:
>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>
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, where the SRS transmission happens [TBD] symbols after the SRS transmission request. A UE may receive the SRI which shall be is associated with the most recent SRS transmission of the SRS resource identified by the SRI. 
-	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.
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>>

Use of SRS-SpatialRelationInfo in Non-Codebook UL MIMO
A UE can be configured with SRS-SpatialRelationInfo such that it determines its uplink precoding based on a CSI-RS, as specified in 38.214 section 6.2.1:
-	if the UE is configured with the higher layer parameter SRS-SpatialRelationInfo set to 'SSB/PBCH', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the SSB/PBCH, if the higher layer parameter SRS-SpatialRelationInfo is set to 'CSI-RS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the periodic CSI-RS or of the semi-persistent CSI-RS, if the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the transmission of the periodic SRS. 
In non-codebook based operation, the UE can also be configured with NZP-CSI-RS-ResourceConfigID to identify an NZP CSI-RS that can be used to determine its uplink precoding, as discussed in 38.214 section 6.1.1.2 below.  Therefore, a UE must somehow use both SRS-SpatialRelationInfo and NZP-CSI-RS-ResourceConfigID in non-codebook based operation, or one of the two higher layer parameters should not be configured.  
In our understanding, SRS-SpatialRelationInfo targets use cases like analog beamforming where the UE receive and transmit antenna pattern should be the same.  However, non-codebook based operation is designed for advanced antenna techniques in the UE, and should be able to precode its transmission completely independently of the effective antenna pattern it uses for reception on its multiple receive chains.  While SRS-SpatialRelationInfo can also use SRS instead of DL RSs, this use in non-codebook based precoding implies that an SRS transmission is needed to determine the precoding used on an SRS for non-codebook based operation.  This could conflict with the use of a CSI-RS to determine the precoding in non-codebook based operation, and so does not seem to be a reasonable configuration. 
The text describing non-codebook based operation in 38.214 section 6.1.1.2 has the following
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.
While only one SRS resource set can be configured for use in non-codebook based operation, more than one SRS resource set can be configured.  Although the UE can only be configured for codebook or non-codebook based operation, SRS resources sets are associated with more than just codebook or non-codebook based operation.  
Finally, there are two minor typo in section 6.1.1.2.  The term ‘semi-periodic’ should be ‘semi-persistent’, and SRS resources, not SRS resource sets have periodicities.
Observations:
· Configuring SRS-SpatialRelationInfo in non-codebook based operation conflicts with the use of NZP-CSI-RS-ResourceConfigID in non-codebook based operation.
· SRS-SpatialRelationInfo requires the same transmit and receive spatial filters, while non-codebook based operation uses advanced precoding techniques for transmission that are independent of what is used for reception.
· More than one SRS resource set can be configured to a UE that uses non-codebook based UL transmission.
· There’s a minor typo in section 38.214, section 6.1.1.2: ‘semi-periodic’ should be ‘semi-persistent’.

Proposal 2:
· Do not configure a UE with both SRS-SpatialRelationInfo and SRS-AssocCSIRS for non-codebook based transmission.
· Clarify that only one SRS resource can have higher layer parameter srsSetUse set to ‘NonCodebook’.
· Fix the typo: ‘semi-periodic’ should be ‘semi-persistent’, and remove the word ‘set’ as described below.

For 38.214, section 6.1.1.2:
>>>>>>>>>>>> Start text proposal 2 >>>>>>>>>>>>
[bookmark: _Toc501048208]6.1.1.2	Non-Codebook based UL transmission
[bookmark: _Hlk494787623]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 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’, and that set can contain at most 4 SRS resources with only one SRS port in each resource. 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, 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. 
-	If periodic or semi-periodic persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.
A UE does not expect to be configured with SRS-AssocCSIRS and with SRS-SpatialRelationInfo for non-codebook based transmission.
>>>>>>>>>>>> End text proposal 2 >>>>>>>>>>>>>
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