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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]A series of NR Rel-15 specifications has been approved which is under CR control. In this contribution we discuss some of the remaining issues and potential inconsistencies with previous RAN1 agreements on non-codebook based UL transmission. 
Discussion
SRS configurations for non-codebook based UL transmission
Based on the agreements in previous meetings, for non-codebook based UL transmission, a UE can only be configured with one SRS resource set, the maximum number of SRS resources that can be configured is 4. Besides, only one SRS port per SRS resource can be configured. In current specifications, for a given SRS resource, it can be configured with a time domain behavior of aperiodic, periodic, or semi-persistent. Accordingly, current specification allows a UE to be configured with multiple SRS resources with different time domain behavior. If two or more time domain behavior types for SRS resources are configured to the UE, the maximum number of SRS resources for a given time domain behavior type would be smaller than 4, which will limit the maximum layers of PUSCH transmission  to a value smaller than 4.  Therefore, allowing more than 4 SRS resources to be configured for a UE would be a more reasonable solution. 
Proposal 1: More than one SRS resource sets can be configured for non-codebook based UL transmission.
Proposal 2: The SRS resources in the same SRS resource set for non-codebook based UL transmission should be configured with the same time domain behavior of aperiodic, periodic, or semi-persistent.
SRI indication 
According to the meeting agreements in RAN1 #91 meeting, SRI is associated with the most recent SRS transmission for non-codebook based UL transmission.  However, if a UE can be configured with multiple SRS resource sets for non-codebook based UL transmission, it maybe not reasonable to pre-determine that SRI refers to the SRS resource set of the latest SRS transmission. For example, a UE is configured with a SRS resource set with two periodic SRS resources and a SRS resource set with two aperiodic SRS resources. In a given time window, if there are SRS transmissions corresponding to the two SRS resource sets, gNB determines SRI based on the SRS resource set with the aperiodic SRS resource and indicates SRI to UE by DCI. If before the SRI indication instant, a periodic SRS resource  is transmitted according to the configuration, SRI does not refer to the SRS resource set of the latest SRS transmission. Therefore, SRI refers to which SRS resource set should be predefined or indicated. Another solution is that SRI is used to indicating one SRS resource among the SRS resources of all SRS resource sets that configured for non-codebook based UL transmission.
Proposal 3: For non-codebook based UL transmission, SRI is corresponding to the SRS resource set of the latest highest priority SRS transmission within the time window of [n-n_offset, n), where SRI is transmitted in slot n, n_offset is a fixed positive integer.  Where the priority of SRS transmission is defined as follows:
· If the SRS transmissions within the time window are with the same time domain behavior type, all the SRS transmissions with the same preiority;
· If the SRS transmissions within the time window are with different time domain behavior types, the priority order from high to low is as follows: aperiodic SRS > semi-persistent SRS > periodic SRS.
Timing for aperiodic SRS resources trigger and SRS transmission
In RAN1 #90bis meeting, it was agreed that 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
In RAN1 #91 meeting, it was agreed that for the AP-SRS for non-codebook based UL transmission with associated AP-CSI-RS,
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
Our interpretation of the agreement is that the DCI field for AP-SRS triggering is reused to indicate the DL RS to calculate candidate precoders. The agreement does not mean that the AP-SRS triggering signalling can trigger AP CSI-RS transmission. It would be very complex for gNB and UE to determine the AP-SRS transmission instant if it is coupled with AP-CSI-RS transmission. In addition, the spatial QCL information for AP-CSI-RS is included in triggering state configuration of aperiodic CSI reporting. If the AP-CSI-RS is triggered by SRS triggering signalling, UE would have no reference to set Rx beam to receive the AP-CSI-RS. Therefore, we prefer to keep the timing of the transmission of AP-SRS resource with associated AP-CSI-RS independent of the transmission instant of the associated AP-CSI-RS. 
The following schemes for timing of AP-SRS trigger and AP SRS transmission can be considered: 
Alt. 1 The corresponding SRS transmission of a AP-SRS trigger is transmitted in the Kth slot after the AP-SRS trigger. i.e. if the AP-SRS trigger is transmitted in slot n, the corresponding SRS is transmitted in slot n+K.

Alt. 2 The corresponding SRS transmission of a AP-SRS trigger is transmitted in the first Kth UL slot after the AP-SRS trigger. i.e. if the AP-SRS trigger is transmitted in slot n, the corresponding SRS is transmitted in the first UL slot which satisfying n+k, . 
As Alt. 2 will complicate the scheduling procedure of gNB, Alt. 1 is better.
For the value of the timing offset K, the following solutions can be considered:
Option 1:  A fixed value;
Option 2:  The timing offset is indicated to UE by DCI;
Option 3: Each trigger state of SRS request is associated to a timing offset;
Option 4: Each SRS resource set is associated to a timing offset. 
Option 1 is the simplest way for SRS scheduling. Option 2 requires additional DCI field, which is not preferred. For option 3, if one trigger state is associated with multiple SRS resource sets, all the SRS transmissions for these resource sets would have the same timing offset. It is flexible for gNB to scheduling one or multiple SRS resource sets with a timing offset through different configuration of trigger state. For Option 4, the timing offset of one SRS resource set is fixed, UE is not allowed to be configured with one SRS resource set with different timing offset. Therefore, option 3 is preferred.

Proposal 4:  If a AP-SRS resource set is triggered in slot n, the corresponding SRS transmission should be commenced in slot , where the association between triggering state and K is higher layer configured.
Proposal 5:  For a UE configured with AP-SRS resource(s) with an associated AP-CSI-RS, the UE is expected to determine the precoder of the AP-SRS transmission based on the AP-CSI-RS received X symbols before the AP-SRS transmission. 
Conflict avoidance of SRS and PUSCH
A UE is not expected to be scheduled with SRS transmission and PUSCH transmission in the same symbol. However, as PUSCH is transmitted several symbols after a UE receives the UL grant DCI, and aperidic SRS can be triggered by UL grant DCI or DL grant DCI, as the example shown in Figure 1, it is possible that a UE receives the resource allocation that SRS and PUSCH are transmitted in the same slot. For such situation, the UE is not expected to transmit SRS and PUSCH in the same symbol(s). 


Figure 1 Example for SRS&PUSCH transmission
Proposal 6: If a UE is configured with both SRS and PUSCH transmitted in a symbol, UE is not expected to transmit SRS in the symbol.
Clarification on RRC parameters for associated CSI-RS resource
In current RRC parameters list, AperiodicSRS-ResourceTrigger contains trigger states for dynamically selecting one or more aperiodic SRS resource set and optionally associated CSI-RS resource.  SRS-AssocCSIRS contains ID of CSI-RS resource associated with SRS resource set in non-codebook based operation. Both parameters can indicate associated CSI-RS for an AP-SRS resource, this may lead to conflict in configuration. 
In RAN1 #91 meeting, the following agreement was achieved on associated CSI-RS for 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
According to the agreement, the associated CSI-RS resource ID for AP-SRS resource is indicated via the AP-SRS resource trigger state, while the associated CSI-RS resource ID for P/SP SRS resource is indicated via higher layer signaling. Therefore,  SRS-AssocCSIRS  should be restricted  for P/SP SRS resource/resource set. 
Proposal 7: Modify the description of SRS-AssocCSIRS to be: SRS-AssocCSIRS contains ID of CSI-RS resource associated with SRS resource set in non-codebook based operation for P/SP SRS resource/resource set.
Proposed corrections to specs
In TS38.214, the description on AP-SRS resource with associated CSI-RS resource for non-codebook based UL transmission is as follows:
	[bookmark: _Hlk498591525][bookmark: _Hlk498597149]-	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. 


According to the above description, the timing of AP-SRS resource trigger, associated CSI-RS transmission and AP-SRS transmission are fixed. However, there is no such agreement so far. The agreements are as follows (RAN1 #90bis):
· 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
Hence, we propose to delete the description for the timing of AP-SRS resource trigger, associated CSI-RS transmission and AP-SRS transmission. 
Proposal 8: Delete current description on the timing of AP-SRS resource trigger, associated CSI-RS transmission and AP-SRS transmission for non-codebook based UL transmission in TS38.214. 
-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------
[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 maximum 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, 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.

----------------------------------------------------------------END of TP------------------------------------------------------------------
Conclusions
In this contribution, we discussed some possible problems for non-codebook based UL transmission, including the SRS resource configuration, SRI indication, the timing of SRS transmission and the associated CSI-RS ID for SRS resources. We also provide some corrections of specifications for non-codebook based UL transmission. We propose that:
Proposal 1: More than one SRS resource sets can be configured for non-codebook based UL transmission.
Proposal 2: The SRS resources in the same SRS resource set for non-codebook based UL transmission should be configured with the same time domain behavior of aperiodic, periodic, or semi-persistent.
Proposal 3: For non-codebook based UL transmission, SRI is corresponding to the SRS resource set of the latest highest priority SRS transmission within the time window of [n-n_offset, n), where SRI is transmitted in slot n, n_offset is a fixed positive integer.  Where the priority of SRS transmission is defined as follows:
· If the SRS transmissions within the time window are with the same time domain behavior type, all the SRS transmissions with the same preiority;
· If the SRS transmissions within the time window are with different time domain behavior types, the priority order from high to low is as follows: aperiodic SRS > semi-persistent SRS > periodic SRS.

Proposal 4:  If a AP-SRS resource set is triggered in slot n, the corresponding SRS transmission should be commenced in slot , where the association between triggering state and K is higher layer configured.
Proposal 5:  For a UE configured with AP-SRS resource(s) with an associated AP-CSI-RS, the UE is expected to determine the precoder of the AP-SRS transmission based on the AP-CSI-RS received X symbols before the AP-SRS transmission. 
Proposal 6: If a UE is configured with both SRS and PUSCH transmitted in a symbol, UE is not expected to transmit SRS in the symbol.
Proposal 7: Modify the description of SRS-AssocCSIRS to be: SRS-AssocCSIRS contains ID of CSI-RS resource associated with SRS resource set in non-codebook based operation for P/SP SRS resource/resource set.
Proposal 8: Delete current description on the timing of AP-SRS resource trigger, associated CSI-RS transmission and AP-SRS transmission for non-codebook based UL transmission in TS38.214. 
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