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Introduction
The following agreement was made in RAN1#92 [1]:
Agreement:
For non-codebook based transmission, a UE can be configured with only one NZP CSI-RS resource for the SRS resource set.

Agreement (RRC parameter update):
For CSI acquisition, aperiodic CSI-RS triggering offset can be 0, 1, 2, 3, 4 slots.
· If all the associated trigger states do not contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero.

The current version of TS 38.214 specification (section 6.1.1.2) includes the following description [2]:
[bookmark: _Hlk498597149]…
[bookmark: _Hlk505622397]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. 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. 
-	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.
…
Given that only one CSI-RS resource can be configured and the corresponding CSI-RS can be received in the same slot as the aperiodic SRS request, the details of CSI-RS indication (via DCI) remain to be resolved. This contribution is intended to resolve this issue. Note that if this issue is not resolved, concurrent use of CSI-RS and SRS for non-codebook-based UL transmission remains incomplete as the specification is ambiguous.    

Relation between CSI-RS indication and SRS request 
With only one NZP CSI-RS resource configured for all the aperiodic SRS resources within an SRS resource set, any information pertaining to the CSI-RS resource (which is the NZP CSI-RS resource configuration ID) does not require any dynamic signaling. Therefore, the resource index should be configured via higher-layer signaling. For this purpose, the existing RRC parameters can be used. That is, the resource configuration ID (NZP-CSI-RS-ResourceConfigID) can be included in either AperiodicSRS-ResourceTrigger or SRS-AssocCSIRS, depending on the type of SRS the UE is configured with.

Proposal: When a UE is configured with one NZP CSI-RS resource for non-codebook-based UL transmission:
· The resource configuration ID is configured via higher-layer signaling:
· For AP-SRS: included in AperiodicSRS-ResourceTrigger
· For P/SP-SRS: included in SRS-AssocCSIRS

 The CSI-RS resource configuration ID can be associated with either periodic, semi-persistent, or aperiodic CSI-RS. Since this CSI-RS is used to measure the UL channel (feasible when DL-UL reciprocity holds) for SRS precoder calculation, at least one CSI-RS reception is needed before the UE transmits an SRS – preferably the latest CSI-RS reception to avoid outdated channel measurement. This allows the UE some time to measure the CSI-RS and calculate the precoder for SRS. 
When the UE is configured with P-CSI-RS or SP-CSI-RS for non-codebook-based UL transmission, the slot offset between the latest CSI-RS and SRS should be sufficiently large (42 OFDM symbols as described in the specification) to allow the UE to measure the CSI-RS and calculate the precoder for SRS. Otherwise, the UE is not expected to update it SRS precoder calculation. This holds for any SRS time-domain behavior (P, SP, or AP). Therefore, there is no additional specification effort needed for this particular case (i.e. the current version of TS 38.214 is sufficient).  
However, when the UE is configured with AP-CSI-RS and AP-SRS for non-codebook-based UL transmission, there are two issues which need more description in TS 38.214 to avoid ambiguities: 
· Issue 1: the location of AP-CSI-RS relative to the AP-SRS trigger/request  
· Issue 2: the indication of AP-CSI-RS presence 
· Note: The term “indication” is used for CSI-RS instead of “trigger” (used by several companies during discussion) since CSI-RS is transmitted by the gNB and received by the UE. Therefore, CSI-RS is not triggered as triggering refers to a transmission request from the gNB for the UE.  
For issue 1, the specification states that a UE may receive an AP-SRS request in the same slot as the reception of the CSI-RS. Therefore, in the context of AP-CSI-RS, the specification explicitly includes the support for receiving CSI-RS in the same slot as the AP-SRS trigger/request. The specification does not however include any support for receiving AP-CSI-RS in a later slot (earlier slots are ruled out since it would require the UE to buffer previously received CSI-RS, if at all present).   

Observation: The specification (TS 38.214) already includes the support for receiving AP-CSI-RS in the same slot as the AP-SRS trigger/request. The reception of AP-CSI-RS in a later slot is not supported. 


It was mentioned in RAN1#92 that due to an agreement on the support non-zero AP-CSI-RS triggering offset (relative to the A-CSI trigger) when at least one trigger state includes QCL Type D, it is also possible to receive AP-CSI-RS in a later slot than the AP-SRS trigger. However, not only does this additional feature complicate the use of CSI-RS for non-codebook-based UL transmission (e.g. requiring the use of CSI framework components such as CSI Resource Setting with ‘No Report’), but it is not technically motivated. The only reason for supporting a non-zero triggering offset is to accommodate higher frequency scenarios (FR2) wherein the beam used for PDCCH (which contains the DL-related DCI associated with the A-CSI trigger state) is different from PDSCH. Since there is no need for A-CSI trigger state and only one CSI-RS resource is used (hence including AP-CSI-RS information in the DCI is not necessary), the above scenario is irrelevant for non-codebook-based UL transmission. Therefore, it is quite apparent that the support for receiving AP-CSI-RS in a later slot than the AP-SRS request is unnecessary and can be perceived as optimization (of “flexibility”) at best.         

Observation: The support for AP-CSI-RS located in a later slot than the AP-SRS trigger/request both complicates specification and offers no benefit. 


Proposal: Confirm that when the UE is configured with AP-SRS and AP-CSI-RS for non-codebook-based UL transmission, AP-CSI-RS is located in the same slot as the AP-SRS trigger/request.
· No support for AP-CSI-RS located in a later slot than the AP-SRS trigger/request.

[bookmark: _GoBack]As mentioned above, since there is only one NZP CSI-RS resource configured for aiding the UE to calculate the precoder for SRS and the associated AP-CSI-RS is collocated in the same slot as the AP-CSI-RS, it follows that there is no need for any DCI field for AP-CSI-RS indication. For a given slot, the UE implies the presence of AP-CSI-RS from the presence of AP-SRS request (when an AP-SRS resource is triggered). Therefore, the presence of AP-CSI-RS is indicated via the SRS request field in the DCI.
In fact, the reception of AP-CSI-RS in the same slot as the AP-SRS triggers, coupled with joint signaling of AP-SRS trigger and AP-CSI-RS information (Alt1 in Figure 1), offers at least the following advantages over the other alternative (Alt2 in Figure 1 where AP-SRS trigger and AP-CSI-RS indication are separately signaled, and AP-CSI-RS can be transmitted with a non-zero timing offset from the AP-CSI-RS indication).
1. More efficient use of PDCCH resource: Recall that for A-CSI reporting, AP-CSI-RS information is jointly signaled to the UE with the A-CSI trigger. Therefore, no additional PDCCH resource is used since the same DCI (and in fact DCI field) is used for both AP-CSI-RS and A-CSI request. Evidently, jointly signaling of AP-SRS trigger and AP-CSI-RS information is analogous to this operation. Unlike separating AP-CSI-RS indication from AP-SRS trigger where two PDCCH resource usages are needed, the joint signaling approach requires only one PDCCH resource usage.   
2. Reduced PDCCH decoding: As an implication of the previous point, increased usage of PDCCH may also lead to some overall increase in PDCCH decoding which further leads to some increase in UE power consumption. From this standpoint, joint signaling of AP-SRS trigger and AP-CSI-RS information is not only the simplest but also the most beneficial from UE complexity perspective.   
3. Less imposing UE latency budget for SRS processing and SRS transmission delay: Assuming that the UE receives an AP-SRS trigger in slot n, the UE is expected to transmit the SRS in slot n + D where D is not less than 42 OFDM symbols. If AP-CSI-RS is received in slot n, the UE is given D slots to transmit the requested SRS which includes the calculation of SRS precoder. However, if AP-CSI-RS is received in a later slot (e.g. slot n + K), the latency budget is reduced to (D – K) if D is to be kept the same. Conversely, if the UE latency budget for SRS processing is kept the same, D must be increased which leads to some increase in SRS transmission delay.  




[bookmark: _Ref511556941]Figure 1
As evident from the above analysis and the illustration in Figure 1, Alt1 is the simplest and the best performing solution. Alt2 is at best perceived as a “flexibility optimization” in utilizing CSI-RS for non-codebook-based UL transmission. Unfortunately, this flexibility offers no performance benefit and results in higher operational complexity on top of Alt1 (which is currently supported in the specification). 
  
Observation: The reception of AP-CSI-RS in the same slot as the AP-SRS triggers –coupled with joint signaling of AP-SRS trigger and AP-CSI-RS information –results in more efficient use of PDCCH resource, reduced UE computational complexity, and superior UE latency budget for SRS processing. 

Based on the above observation, the following proposal follows.

Proposal: For a given slot, the presence of AP-CSI-RS is (implicitly) indicated via the SRS request field in the DCI.

   
Conclusion 
To resolve the TBD items on concurrent use of CSI-RS and SRS for UL non-codebook based transmission (cf. section 6.1.1.2), the following observation and proposal are made.

Observation
· The specification (TS 38.214) already includes the support for receiving AP-CSI-RS in the same slot as the AP-SRS trigger/request. The reception of AP-CSI-RS in a later slot is not supported.
· The support for AP-CSI-RS located in a later slot than the AP-SRS trigger/request both complicates specification and offers no benefit. 
· The reception of AP-CSI-RS in the same slot as the AP-SRS triggers –coupled with joint signaling of AP-SRS trigger and AP-CSI-RS information –results in more efficient use of PDCCH resource, reduced UE computational complexity, and superior UE latency budget for SRS processing. 

Proposal
· When a UE is configured with one NZP CSI-RS resource for non-codebook-based UL transmission:
· The resource configuration ID is configured via higher-layer signaling:
· For AP-SRS: included in AperiodicSRS-ResourceTrigger
· For P/SP-SRS: included in SRS-AssocCSIRS
· Confirm that when the UE is configured with AP-SRS and AP-CSI-RS for non-codebook-based UL transmission, AP-CSI-RS is located in the same slot as the AP-SRS trigger/request.
· No support for AP-CSI-RS located in a later slot than the AP-SRS trigger/request.
· For a given slot, the presence of AP-CSI-RS is (implicitly) indicated via the SRS request field in the DCI.


Text proposal for TS38.214

[bookmark: _Toc501048208]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. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set.
[bookmark: _Hlk498591525]-     If aperiodic SRS resource is configured, the presence of the associated [CSI-RS information in the same slot TBD] for UL channel measurement is indicated via SRS request field in 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 receives the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL AP-CSI-RS resource where the SRS transmission happens in the earliest symbols after 42 symbols from the associated AP-CSI-RS transmission. 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. 
-     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.
…
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