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1 Introduction

In last meeting, further progress has been achieved to refine UL non-codebook transmission [1]: 
Agreement
The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DMRS ports(s) in the DCI format 0_1 increasing order.
Agreement:
A UE should not be expected to be configured with both SRS-SpatialRelationInfo for SRS resource and SRS-AssocCSIRS for SRS resource set for non-codebook based transmission.
Agreement:
For non-codebook based transmission, a UE can be configured with only one NZP CSI-RS resource for the SRS resource set.
Agreement:
The minimum SRS resource for non-codebook based transmission is one for DCI format 0_1.
Agreement:
For non-codebook based uplink transmission, support the same time domain behavior at SRS resource set level as that of the codebook based uplink transmission case
Meanwhile, there are still some remaining issues need to be addressed to finalize UL non-codebook based transmission. In this contribution, we discuss the remaining issues and raise the text proposal to fix it.
2 Jointly trigger AP-SRS and the associated AP-CSI-RS transmission
Agreement:
· 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
· 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
The above agreement clearly stated that SRS request field in DCI for triggering AP-SRS can simultaneously be used to indicate the AP-CSI-RS transmission which is associated with the SRS resource set for ‘Non-codebook’. In our understanding, it implies that SRS request field is used to jointly trigger SRS and its associated CSI-RS. But in last meeting, many companies have different interpretation on it. So we think it is necessary to provide the following discussion to further clarify the understanding on this agreement.
Firstly, it has been agreed that the calculation of the precoder for SRS must dependent on the associated CSI-RS. When the AP-SRS is triggered to derive its precoder based on an AP-CSI-RS, a fast channel measurement on CSI-RS and an immediate update of the SRS’s precoder is expected. Thus, the transmission of CSI-RS and SRS should be closely coupled. Using two separate DCIs cannot ensure the association relationship of CSI-RS and SRS transmission and will incur ambiguity if which two of all DCIs are associated is not defined. On the other hand, it leads to a significant waste of signaling overhead as joint triggering with a single DCI can easily achieve the triggering of two RSs with reduced signaling.

Observation 1: Using two DCIs to separately trigger CSI-RS and SRS incurs ambiguity of the association between CSI-RS and SRS and it also leads to a waste of signaling overhead.

Secondly, in NR, aperiodic SRS triggering can be supported in DCI format 0_1, format 1_1 and format 2_3 which incorporate UL grant , DL grant and group based DCI to provide sufficient flexibility. The aperiodic SRS triggering for non-codebook based transmission should have the same flexibility as SRS for other purpose and thus it should be supported by all these DCI formats. But if SRS transmission is triggered by format 1_1 and format 2_3, these two DCI formats cannot support AP-CSI-RS triggering field. It means using a single DCI to trigger both the CSI-RS and SRS for these two formats is impossible. Thus, in order to enable all these DCI formats to support aperiodic SRS triggering for non-codebook transmission, joint triggering of SRS and the associated CSI-RS by SRS request is necessary.
Observation 2: Joint triggering of SRS and the associated CSI-RS by SRS request is necessary to enable DCI format 0_1, format 1_1 and format 2_3 to support aperiodic SRS triggering for non-codebook transmission. 
Based on the above discussion, we have the following proposal:

Proposal 1: Support joint triggering of SRS and the associated CSI-RS by SRS request field. 

It has been agreed that only AP-CSI-RS can be transmitted in the same slot as the DCI containing SRS request field. And it is not reasonable to have the same restriction on P-CSI-RS and SP-CSI-RS transmission. But in the current description of the spec, it restricts all types of CSI-RS in the same slot as the DCI containing SRS. Therefore, we have the following proposal to further clarify it
Proposal 2: Clarify that associated AP-CSI-RS is transmitted in the same slot as the DCI containing SRS request field. 

The related text proposal for TS 38.214 is attached in the appendix.
3 Clarify the RRC configuration on association between SRS and CSI-RS
In current 38.331, only one SRS triggering state can be configured to a SRS resource set. In this case, unnecessary restriction is added for triggering the AP-SRS resource set. For example, gNB cannot dynamically determine to trigger the SRS resource set for non-codebook with different SRS resource sets for beam management considering that more than one SRS resource set can be configured for beam management. So we propose that:
Proposal 3: Clarify that more than one SRS triggering state can be configured for one SRS resource set.
Based on the above proposals, following text proposal is attached:
----Text Proposal for TS38.331------------------------------------------------------------------------------------------
SRS-Config

< Unchanged parts are omitted >
SRS-Config information element
< Unchanged parts are omitted >
SRS-ResourceSet ::= 




SEQUENCE {


-- The ID of this resource set. It is unique in the context of the BWP in which the parent SRS-Config is defined.


srs-ResourceSetId





SRS-ResourceSetId,


-- The IDs of the SRS-Reosurces used in this SRS-ResourceSet


srs-ResourceIdList





SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId

OPTIONAL,
-- Cond Setup


resourceType






CHOICE {



aperiodic







SEQUENCE {




-- The DCI "code point" upon which the UE shall transmit SRS according to this SRS resource set configuration.




-- Corresponds to L1 parameter 'AperiodicSRS-ResourceTrigger' (see 38.214, section 6.1.1.2)



aperiodicSRS-ResourceTrigger


SEQUENCE (SIZE(1.. maxNrofSRS-TriggerStates)) {

INTEGER (0..maxNrofSRS-TriggerStates-1),




-- ID of CSI-RS resource associated with this SRS resource set. (see 38.214, section 6.1.1.2)
},
csi-RS








NZP-CSI-RS-ResourceId,



-- An offset in number of slots between the triggering DCI and the actual transmission of this SRS-ResourceSet.




-- If the field is absent the UE applies no offset (value 0)



slotOffset







INTEGER (1..8)












OPTIONAL,
-- Need S




...



},



semi-persistent






SEQUENCE {




-- ID of CSI-RS resource associated with this SRS resource set in non-codebook based operation.




-- Corresponds to L1 parameter 'SRS-AssocCSIRS' (see 38.214, section 6.2.1)




associatedCSI-RS

NZP-CSI-RS-ResourceId














OPTIONAL, -- Cond nonCodebook




...



},



periodic







SEQUENCE {




-- ID of CSI-RS resource associated with this SRS resource set in non-codebook based operation.




-- Corresponds to L1 parameter 'SRS-AssocCSIRS' (see 38.214, section 6.2.1)




associatedCSI-RS

NZP-CSI-RS-ResourceId














OPTIONAL, -- Cond nonCodebook




...



}


},

< Unchanged parts are omitted >

...

}

----Text Proposal ends----------------------------------------------------------------------------------------------------

4 Clarify RRC parameter SRS-SpatialRelationInfo and SRS-AssocCSIRS
Agreement:
· A UE should not be expected to be configured with both SRS-SpatialRelationInfo for SRS resource and SRS-AssocCSIRS for SRS resource set for non-codebook based transmission.

The current spec avoids configuring both SRS-SpatialRelationInfo and SRS-AssocCSIRS for non-codebook based transmission. Based on the agreement, one way to configure SRS is only configuring SRS-SpatialRelationInfo, which means that SRS-AssocCSIRS cannot be configured. In our view, it is an incorrect SRS configuration since UE cannot derive the precoders for SRS transmission based on an indicated CSI-RS resource considering that the function of RRC parameter SRS-SpatialRelationInfo is to indicate the spatial filter used for SRS transmission. It is not the case aligned with current spec. In this case, the spatial relation information of SRS resource set can follow that indicated for the associated CSI-RS resource. So we propose that:
Proposal 4: Support that UE is not expected to be configured with SRS-SpatialRelationInfo for non-codebook based transmission.
5 Correction on the timing of SRS transmission
Agreement:
· 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

Agreement:
· 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
Agreement:

· The slot offset with respect to DCI that triggers an SRS resource set is higher layer configured in a per SRS resource set

· FFS: Details on the support for aperiodic SRS for 1T4R

It has been agreed that the AP-SRS transmission instance for non-codebook based transmission shall be determined by CSI-RS transmission instance. However, it is still missing in the current spec. considering that 42 symbols are reserved for UE to calculate the candidate precoders based on the CSI-RS, AP-SRS transmission shall happen 42 symbols after the associated CSI-RS transmission to make sure the precoders can always be updated. There are two options to capture it in the spec: 
· Option-1: AP-SRS transmission happens exactly 42 symbols after the AP-CSI-RS; 
· Option-2: AP-SRS transmission happens in the most recent available symbols after 42 symbols from the AP-CSI-RS transmission;

Compared with option-1, option-2 adds “the most recent available symbols” to make sure that there is available physical resources for the AP-SRS transmission. That can provide flexibility for gNB to trigger the CSI-RS and the SRS transmission, so option-2 is preferred. 
Note that if AP-SRS is associated with P/SP-CSI-RS, AP-SRS transmission can follow the slot offset configured in SRS resource set by higher layer.
Based on the discussion, we have the text proposal for TS 38.214 attached in the appendix.
6 Correction on SRI indication

R1-1715235 was agreed in RAN1#90 meeting,

· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signalled SRI(s) can be simultaneously conducted by the UE.

Agreement:
· 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
Based on current agreement, if UE reports that X is 2 and gNB configures 4 SRS resources for the SRS resource set for non-codebook, gNB shall configure different symbols for those SRS resources. For example, SRS resource#0 and #1 are configured on symbol#10, and SRS resource #2 and #3 are configured on symbol#12, or SRS resource#0 and #1 are configured on consecutive two symbols and SRS resource#2 and #3 are configured on another consecutive two symbols. Between the two part of SRS resources (#0, #1 and #2, #3), there can be a guard period for the UE switch from one pair of precoders to another.  Certain SRI indication shall be avoided which is associated with SRS resources isolated by the guard period. For instance, indicating SRS resource #0 and #2 is invalid as it is unsure whether the UE can perform corresponding precoders for PUSCH. The detailed description of this issue is in our companion contribution [2]. 
Thus the agreement should be captured with more clear description as the following text proposal:
----Text Proposal for TS38.214------------------------------------------------------------------------------------------
< Unchanged parts are omitted >
6.1.1.2
Non-Codebook based UL transmission
< Unchanged parts are omitted >
For non-codebook based UL transmission, a UE can be scheduled with DCI format 0_1 when at least one SRS resource is configured. If the number of SRS resources configured is greater than the number of simultaneous SRS transmission for non-codebook reported in UE capability, the UE shall not be expected that indicated SRI field is associated with any two SRS resources having a time gap more than or equal to the minimum guard period defined in Table 6.2.1.2-1.
< Unchanged parts are omitted >
----Text Proposal ends----------------------------------------------------------------------------------------------------
7 Summary of proposals
 The observations and proposals made in this paper are summarized as follows:
Observation 1: Using two DCIs to separately trigger CSI-RS and SRS incurs ambiguity of the association between CSI-RS and SRS and it also leads to a waste of signaling overhead.

Observation 2: Joint triggering of SRS and the associated CSI-RS by SRS request is necessary to enable DCI format 0_1, format 1_1 and format 2_3 to support aperiodic SRS triggering for non-codebook transmission. 
Proposal 1: Support joint triggering of SRS and the associated CSI-RS by SRS request field. 

Proposal 2: Clarify that associated AP-CSI-RS is transmitted in the same slot as the DCI containing SRS request field. 

Proposal 3: Clarify that more than one SRS triggering state can be configured for one SRS resource set.
Proposal 4: Support that UE is not expected to be configured with SRS-SpatialRelationInfo for non-codebook based transmission.
Appendix

----Text Proposal for TS38.214------------------------------------------------------------------------------------------
6.1.1.2
Non-Codebook based UL transmission

< Unchanged parts are 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. 
-
If aperiodic SRS resource is configured, the presence of associated CSI-RS 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 shall receive 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 most recent available symbols after 42 symbols from the 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.
< Unchanged parts are omitted >
----Text Proposal ends----------------------------------------------------------------------------------------------------
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