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In this contribution, we present our views on UL SRS remaining issues for NR positioning.
[bookmark: Pro2]UL SRS for positioning 
Aperiodic SRS for positioning configuration
In RAN1#99 meeting [1], it has been agreed that:
Agreement:
The maximum number of SRS resources per set for positioning is 16.
In RAN1#97 meeting [2], it has been agreed that:
Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15
The resource occupying of a SRS resource set may exceed the one or more slot boundaries based above agreements. The max slot number can be 16 (if SRS resource is 16). The Slot level periodicity and slot level offset are defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. But only the slot level offset is defined for an aperiodic SRS resource set according the TS38.214 [3] as below, that is, different SRS resources of an aperiodic SRS resource set shall transmit in one slot. 
	TS 38.214-g00
6.2.1 UE sounding procedure
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset.
< irrelevant  parts are omitted >
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
< irrelevant  parts are omitted >
-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s).
< irrelevant  parts are omitted >

-	-	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot  where 
-	k is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively;

-	 and the  for the {scheduling, scheduled} carrier pair is defined in [4, TS 38.211] clause 4.5. 



Obviously, the slot offset of set level leads the collision when the number of slots of SRS resource set exceeds one. So, the slot offset for an SRS resource should be defined to solve the above problem.
Proposal 1: 
· Add the parameter slot offset for an SRS resource when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic'.
Furthermore, there are two options for the slot offset for an SRS resource, as the following:
Option 1：the slot offset is defined as an offset in number of slots between the triggering DCI and the actual transmission of this aperiodic SRS Resource. 
Option 2:   the slot offset is defined as an offset in number of slots between the transmission of the triggered SRS resource set to which this SRS resource belong and the actual transmission of this SRS Resource. 
For option 1, the original slot offset for the triggered SRS resource set seems not needed if every SRS resource has a slot offset. That is, a slot offset for the triggered SRS resource set are replaced by one or more slot offsets for each SRS resource that belongs to this triggered SRS resource set. According to above analysis, the text proposal for option 1 is as below:
	TS 38.214-g00
6.2.1 UE sounding procedure
< Unchanged parts are omitted >
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset.
< Unchanged parts are omitted >

-	-	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits every aperiodic SRS resource in each of the triggered SRS resource set(s) in slot  where 
-	k is configured via higher layer parameter slotOffset for each aperiodic SRS resource in each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively;

-	 and the  for the {scheduling, scheduled} carrier pair is defined in [4, TS 38.211] clause 4.5. 
< Unchanged parts are omitted >


For option 2, there are two slot offsets for each SRS resource where one slot offset is defined for the triggered SRS resource set. That is, the UE transmission timing for each aperiodic SRS resource is the sum of two slot offsets. So, the text proposal for option 2 is as below:
	TS 38.214-g00
6.2.1 UE sounding procedure
< Unchanged parts are omitted >
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset. For an SRS-Resource configured with higher layer parameter resourceType set to 'aperiodic', a slot offset is defined by the higher layer parameter [slotOffset-ap]
< Unchanged parts are omitted >
-	-	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits every aperiodic SRS resource in each of the triggered SRS resource set(s) in slot  where 
-	k is configured via higher layer parameter slotOffset for each triggered SRS resources set and  is configured via higher layer parameter [slotOffset-ap] for each SRS resources within triggered SRS resources set and are based on the subcarrier spacing of the triggered SRS transmission，and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively;

-	 and the  for the {scheduling, scheduled} carrier pair is defined in [4, TS 38.211] clause 4.5. 
< Unchanged parts are omitted >


Comparing option 1 and option 2, we think the changes for option 1 is simpler.
Proposal 2: 
· Select option 1 and adopt the following text proposal into TS 38.214 for the slot offset for an aperiodic SRS resource.
	TS 38.214-g00
6.2.1 UE sounding procedure
< Unchanged parts are omitted >
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset.
< Unchanged parts are omitted >

-	-	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits every aperiodic SRS resource in each of the triggered SRS resource set(s) in slot  where 
-	k is configured via higher layer parameter slotOffset for each aperiodic SRS resource in each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively;

-	 and the  for the {scheduling, scheduled} carrier pair is defined in [4, TS 38.211] clause 4.5. 
< Unchanged parts are omitted >


text proposal for UE sounding procedure
Proposal 3: 
· Adopt the following text proposal into TS 38.214 for UE sounding procedure.
	TS 38.214-g00
6.2.1 UE sounding procedure
< Unchanged parts are omitted >
[bookmark: _Hlk32048167]The UE may be configured with one or more Sounding Reference Signal (SRS) resource set(s) as configured by the higher layer parameter SRS-ResourceSet.
< Unchanged parts are omitted >


The parameter level of a reference signal of spatialRelationInfo
The DL-PRS as a reference signal of spatialRelationInfo is captured in TS38.214 as below. 
	TS 38.214-g00
6.2.1 UE sounding procedure
-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS. When the SRS is configured by the higher layer parameter [SRS-for-positioning] and if the higher layer parameter spatialRelationInfo contains the ID of a reference ’DL-PRS-ResourceId’, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference DL PRS.


But the parameter level of a reference ’DL-PRS-ResourceId’ seems not equal to the level of 'ssb-Index', 'csi-RS-Index' and 'srs'. Furthermore, ’DL-PRS-ResourceId’ represents to the specific ID of a dl-PRS just like the relationship of NZP-CSI-RS-ResourceId and csi-RS-Index. This, in our opinion, may lead to ambiguity and confusion as it may be interpreted as there’s another ID for ’DL-PRS-ResourceId’.
Proposal 4: 
· Change to ‘DL-PRS-ResourceId’ to ‘[dl-PRS]’. 
Proposal 5: 
· Adopt the following text proposal into TS 38.214 for a reference ’[dl-PRS]’.
	TS 38.214-g00
6.2.1 UE sounding procedure
< Unchanged parts are omitted >
-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS. When the SRS is configured by the higher layer parameter [SRS-for-positioning] and if the higher layer parameter spatialRelationInfo contains the ID of a reference ’[dl-PRS]DL-PRS-ResourceId’, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference DL PRS.
< Unchanged parts are omitted >


the priorities rules for SRS
[bookmark: _Hlk32399227]In RAN1#99, it was agreed that 
Agreement:
[bookmark: _Hlk32155145]The SRS collision rules for Rel-15 are reused for Rel-16 for SRS for positioning
The SRS for positioning in Rel-16 reuses the same collision rules with R15 SRS based on the above agreement. The collision rules were specified as TS 38.214. And, there are the sentences also specified in TS38.214 as below to indicate that the priority of aperiodic SRS (including SRS-for-positioning) is higher than PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, and the priority of semi-persistent SRS-for-positioning is higher than the periodic SRS.
	TS 38.214-g00
6.2.1 UE sounding procedure
< irrelevant  parts are omitted >
For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only. 
< irrelevant  parts are omitted >
In case a SRS resource with resourceType set as 'aperiodic' is triggered on the OFDM symbol(s) configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS resource with resourceType set as 'semi-persistent' is triggered on the OFDM symbol(s) configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent SRS resource are transmitted.


In RAN1#99, it was also agreed that 
Agreement:
If the SRS for positioning collides with PUSCH, the SRS is dropped in the symbols where the collision occurs.
· Note: The phase continuity between transmitted symbols on either side of a transmission gap may not be maintained
The agreement is also captured in TS38.214 without any change as below. 
	TS 38.214-g00
6.2.1.4 UE sounding procedure for positioning purposes
If an SRS configured by the higher parameter [SRS-for-positioning] collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs. 


It means that the priority of SRS for positioning (including aperiodic SRS-for-positioning) is lower than a scheduled PUSCH. It can be inferred that the priority of PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only is lower than a scheduled PUSCH. But, are these priority rules really realistic and reasonable? We think it is worth to reconsider.
Proposal 6: 
· Reconsider the priorities rules for Rel-16 for aperiodic SRS for positioning.
 Proposal 7: 
· Adopt the following text proposal into TS 38.214 for the aperiodic SRS for positioning.
	TS 38.214-g00
6.2.1.4 UE sounding procedure for positioning purposes
< Unchanged parts are omitted >
If semi-persistent and periodic SRS configured by the higher parameter [SRS-for-positioning] collides with a scheduled PUSCH, the semi-persistent and periodic SRS is dropped in the symbols where the collision occurs. 
< Unchanged parts are omitted >


Conclusion
[bookmark: _GoBack]In this contribution, we discuss NR positioning with the following proposals:
Proposal 1: 
· Add the parameter slot offset for an SRS resource when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic'.
Proposal 2: 
· Select option 1 and adopt the following text proposal into TS 38.214 for the slot offset for an aperiodic SRS resource.
	TS 38.214-g00
6.2.1 UE sounding procedure
< Unchanged parts are omitted >
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset.
< Unchanged parts are omitted >

-	-	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits every aperiodic SRS resource in each of the triggered SRS resource set(s) in slot  where 
-	k is configured via higher layer parameter slotOffset for each aperiodic SRS resource in each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively;

-	 and the  for the {scheduling, scheduled} carrier pair is defined in [4, TS 38.211] clause 4.5. 
< Unchanged parts are omitted >


Proposal 3: 
· Adopt the following text proposal into TS 38.214 for UE sounding procedure.
	TS 38.214-g00
6.2.1 UE sounding procedure
< Unchanged parts are omitted >
The UE may be configured with one or more Sounding Reference Signal (SRS) resource set(s) as configured by the higher layer parameter SRS-ResourceSet.
< Unchanged parts are omitted >


Proposal 4: 
· Change to ‘DL-PRS-ResourceId’ to ‘[dl-PRS]’. 
Proposal 5: 
· Adopt the following text proposal into TS 38.214 for a reference ’[dl-PRS]’.
	TS 38.214-g00
6.2.1 UE sounding procedure
< Unchanged parts are omitted >
-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS. When the SRS is configured by the higher layer parameter [SRS-for-positioning] and if the higher layer parameter spatialRelationInfo contains the ID of a reference ’[dl-PRS]DL-PRS-ResourceId’, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference DL PRS.
< Unchanged parts are omitted >


Proposal 6: 
· Reconsider the priorities rules for Rel-16 for aperiodic SRS for positioning.
Proposal 7: 
· Adopt the following text proposal into TS 38.214 for the aperiodic SRS for positioning.
	TS 38.214-g00
6.2.1.4 UE sounding procedure for positioning purposes
< Unchanged parts are omitted >
If semi-persistent and periodic SRS configured by the higher parameter [SRS-for-positioning] collides with a scheduled PUSCH, the semi-persistent and periodic SRS is dropped in the symbols where the collision occurs. 
< Unchanged parts are omitted >
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