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Based on previous agreements, this contribution provides our remaining views on the RTT-based propagation delay compensation.

Spatial relation of SRS
In the RAN1#107bis-e meeting, the following WA was reached.
	Working Assumption
Alt.1: Add new “spatialRelationInfo-PDC-r17” field to SRS-Resource to indicate the spatial relation between a reference RS and the target SRS, with spatialRelationInfo-PDC-r17 as below: 
spatialRelationInfo-PDC-r17 ::=     SEQUENCE {
    referenceSignal                     CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId,
dl-PRS-PDC                          nr-DL-PRS-ResourceID-r16
        srs                                 SEQUENCE {
            resourceId                          SRS-ResourceId,
            uplinkBWP                           BWP-Id
        }
    }
}
Note: RAN1 does not pursue further optimization for SRS configuration with legacy usage and meanwhile with PRS as spatial relation source.



Based on this WA, PRS and SRS can be spatially related if both the PRS and the SRS are used for PDC purpose. According to the specification 38.213 as copied below, a PUCCH can be spatially related to SRS also.  

	Copied from 38.213
A spatial setting for a PUCCH transmission by a UE is provided by
-	an indicated TCI-State_r17, if provided, as described in [6, TS 38.214];
-	PUCCH-SpatialRelationInfo if the UE is configured with a single value for pucch-SpatialRelationInfoId; 
-	as described in [11, TS 38.321], if the UE is provided multiple values for PUCCH-SpatialRelationInfo. The UE applies corresponding actions in [11, TS 38.321] and a corresponding setting for a spatial domain filter to transmit PUCCH in the first slot that is after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information with ACK value corresponding to a PDSCH reception providing the PUCCH-SpatialRelationInfo, each slot consists of  symbols as defined in [4, TS 38.211], and  is the SCS configuration for the PUCCH
-	If PUCCH-SpatialRelationInfo or the indicated TCI-State_r17 provides ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index for a same serving cell or, if servingCellId is provided, for a serving cell indicated by servingCellId 
-	else if PUCCH-SpatialRelationInfo or the indicated TCI-State_r17 provides csi-RS-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a CSI-RS with resource index provided by csi-RS-Index for a same serving cell or, if servingCellId is provided, for a serving cell indicated by servingCellId
-	else PUCCH-SpatialRelationInfo or the indicated TCI-State_r17 provides srs, the UE transmits the PUCCH using a same spatial domain filter as for a transmission of a SRS with resource index provided by resource for a same serving cell and/or active UL BWP or, if servingCellId and/or uplinkBWP are provided, for a serving cell indicated by servingCellId and/or for an UL BWP indicated by uplinkBWP



Furthermore, PUSCH can also be spatial related to PUCCH/SRS according to the current specification. Since we didn’t discuss yet before, RAN1 needs to clarify whether PUCCH/PUSCH can be spatial related to PDC PRS if this WA is confirmed.

Proposal 1: RAN1 shall clarify whether PUCCH/PUSCH can be spatial related to PDC PRS if the WA on spatial relation for SRS for PDC is confirmed.

The current spec only captures that the same spatial domain transmission filter should be used for target SRS and the SSB/SRS/CSI-RS indicated by spatialRelationInfo. Thus, some spec change on the PDC PRS may be needed if this WA is confirmed.

	Copied from 38.214

[bookmark: _Hlk497223612][bookmark: _Hlk512515572]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 'periodic':
[bookmark: _Hlk512513074]-	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. 
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 'semi-persistent':
……
-	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 contains 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 or of the reference semi-persistent SRS.
If the UE has an active semi-persistent SRS resource configuration and has not received a deactivation command, the semi-persistent SRS configuration is considered to be active in the UL BWP which is active, otherwise it is considered suspended.
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':
……
-	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, or of the latest reference aperiodic CSI-RS. If the higher layer parameter spatialRelationInfo contains 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 or of the reference semi-persistent SRS or of the reference aperiodic SRS.



In Rel-15 for non-codebook based transmission, the spatialRelationInfo and associatedCSI-RS cannot be configured simultaneously as shown below in the excerpt of TS 38.214. The same restriction may also be applied to spatialRelationInfo-PDC-r17 if this WA is confirmed.

	Copied from 38.214


The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s) given by DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3, where the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as . 
The DM-RS antenna ports [image: ] in Clause 6.4.1.1.3 of [4, TS 38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Clause 7.3.1.1.2 of [5, TS 38.212].
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-ResourceSet for SRS resource set.
For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 or 0_2 when at least one SRS resource is configured in SRS-ResourceSet with usage set to 'nonCodebook'.



The MAC CE shown below can be used to indicate that SRS is spatial related with CSI-RS, SSB or another SRS. Therefore, if this WA is confirmed, then a clarification may be needed for the impact to this MAC CE. 

	Copied from 38.321
[bookmark: _Toc46490437][bookmark: _Toc52752132][bookmark: _Toc52796594][bookmark: _Toc90287306]6.1.3.29	Serving Cell Set based SRS Spatial Relation Indication MAC CE
The Serving Cell Set based SRS Spatial Relation indication MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size and consists of the following fields:
-	SRS Resource's Cell ID: This field indicates the identity of the Serving Cell, which contains the indicated SP/AP SRS Resource. If the C field is set to 0, this field also indicates the identity of the Serving Cell which contains all resources indicated by the Resource IDi fields. The length of the field is 5 bits. The indicated Serving Cell is configured as part of a simultaneousSpatial-UpdatedList1 or simultaneousSpatial-UpdatedList2 as specified in TS 38.331 [5], and this MAC CE applies to all the Serving Cells configured in the set simultaneousSpatial-UpdatedList1 or simultaneousSpatial-UpdatedList2, respectively;
-	SRS Resource's BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains the indicated AP/SP SRS Resource. If the C field is set to 0, this field also indicates the identity of the BWP which contains all resources indicated by the Resource IDi fields. The length of the field is 2 bits;
-	C: This field indicates whether the octets containing Resource Serving Cell ID field(s) and Resource BWP ID field(s) are present. If this field is set to 1, the Resource Serving Cell ID field(s) and Resource BWP ID field(s) are present, otherwise they are not present so MAC entity shall ignore Resource Serving Cell ID field(s) and Resource BWP ID field(s);
-	SRS Resource IDi: This field indicates the SP/AP SRS Resource ID identified by SRS-ResourceId as specified in TS 38.331 [5]. The length of the field is 6 bits;
-	Fi: This field indicates the type of a resource used as a spatial relationship for SRS resource indicated with SRS Resource IDi field. F0 refers to the first SRS resource which is indicated SRS Resource ID1, F1 to the second one and so on. The field is set to 1 to indicate NZP CSI-RS resource index is used, and it is set to 0 to indicate either SSB index or SRS resource index is used. The length of the field is 1 bit;
-	Resource Serving Cell IDi: This field indicates the identity of the Serving Cell on which the resource used for spatial relationship derivation for SRS Resource IDi is located. The length of the field is 5 bits;
-	Resource BWP IDi: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], on which the resource used for spatial relationship derivation for SRS Resource IDi is located. The length of the field is 2 bits;
-	Resource IDi: This field contains an identifier of the resource used for spatial relationship derivation for SRS resource i. Resource ID0 refers to the first SRS resource which is indicated SRS Resource ID0, Resource ID1 to the second one and so on. If Fi is set to 0, the first bit of this field is always set to 0. If Fi is set to 0, and the second bit of this field is set to 1, the remainder of this field contains SSB-Index as specified in TS 38.331 [5]. If Fi is set to 0, and the second bit of this field is set to 0, the remainder of this field contains SRS-ResourceId as specified in TS 38.331 [5]. The length of the field is 8 bits.
-	R: Reserved bit, set to 0.


Figure 6.1.3.29-1: Serving Cell set based SRS Spatial Relation Indication MAC CE



Potential UE capability impact
In Rel-16 positioning, the spatial relation between positioning SRS and positioning PRS is optional. And it is reported per band and only apply to FR2 only. If this WA is confirmed, then the spatial relation between SRS and PDC PRS should still be optional, which means a new FG might need to be introduced. 

	Copied from 38.306

	spatialRelationsSRS-Pos-r16
Indicates whether the UE supports spatial relations for SRS for positioning. The capability signalling comprises the following parameters.
-	spatialRelation-SRS-PosBasedOnSSB-Serving-r16 indicates whether the UE supports spatial relation for SRS for positioning based on SSB from the serving cell in the same band. The UE can include this field only if the UE supports srs-PosResources-r16. Otherwise, the UE does not include this field;
-	spatialRelation-SRS-PosBasedOnCSI-RS-Serving-r16 indicates whether the UE supports spatial relation for SRS for positioning based on CSI-RS from the serving cell in the same band. The UE can include this field only if the UE supports spatialRelation-SRS-PosBasedOnSSB-Serving-r16. Otherwise, the UE does not include this field;
-	spatialRelation-SRS-PosBasedOnPRS-Serving-r16 indicates whether the UE supports spatial relation for SRS for positioning based on PRS from the serving cell in the same band. The UE can include this field only if the UE supports any of DL PRS Resources for DL AoD, DL PRS Resources for DL-TDOA or DL PRS Resources for Multi-RTT defined in TS37.355 [22], or srs-PosResources-r16. Otherwise, the UE does not include this field;
-	spatialRelation-SRS-PosBasedOnSRS-r16 indicates whether the UE supports spatial relation for SRS for positioning based on SRS in the same band. The UE can include this field only if the UE supports srs-PosResources-r16. Otherwise, the UE does not include this field;
-	spatialRelation-SRS-PosBasedOnSSB-Neigh-r16 indicates whether the UE supports spatial relation for SRS for positioning based on SSB from the neighbouring cell in the same band. The UE can include this field only if the UE supports spatialRelation-SRS-PosBasedOnSSB-Serving-r16. Otherwise, the UE does not include this field;
-	spatialRelation-SRS-PosBasedOnPRS-Neigh-r16 indicates whether the UE supports spatial relation for SRS for positioning based on PRS from the neighbouring cell in the same band. The UE can include this field only if the UE supports spatialRelation-SRS-PosBasedOnPRS-Serving-r16. Otherwise, the UE does not include this field;
NOTE:	A PRS from a PRS-only TP is treated as PRS from a non-serving cell.

	Band
	No
	N/A
	FR2 only







Measurement gap
As shown in the conclusion below, in the RAN1#107bis-e meeting, it was agreed that a measurement gap is not mandatory to process PRS for a PDC UE.

	Conclusion 
Measurement gaps should not be mandatory for a UE to process PRS for PDC purposes.



If the measurement gap is not configured or the PDC PRS is outside the measurement gap, one remaining issue is the overlap between PDC PRS and other DL signals/channels [1]. In Rel-17 positioning, if the DL PRS priority is higher than other DL signals/channels, the UE is expected to only measure the DL PRS; otherwise, the UE is not expected to measure the DL PRS and expected to receive other DL signals/channels, subject to UE capabilities. This is because a Rel-17 positioning UE needs to receive PRS from neighbor cells for positioning purposes, and therefore the UE cannot simultaneously receive DL signals/channels from the current cell. But for PRS-based PDC it is different, the UE only needs to measure PRS from the current serving cell, there is no need to measure from neighbor cell(s). So, the DL signals/channels e.g. PDCCH/PDSCH can be received and the Rel-17 positioning procedure should not be reused for RTT-based PDC.

The excerpt from TS 38.214 below shows the situation for positioning, i.e. that no other signals or channels are received on symbols overlapping with DL PRS.

	Copied from TS38.214 h00
The UE is expected to measure the DL PRS outside the measurement gap, subject to UE capability, if the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP and is within the DL PRS processing window indicated by higher layer parameter [PRSProcessingWindow]. For receiving the DL PRS outside the measurement gap and within the DL PRS processing window, if the UE determines the DL PRS priority is higher than [other DL signals or channels except SSB] as indicated by higher layer parameter [PRS-priority-indicator] or as implied by UE capability, the UE is expected to measure the DL PRS; otherwise, the UE is not expected to measure the DL PRS and expected to receive [other DL signals and channels], subject to UE capabilities. 
When the UE is expected to measure the DL PRS outside the measurement gap if it is supporting [capability 1A] and if the DL PRS is determined to be higher priority than the DL signals and channels inside the PRS processing window, those DL signals and channels are not expected to be measured by the UE. When the UE is expected to measure the DL PRS outside the measurement gap if it is supporting [capability 1B] and if the DL PRS is determined to be higher priority than the DL signals and channels inside the PRS processing window, those DL signals and channels in the same band as the DL PRS are not expected to be measured by the UE. When the UE is expected to measure the DL PRS outside the measurement gap if it is supporting [capability 2] and if the DL PRS is determined to be higher priority than the DL signals and channels inside the PRS processing window, those DL signals and channels are not expected to be measured by the UE on the overlapped symbols with the DL PRS.



Observation 1: A Rel-17 positioning UE cannot receive PRS and other DL signals/channels (e.g. PDCCH and PDSCH) simultaneously since the UE has to measure PRS from neighbor cell(s). But for PRS-based PDC, the UE only needs to measure PRS from the serving cell, there is no need for measurement from neighbor cell.

For TRS-based PDC, the UE can receive TRS and other DL signals/channels (e.g. PDCCH and PDSCH) simultaneously. The PDSCH is rate matched around TRS and the PDCCH and TRS are not overlapped. The corresponding spec is copied below.

	Copied from 38.211
7.3.1.5	Mapping to virtual resource blocks
The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols  conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission; 
-	the corresponding physical resource blocks are declared as available for PDSCH according to clause 5.1.4 of [6, TS 38.214];
-	the corresponding resource elements in the corresponding physical resource blocks are
-	not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as described in clause 7.4.1.1.2;
-	not used for non-zero-power CSI-RS according to clause 7.4.1.5 if the corresponding physical resource blocks are for a PDSCH scheduled by a PDCCH with the CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, G-RNTI, G-CS-RNTI, MCCH-RNTI, or a PDSCH with SPS, except if the non-zero-power CSI-RS is a CSI-RS configured by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE or except if the non-zero-power CSI-RS is an aperiodic non-zero-power CSI-RS resource;
-	not used for PT-RS according to clause 7.4.1.2;
-	not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214].
The mapping to resource elements  allocated for PDSCH according to [6, TS 38.214] and not reserved for other purposes shall be in increasing order of first the index  over the assigned virtual resource blocks, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index .



	Copied from 38.214
5.1.6	UE procedure for receiving reference signals
5.1.6.1	CSI-RS reception procedure
The CSI-RS defined in Clause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation, L1-SINR computation, mobility, and tracking during fast SCell activation.
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable. If the CORESET is activated with two TCI states, UE may assume that the first TCI state of the CORESET as the default QCL assumption for the CSI-RS. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'typeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).



Observation 2: For TRS-based PDC, the UE can receive TRS and PDCCH/PDSCH simultaneously. PDSCH is rate matched around TRS, and PRBs carrying TRS should not overlap with CORESET(s) in the OFDM symbols occupied by the search space set(s).

In our view, from the performance perspective of a PDC UE, it should be allowed that other channels or signals can be received while PDC PRS is measured. Therefore, for PRS-based PDC, the same procedure as for TRS-based PDC can be applied. The UE can then receive both PRS and PDCCH/PDSCH simultaneously in the current serving cell. The PDSCH is rate-matched around PDC PRS, and PRBs carrying PDC PRS should not overlap with CORESET(s) in the OFDM symbols occupied by the search space set(s).

Proposal 2: For PRS-based PDC, support to receive both PDC PRS and PDCCH/PDSCH simultaneously.
· PDSCH is rate matched around PRS, and PRBs carrying PRS should not overlap with CORESET(s) in the OFDM symbols occupied by the search space set(s)
· Note: This is the same procedure as for TRS-based PDC

Conclusion
In this paper, we give our considerations for the enhancements in Rel-17.
Proposal 1: RAN1 shall clarify whether PUCCH/PUSCH can be spatial related to PDC PRS if the WA on spatial relation for SRS for PDC is confirmed.

Observation 1: A Rel-17 positioning UE cannot receive PRS and other DL signals/channels (e.g. PDCCH and PDSCH) simultaneously since the UE has to measure PRS from neighbor cell(s). But for PRS-based PDC, the UE only needs to measure PRS from the serving cell, there is no need for measurement from neighbor cell.

Observation 2: For TRS-based PDC, the UE can receive TRS and PDCCH/PDSCH simultaneously. PDSCH is rate matched around TRS, and PRBs carrying TRS should not overlap with CORESET(s) in the OFDM symbols occupied by the search space set(s).

Proposal 2: For PRS-based PDC, support to receive both PDC PRS and PDCCH/PDSCH simultaneously.
· PDSCH is rate matched around PRS, and PRBs carrying PRS should not overlap with CORESET(s) in the OFDM symbols occupied by the search space set(s)
· Note: This is the same procedure as for TRS-based PDC
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