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Introduction
In this contribution, we provide our consideration on DL procedures for NR positioning, which may be applicable to
· UL-only positioning
· UL-TDOA
· UL-AoA
· UL part of DL+UL positioning
· Multi-RTT
UE related procedures
0. Reuse of Rel-15 SRS
Since RAN1 is discussing new SRS patterns for both UL-only positioning and multi-RTT positioning, this requires new UE capability for Rel-16. However, LTE UTDOA was designed in a way that is totally transparent to Rel-8/9 UEs by reusing the existing SRS configuration, and we hold this backward compatibility as a great merit for network based positioning.
Supporting Rel-15 SRS without the enhancement defined in RAN1 has the following benefits
· It allows Rel-15 UE to benefit from the NR positioning techniques, such as UTDOA and UAoA.
· It reduces the reference signal overhead since the SRS can be shared with other usages for the same UE, e.g., SRS for codebook based in FR1, for antenna switching in FR1, and for beam management in FR2.
· It enables multiplexing SRS used for positioning with SRS for other usages transmitted by a different UE.
· Since the positioning SRS defined by RAN1 only supports staggering pattern for the time being, it cannot support efficient frequency domain multiplexing with other Rel-15 SRS.
· At least for the serving cell, any measurement can be carried out by Rel-15 SRS.
· No new capability introduced from UE side.
· The specification impact is small, where only NRPPa needs to provide additional support for Rel-15 SRS configuration transfer between NG-RAN and LMF, and RRM performance requirement at gNB may need to consider both Rel-15 SRS and Rel-16 SRS, if any.
During the study item [1], evaluation shows that for typical commercial deployment (UMi and InH), Rel-15 SRS with up to 4 symbols in a slot for an SRS resource without any Rel-16 feature can provide reasonably good performance for both FR1 and FR2.
Proposal 1: From RAN2 point of view, reusing Rel-15 SRS for positioning should also be supported.
Configuration of Rel-16 SRS
SRS configuration protocol
In the LS sent from RAN1 [3], it is assumed in RAN1 that SRS is configured by RRC. We think finalizing the SRS positioning framework as early as possible could help the progress of completion of this work item. With the following unclear issue and potential large specification impact, we suggest to conclude in RAN2 that SRS for positioning is configured by RRC in this release.
· UE behavior of out-of-sync, e.g., RLF, TA time out
· UE behavior in case of cell change/RRC state transition
· UL bandwidth part update
Proposal 2: SRS for positioning should be configured by RRC in Rel-16. UE capability of SRS should at least be transferred by RRC.
SRS configuration hierarchy
In the higher layer parameter endorsed by RAN1 [2], some fields that were mandatory for Rel-15 SRS have been removed, including
· nrofSRS-Ports
· repetitionFactor
· freqDomainPosition
· b-SRS
· b-hop
Removing those fields will inevitably cause backward incompatible issues if SRS resource is still configured by the existing IE SRS-Resource, and therefore a new IE is necessary to be defined. On the other hand, if a new IE is to be introduced, clearly it is used to configure SRS for positioning, thus introducing the positioning usage is less needed. 
Proposal 3: Introduce a new structure to convey the SRS configuration for positioning
· SRS-Config
· SRS-PosResourceSet
· SRS-PosResource
· Only IDs belongs to SRS-PosResource can be configured in the list that is the field of SRS-PosResourceSet
· No need to define positioning usage.
In the LS from RAN1, SP-SRS activated/deactivated by MAC CE is supported and is to be received at both the serving cell and the neighboring cell. From RAN2 perspective, SP-SRS if supported, should be activated/deactivated by MAC CE. However, if SRS for positioning is configured by SRS-PosResource in SRS-PosResourceSet, the current MAC CE that activates/deactivates SP-SRS may not work.
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Figure 1 shows the fields for SP-SRS activation/deactivation MAC CE, where
-	SP SRS Resource Set ID: This field indicates the SP SRS Resource Set ID identified by SRS-ResourceSetId as specified in TS 38.331, which is to be activated or deactivated. The length of the field is 4 bits;
The SRS Resource Set ID is identified by SRS-ResourceSetId, which only points to the set that contains resources configured by SRS-Resource.
In order to activate the SRS resources configured by SRS-PosResource, a new MAC CE is required, which increases RAN2 burden.
Proposal 4: Down-prioritize the support of SP-SRS for positioning in Rel. 16.
· Note: Both periodic and semi-persistent SRS are supported for the SRS resources configured by SRS-Resource, if Rel-15 SRS can be reused for positioning.
· Include the decision in the LS to RAN1 and RAN3.
Power control and beam alignment
It has been agreed that the spatial relation info RS for an SRS resource and pathloss RS for an SRS resource set can be SSB, PRS, and SRS.
· SSB: For SSB, the time frequency occupancy should be provided.
· PRS: For PRS, it is assumed that the PRS configuration is already available at the UE from the assistance data, thus using PRS ID related information is sufficient, instead of time frequency occupancy.
· SRS (only applicable for spatial relation info RS): We assume that SRS should also be an SRS configured in SRS-PosConfig, then using SRS ID related information is sufficient.
Therefore, the full configuration only includes SSB. Note that positioning target serving or neighboring cells may send SSBs on different frequency layers. SRS configuration (SRS-Config IE) may include the configuration of multiple positioning SRS resource sets each of which potentially targeting a different serving or neighboring cell. Therefore, configuring SSBs as the spatial relation info RS or pathloss RS on multiple SSB frequency layers in SRS for positioning configuration should be supported. To further reduce the overhead, we have the following proposal.
Proposal 5: Add SSB configuration on multiple SSB frequency layers, including ssbFrequency, ssbSubcarrierSpacing, smtc, and deriveSSB-IndexFromCell for each frequency layer to SRS-Config, and 
· For indicating pathloss reference signal per SRS resource set or spatial relation information reference signal per SRS resource, use
· For SSB, an indicator of the SSB frequency layer, ssb-Index, pci, ss-PBCH-BlockPower (only for indication of pathloss reference) 
· For PRS, prs-ConfigId, prs-ResourceSetId, and prs-ResourceId,
· For SRS, srs-PosResourceId, and
· For CSI-RS in the serving cell, nzp-CSI-RS-ResourceId.
Other configurations
For the existing field in SRS, due to the fact that the closed-loop power control is not supported for SRS according to RAN1 agreements and SP-SRS is not supported according to proposal 4, we think the following fields should be removed from
· SRS-PosConfig
· tpc-Accumulation
· SRS-PosResourceSet
· resourceType
· SRS-PosResource
· resourceType (replaced with periodicityAndOffset)
Propose 6: Remove the following field from
· SRS-PosConfig
· tpc-Accumulation
· SRS-PosResourceSet
· resourceType
· SRS-PosResource
· resourceType (replaced with periodicityAndOffset)
UL Supporting procedures
0. SRS configuration transfer between NG-RAN and LMF
The SRS configuration is request by the LMF to the serving gNB. In LTE, the request information includes [6]
· Number of transmissions
· Bandwidth
However, in NR, since we are envisioning a more complex SRS transmission feature including multiple SRS resources and multiple SRS resource sets, more information should be provided.
The configuration may include
· Number of expected frequency layers (in case UE supports CA)
· Number of SRS resource sets per frequency layer
· For each frequency layer
· Number of transmissions for all SRS resources configured in that frequency layer
· Bandwidth for all SRS resources configured in that frequency layer
· For each SRS resource set 
· SSB information that potentially may be used for pathloss reference signal, and spatial relation info reference signal
· Note that the SSB information is the SSB information in Proposal 5.
· Recommended pathloss reference signal, which can be
· PRS, SSB
· Note that for PRS and SSB, the PRS ID and SSB ID are those in Proposal 5.
· Number of SRS resources in the SRS resource set, and for each SRS resource
· Recommended spatial relation info reference signal, which can be
· PRS, SSB, or SRS
· Note that for PRS and SSB, the PRS ID and SSB ID are those in Proposal 5.
· Note that for SRS, it simply recommends the serving gNB to configure an SRS resource set containing all SRS resources transmitting with the same beam
Still, it is up to gNB to decide how SRS are configured to the UE, and returns the configuration to the LMF.
Proposal 7: Support LMF request the configuration of SRS from the serving gNB with
· Number of expected frequency layers
· Number of SRS resource set per frequency layer
· For each frequency layer
· Number of transmissions for all SRS resources configured in that frequency layer
· Bandwidth for all SRS resources configured in that frequency layer
· For each SRS resource set
· Number of SRS resources in that resource set
· Other information to help gNB to configure pathloss reference signals and spatial relation info reference signals
Measurement information between NG-RAN and LMF
LMF may request measurement information from NG-RAN by providing the SRS information to the NG-RAN and request specific measurement. In case multiple TRPs are connected to the NG-RAN, LMF should provide SRS configuration, and the measurement request for each TRP.
The message should at least include for each TRP
· {Cell ID, TRP ID}, 
· SRS configuration intended for that TRP with potential adaptation of PRS related information in case 
· Request of one or multiple of the following measurements and measurement qualities
· UL-RTOA
· gNB Rx – Tx time difference
· AOA/ZOA
· SRS-RSRP
· Timing quality
· Angle quality
· RS ID report associated with the measurement
In response, NG-RAN provides the requested measurements. In case multiple TRPs are connected to the NG-RAN, NG-RAN should provide the measurement for each TRP. In addition, NG-RAN may provide for measurement by each TRP
· {Cell ID, TRP ID}
· One or multiple of the following measurements and measurement qualities
· UL-RTOA
· gNB Rx – Tx time difference
· AOA/ZOA
· SRS-RSRP
· Timing quality
· Angle quality
· RS ID
· Time stamp
Proposal 8: Support LMF request measurement for each TRP along with SRS configuration, and NG-RAN provide measurement for each TRP, where the measurement result includes
· One or multiple of the following measurements and measurement qualities
· UL-RTOA
· gNB Rx – Tx time difference
· AOA/ZOA
· SRS-RSRP
· Timing quality
· Angle quality
· RS ID
· Time stamp
Conclusion
In this contribution, we discussed UL procedure for NR positioning, and we have the following observation and proposals:
[bookmark: _GoBack]Proposal 1: From RAN2 point of view, reusing Rel-15 SRS for positioning should also be supported.
Proposal 2: SRS for positioning should be configured by RRC in Rel-16. UE capability of SRS should at least be transferred by RRC.
Proposal 3: Introduce a new structure to convey the SRS configuration for positioning
· SRS-Config
· SRS-PosResourceSet
· SRS-PosResource
· Only IDs belongs to SRS-PosResource can be configured in the list that is the field of SRS-PosResourceSet
· No need to define positioning usage.
Proposal 4: Down-prioritize the support of SP-SRS for positioning in Rel. 16.
· Note: both periodic and semi-persistent SRS are supported for the SRS resources configured by SRS-Resource, if Rel-15 SRS can be reused for positioning.
· Include the decision in the LS to RAN1 and RAN3.
Proposal 5: Add SSB configuration, including ssbFrequency, ssbSubcarrierSpacing, smtc, deriveSSB-IndexFromCell, ssb-ToMeasure, and pci-List, to SRS-Config, and 
· For indicating pathloss reference signal per SRS resource set or spatial relation information reference signal per SRS resource, use
· For SSB, ssb-Index, pci, ss-PBCH-BlockPower (only for indication of pathloss reference) 
· For PRS, prs-ConfigId, prs-ResourceSetId, and prs-ResourceId,
· For SRS, srs-PosResourceId, and
· For CSI-RS in the serving cell, nzp-CSI-RS-ResourceId.
Propose 6: Remove the following field from
· SRS-PosConfig
· tpc-Accumulation
· SRS-PosResourceSet
· resourceType
· SRS-PosResource
· resourceType (replaced with periodicityAndOffset)
Proposal 7: Support LMF request the configuration of SRS from the serving gNB with
· Number of expected frequency layers
· Number of SRS resource set per frequency layer
· For each frequency layer
· Number of transmissions for all SRS resources configured in that frequency layer
· Bandwidth for all SRS resources configured in that frequency layer
· For each SRS resource set
· Number of SRS resources in that resource set
· Other information to help gNB to configure pathloss reference signals and spatial relation info reference signals
Proposal 8: Support LMF request measurement for each TRP along with SRS configuration, and NG-RAN provide measurement for each TRP, where the measurement result includes
· One or multiple of the following measurements and measurement qualities
· UL-RTOA
· gNB Rx – Tx time difference
· AOA/ZOA
· SRS-RSRP
· Timing quality
· Angle quality
· RS ID
· Time stamp
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