[bookmark: OLE_LINK25][bookmark: OLE_LINK24][bookmark: OLE_LINK12][bookmark: OLE_LINK34][bookmark: OLE_LINK33][bookmark: OLE_LINK13]3GPP TSG RAN WG1 #108-e                                               R1-2201196                                                                     
e-Meeting, February 21st - March 3rd, 2022

Source:         ZTE 
Title:            Remaining issues on latency reduction for NR positioning
Agenda item:    8.5.4
Document for:	Discussion and Decision
[bookmark: _GoBack]Introduction
A lot of progresses have been made for Rel-17 NR positioning before the WID was officially done in RAN1. In this contribution, we provide our views on remaining issues for latency reduction.
Remaining issues on the PRS measurement outside MG
2.1 PRS processing window indication
In RAN1#107e meeting, how to indicate the PRS processing window was discussed. Some parameters need to be further confirm in this meeting.
	Agreement:
At least the following parameters for PRS processing window from the gNB to the UE are supported.
· Starting slot
· Periodicity
· Duration/length
· Cell and SCS information associated with the above parameters
Discuss during the maintenance phase on the necessity of other parameters including but not limited to
· Processing type (associated with the corresponding UE capability 1A/1B/2)
· Band/CC-ID as needed depending on each scenario on which the PRS processing window is applied
· The above cell and SCS information to determine where/when the PRS processing window is applied
Note: Indication of processing type does not suggest UE indication of multiple capabilities among (1A/1B/2) is already supported, which is a separate discussion.
Note: Some of the parameters above may not be mandatory for a PRS processing window


Based on different UE implementations, a UE may be able to declare to support more than one type of UE capability. Therefore, the network side may further indicate which UE capability can be applied to a measurement report according to latency requirement. Moreover, we have agreed that Capability 1B is supported by UE per frequency band basis. So, it’s natural that network should inform UE which frequency band is applied to conduct measurement. Considering that a UE may be configured with multiple carriers with different SCS, the CC ID should also be provided to UE, which helps UE to understand when to start the PRS processing window. 
In addition, RAN3 has approved that LMF can provide UE-associated class 1 procedure to deliver a full PRS configuration to gNB. So, gNB is aware of which PRS configuration (including the information of positioning frequency layer) that a UE is required to measure. Hence, in order to reduce the complexity, we prefer to support UE to only measure DL PRS from a single positioning frequency layer in a PRS processing window. So gNB should also need to indicate which positioning frequency layer that the UE should conduct measurements in a PRS processing window.
	Agreement in RAN3#114b-e:
· LMF provides a full PRS configuration to gNB as assistance information, and the gNB determines the pre-configuration of MG.
· A UE-associated class 1 procedure is used to provide a full PRS configuration to gNB as assistance information of the pre-configuration of MG. FFS on using new defined or existing signaling procedure.


Proposal 1: Further support the following parameters for PRS processing window indication from the gNB to UE,
· Processing type (associated with the corresponding UE capability 1A/1B/2)
· Band/CC-ID at least for Capability 1B
· Positioning frequency layer ID in order to support a single positioning frequency layer in a PRS processing window
2.2 PRS processing capability enhancements
According to the UE feature defined in Rel-16 for DL PRS processing, The N ms of symbols may be located in anywhere within the duration of T ms as shown in following figures,
[image: ]
Figure 1A                    Figure 1B                   Figure 1C
As defined in the formula of TS 38.133 for the measurement period, the component Tlast is the measurement duration for the last PRS sample, including the sampling time and processing time. The Tlast is to consider the cases that PRS resources from different sets are not concentrated on the same MG instance or PRS resources appear in the end of the processing window (e.g. Figure 1c shown above). This component leads to additional latency for the sampling and processing of the last PRS sample. As we are trying to reduce the latency as much as possible, it’s not acceptable to take additional time after the end of the PRS processing window.
Observation 1: According to the measurement period defined in TS 38.133, UE needs additional latency for sampling and processing of the last PRS sample, which leads to a longer measurement period.
In order to reduce the latency for DL PRS measurement in the PRS processing window, the location information report should be ready right after the end of the PRS processing window. That is, UE has to finish all the DL PRS receiving and computation in the PRS processing window to make full use of its hardware resources. A PRS processing capability shown in the Figure 2 below, a PRS processing window is divided into a PRS buffering window and a PRS computation window. UE is only expected to receive the DL PRS in the PRS buffering window. Then, based on the buffered DL PRS, UE can compute/process the DL PRS in the PRS computation window to get ready for a location information report by the end of PRS processing window. According to this understanding, UE has to report its capability with at least one combination of {N, T} under the following interpretations,
· During the first part of the window with duration of L-(T-N) msec, up to N msec of PRS symbols are expected to be buffered, where L is the duration of the PRS processing window, and (N,T) is the reported capability for MG-less PRS processing.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T msec from the end of first part of the PRS processing window
· UE is not expected to be configured a PRS processing window with duration smaller than (T-N) msec
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Figure 2 PRS processing capability
Proposal 2: For the PRS processing capability in a PRS processing window, UE has to report its capability with at least of the combination {N, T}, 
· During the first part of the window with duration of L-(T-N) msec, up to N msec of PRS symbols are expected to be buffered, where L is the duration of the PRS processing window, and (N,T) is the reported capability for MG-less PRS processing.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window
· UE is not expected to be configured a PRS processing window with duration smaller than (T-N) msec
2.3 The conditions of PRS measurement outside MG cannot be met
Following the Rel-16 specification, UE is expected to provide a location information report to LMF before a response time, where the response time should be large enough to ensure that UE can conduct all DL PRS measurements within measurement gap in a measurement period defined in TS 38.133. Therefore, a new measurement period expected to be smaller than the measurement period in Rel-16 should be defined for DL PRS measurement outside measurement gap. By doing this, LMF can configure a small response time to get a quick location information report. However, in some cases, it’s hard to ensure that the DL PRS can always meet the conditions to be measured in a PRS processing window.
According to the current LPP protocol, LMF can configure two response times for the early fix location information report and normal location information report respectively. We reuse this mechanism for the location information report based on the measurements conducted in the PRS processing window. For instance, as shown in Figure 3 below, UE is required to provide a first location information report before the first response time based on the measurements conducted in the PRS processing window. And, UE is required to provide a second location information report before the second response time, where the second location information doesn’t necessarily require UE to provide measurements conducted in the PRS processing window (e.g. LMF may consider UE needs the measurement period assuming DL PRS measurements conducted inside measurement gap to provide the second location information report). UE can provide the first location information report as soon as possible to reduce positioning latency. As an instance, the first response time can be an early fix response time. Meanwhile, in order to have a balance between latency and accuracy, the second location information report can provide the measurements on the DL PRS resources when the conditions for PRS processing window are not met.


Figure 3 Support two response times in the location request
Proposal 3: UE performs PRS measurement following the measurement period defined in Rel-16 when the conditions for PRS processing window are not met.
Proposal 4: In order to balance the positioning latency and accuracy, LMF can configure two response times in the location information request,
· UE is required to provide a first location information report before the first response time based on the measurements conducted in the PRS processing window. 
· UE is required to provide a second location information report before the second response time, where the second location information doesn’t necessarily require UE to provide measurements conducted in the PRS processing window.
Support a more flexible configuration and reporting structure
Based on the current design, reporting interval (or response time requirement for the first location information report) or maximum response time for a location information report should be larger than the measurement period defined by RAN4, so that UE has enough time to measure and report the location information requested by LMF. However, the measurement period defined in TS 38.133 has to consider all DL PRS configured in ProvideAssistanceData message for a location information report. For example, the value of the measurement period shall consider the processing time of DL PRS from all positioning frequency layers and all TRPs, which leads to large UE processing latency. 
Observation 2: The measurement period defined in TS 38.133 has to consider all DL PRS configured in ProvideAssistanceData message for a location information report, which leads to large UE processing latency.
For a specific location information report, LMF should be able to select a subset of DL PRS from DL PRS in ProvideAssistanceData message for UE to measure and report the location information report. The rationale behind this enhancement is that LMF may have prior information of UE location or channel conditions. Hence, in order to get quick location information report, UE is not necessary to measure all DL PRS configured in ProvideAssistanceData message. By this way, the selected DL PRS may determine a short measurement period. So UE is capable of reporting the location information report in a short period considering the corresponding measurement period without requiring UE to measure all DL PRS configured in ProvideAssistanceData message. As an instance, in Rel-17, LMF should be allowed to select a subset of DL PRS in RequestLocationInformation message. Then UE shall report an early location information report in ProvideLocationInformation according to the subset of DL PRS. 
As we know, for a RRM report, a measurement ID (identified by a MeasId) is indicated in the measurement report, where measurement ID includes the linking of a measurement object (identified by a MeasObjectId) and a reporting configuration (identified by a ReportConfigId). This kind of reporting structure shows flexibility to configure required RS and required report contents by network. Furthermore, RAN4 has defined measurement period for each of the measurement object. Therefore, a RRM report concerning on a measurement object only needs to consider the processing time of RS that includes in the measurement object. We propose to reuse such mechanism on positioning measurement, which not only lead to the configuration flexibility but also the latency budget reduction.
Proposal 5: In order to reduce UE measurement time of a location information report, LMF should be allowed to select a subset of DL PRS from DL PRS configured in ProvideAssistanceData message for UE to measure and report the location information, where the subset of DL PRS can be indicated in RequestLocationInformation message.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to reduce NR positioning latency, the following observations and proposals are proposed,
Proposal 1: Further support the following parameters for PRS processing window indication from the gNB to UE,
· Processing type (associated with the corresponding UE capability 1A/1B/2)
· Band/CC-ID at least for Capability 1B
· Positioning frequency layer ID in order to support a single positioning frequency layer in a PRS processing window
Observation 1: According to the measurement period defined in TS 38.133, UE needs additional latency for sampling and processing of the last PRS sample, which leads to a longer measurement period.
Proposal 2: For the PRS processing capability in a PRS processing window,  UE has to report its capability with at least of the combination {N, T}, 
· During the first part of the window with duration of L-(T-N) msec, up to N msec of PRS symbols are expected to be buffered, where L is the duration of the PRS processing window, and (N,T) is the reported capability for MG-less PRS processing.
· The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window
· UE is not expected to be configured a PRS processing window with duration smaller than (T-N) msec
Proposal 3: UE performs PRS measurement following the measurement period defined in Rel-16 when the conditions for PRS processing window are not met.
Proposal 4: In order to balance the positioning latency and accuracy, LMF can configure two response times in the location information request,
· UE is required to provide a first location information report before the first response time based on the measurements conducted in the PRS processing window. 
· UE is required to provide a second location information report before the second response time, where the second location information doesn’t necessarily require UE to provide measurements conducted in the PRS processing window.
Observation 2: The measurement period defined in TS 38.133 has to consider all DL PRS configured in ProvideAssistanceData message for a location information report, which leads to large UE processing latency.
Proposal 5: In order to reduce UE measurement time of a location information report, LMF should be allowed to select a subset of DL PRS from DL PRS configured in ProvideAssistanceData message for UE to measure and report the location information, where the subset of DL PRS can be indicated in RequestLocationInformation message.
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