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Introduction
In 3GPP RAN1#104-bis-e meeting, down selection of solutions for DL-TDOA, UL-TDOA and multi-RTT method has been achieved. In this contribution, we provide our views on further details for mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays based on the agreements and conclusions in last meeting [1].
Options for DL+UL positioning
	Agreement：
For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:
· Alt.1: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF, where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS;
· Alt.2: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 
· Option 1: the UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
· FFS:  whether UE provides the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements specifically
· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.
· For both alterntives, the UE may provide the association information of SRS resources for positioning to UE Tx TEG to LMF 
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF
· FFS: the details of the signalling, procedures, and UE capability


Both alt 1 and alt 2 reached a consensus that Rx TEG and Tx TEG can be seen as a combination, i.e., {Rx TEG, Tx TEG} pairs. Compared with alt 1, alt 2 is one step further that it requires UE to provide a UE RxTx TEG additionally. However, it should be UE’s capability to distinguish whether multiple {Rx TEG, Tx TEG} pairs are in a same RxTx TEG.
A compromised solution is that, before measurement, which {Rx TEG, Tx TEG} pairs are in a same RxTx TEG can be reported to LMF via UE capability. Afterwords, the UE provides the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF, where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL positioning SRS, i.e. alt 1. In this way, UE only needs to report its behavior like receiving PRS with which Rx TEG and sending SRS with which Tx TEG, LMF will determine which Rx-Tx time difference measurements have the same Rx+Tx timing error and combine them according to UE capability report.
Proposal 1: For DL+UL positioning, support a UE to provide the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF. 
· Support an additional UE capability to indicate which {Rx TEG, Tx TEG} pairs are in a same RxTx TEG.
Remaining issues for UL-TDOA
	Agreement：
Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE to provide under capability the association information of UL SRS resources for positioning with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether to support a UE to provide the association information of UL SRS resources for MIMO with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF  
· FFS: the details of the Signaling, procedures, and UE capability


The above agreement of UL-TDOA was agreed in RAN1#104b-e meeting. There are two remaining issues needed to be further discussed:
· Whether MIMO SRS can be associated with Tx TEGs or not. 
· How to report UE Tx TEGs to LMF.
Tx TEG associated with MIMO SRS
[bookmark: OLE_LINK1]In last meeting, a problem that whether UE Tx TEG can be associated with MIMO SRS and/or SRS port raised attention and caused intensive discussion. It was agreed in Rel-16 that MIMO SRS can be used in UL-TDOA and UL-AoA positioning. It should be noted that MIMO SRS may have different kinds of usages, capabilities and antenna ports. So, not all kind of MIMO SRS transmission can be directly associated with Tx TEG. Therefore, it is important to identify which kind of MIMO SRS is able to be associated with port-specific Tx TEG, resource-specific Tx TEG, or resource set specific Tx TEG.
· SRS with the usage of ‘codebook’
In this case, UE antenna coherent capability is crucial to determine the number of Tx TEGs and the association between ports and Tx TEGs. Since the coherent antenna ports can adjust to the fixed transmission power and phase, it can be deduced that coherent ports have the capability to align their Tx timing error. For example, for a 4 Tx UE, non-coherent UE has 4 Tx TEGs, partial-coherent UE has 2 or 4 Tx TEGs, full-coherent UE has 1, 2 or 4 Tx TEGs.
Another important issue under the usage of ‘codebook’ is the full power transmission mode. If full power mode 2 is configured, the UE performs port virtualization, and gNB doesn’t know how UE virtualizes its antennas. In this case, how to associate Tx TEGs with antenna ports becomes a challenging endeavor and may have much spec impact. 
· SRS with the usage of ‘non-codebook’
In Rel-16, one SRS resource set with the usage of ‘non-codebook’ can be configured, where one SRS resource set contains several single-port SRS resources. So Tx TEG associated with SRS resources seems enough. However, one SRS port or resource may be virtualized by several Tx ports based on DL RS measurement which is completely up to UE implementation. It is hard to associate Tx TEG and the SRS resource for non-codebook without UL MIMO impact. In addition, since non-codebook based transmission should satisfy channel correspondence for UL&DL, which has rarely real deployment. Therefore, we think we should de-prioritize SRS with the usage of ‘non-codebook’ to apply for positioning.
· SRS with the usage of ‘beam management’
In current 38.214, the description of SRS resource with the usage of ‘beam management’ implicitly indicates that each SRS resource set corresponds to one UE panel/RF chain. Therefore, in each SRS resource set, it is reasonable that all the SRSs have the same Tx timing error. So in beam management MIMO SRS, TEG should be associated with SRS resource set, i.e., each SRS resource set corresponds to a Tx TEG.
· SRS with the usage of ‘antenna switching’
When SRS is configured with the usage of ‘antenna switching’, whether to associate Tx TEG with SRS port or SRS resource depends on UE antenna switching capability, i.e. xTyR. For example in xTxR, a single SRS with multiple ports are configured in a resource, so Tx TEG can be associated with SRS port; For 1TyR, x single-port SRS resources are in a resource set, so Tx TEG should be associated with SRS resource.
In general, MIMO SRS cannot be simply associated with Tx TEGs, at least different SRS usages should be considered. Furthermore, whether Tx TEG is associated with SRS resource, SRS resource set or SRS port depends on different SRS usages and UE capability, e.g. UE antenna coherent capability, UE antenna switching capability, etc. 
Proposal 2: Whether Tx TEG is associated with SRS resource, SRS resource set or SRS port depends on different SRS usages and UE capability, e.g. UE antenna coherent capability, UE antenna switching capability, etc. 
Report for UE Tx TEG
It is agreed that UE should report its Tx TEG information to LMF in UL-TDOA (or Tx TEG for Multi-RTT), and a FFS is whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF. For a UE, there is no measurement report sent to LMF through LPP, or sent to serving gNB through RAN network, so if the aforementioned association information is transmitted by UE, it can only be carried through UE capability. In this way, UE can not send its real-time TEG information to the network(the UE panel may spin or antennas may vibrate). For the low latency consideration, it is better to include UE Tx TEG information in the location measurement report to get real-time TEG information.
Proposal 3: Support to include UE Tx TEG information in location measurement report.
 Multiple measurement instances in a report
	Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window
· FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set
· FFS: N (including N=1)
· FFS: Each TRP measurement instance can be configured with M SRS measurement time occasions
· FFS: M (including M=1)
· FFS: details of signalling, procedures, and UE capability if any
· FFS: whether and how to consider the additional enhancement related to measurement reporting of multi-paths and quality metric
· Note 1: A measurement instance refers to one or more measurements, which can either be the same or different types, which are obtained from the same DL PRS resource(s), or the same UL SRS resource(s).
· Note 2: This enhancement has no intention to change the mapping of measurement types to Rel-16 positioning techniques and no intention to introduce new positioning techniques either.


For a periodic measurement report based on periodic DL PRS, there may be multiple instances of DL PRS to be measured between two consecutive occasions of the measurement report. For a measurement value reported based on the current design, the measurement value may be an average value from several measurement results based on the same DL PRS in different instances and/or different RS. As such, in the current design, the average operation is up to the UE’s implementation, and the LMF is missing a large amount of information regarding the time occasions and measurement results. In addition, even for the same DL PRS in different instances, the measurement results could be quite different due to the timing error variation of the device, blockage, movement of the UE, or other impairments. Therefore, the above agreement was approved in RAN1#104-e meeting so that UE/gNB can provide a positioning measurement report with multiple measurement instances to track aforementioned impairments. The intention of defining measurement instance is to ensure the static timing error of the measurement results in a measurement instance. Meanwhile, different measurement instances may have different timing errors. So, it’s enough to determine a TEG based on the dimension of spatial (panel/RF chain/antenna) and frequency, since timing error shift over time can already be reflected in different measurement instances.
Observation 1: It’s enough to determine a TEG based on the dimension of spatial (panel/RF chain/antenna) and frequency, since timing error shift over time can already be reflected in different measurement instances.
Based on the agreement above, at least the following remaining details need to be discussed in this meeting ( take UE side as an example, it can be also used for gNB/TRP side when applicable),
· The configuration level of N (i.e. the number of instances of DL PRS resource set in a UE measurement instance)
· The association between measurement instances and UE measurement report
· Measurement window and time stamp for UE measurement instances
Configuration level of N
[bookmark: OLE_LINK2]As we know, the periodicity of DL PRS is configured per DL PRS resource set. What’s more, the assistance data provided by LMF may include different periodicities of DL PRS resource sets. Thus, the number of DL PRS resource set instances between two consecutive occasions of a measurement report may also be different for different DL PRS resource sets. Therefore, there could be multiple alternatives to configure the value of N depending on configuration level,
· Alt 1: configured by LMF per DL PRS resource set. The value may depend on the periodicity of corresponding DL PRS resource set
· Alt 2: configured by LMF per TRP. The value may depend on the periodicities of DL PRS resource sets associated with corresponding TRP.
· Alt 3: configured by LMF per positioning frequency layer. The value may depend on the periodicities of DL PRS resource sets associated with corresponding positioning frequency layer.
· Alt 4: configured by LMF per measurement report. The value may depend on the periodicities of DL PRS resource sets provided by LMF via assistance data.
Proposal 4: Further discuss how to configure the number of instances of DL PRS resource set in a UE measurement instance (i.e. the value N), at least consider one of the following alternatives,
· Alt.1: configured by LMF per DL PRS resource set. 
· Alt.2: configured by LMF per TRP.
· Alt.3: configured by LMF per positioning frequency layer.
· Alt.4: configured by LMF per measurement report. 
Association between measurement instances and UE measurement report
Figure 1 shows a skeleton example of Rel-16 UE reporting structure: a measurement report includes several positioning methods; each positioning method includes several measurement elements; each measurement element includes measurement results from a certain TRP. 
[image: R16 report configure]
Figure 1. Rel-16 UE reporting structure
Based on current design, how to support the association between measurement instances and UE measurement report needs to be further discussed. In general, there could be multiple options to associate multiple measurement instances in a measurement report,
· Option 1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Option 2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Option 3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. 
· Option 4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Option 5: Multiple measurement instances are directly associated with a measurement report.
[bookmark: OLE_LINK3]Figure 2 shows a skeleton example of UE reporting structure for option 3, where each measurement element may include multiple measurement instances. In addition, the value of N may have impact on the number of measurement instances in a measurement report. For instance, as shown in Figure 2, the number of measurement instances associated with a measurement element (i.e. a TRP) may depend on the value of N and periodicities of DL PRS resource sets associated with the TRP.
[image: new report configure]
Figure 2. UE reporting structure for option 3
Proposal 5: Further discuss the association between measurement instances and UE measurement report, at least consider one of the following options,
· Option 1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Option 2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Option 3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. 
· Option 4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Option 5: Multiple measurement instances are directly associated with a measurement report.
FFS: The relationship between the value N and the association between measurement instances and UE measurement report.
Measurement window and time stamp of measurement instance
Measurement instance contains the measurement results derived from one PRS resource set shown N times in a period of time (measurement window). A detailed example of option 3 is shown in figure 3, where a single TRP contains 2 PRS resource sets, measurement instance 1 contains the measurement results derived from 3 times of PRS resource set 1, and measurement instance 2 contains the measurement results derived from 3 times of PRS resource set 2. 
[image: measurement instance]
Figure 3. Detailed example of option 3
[bookmark: _GoBack]Due to the different periodicities of DL PRS resource sets, the duration for different measurement instances, i.e. measurement window, may be different. Also, since UE is well aware of its own timing error shift, it is better to let UE determine the length of measurement window instead of configuring by network in advance. As we agreed, each measurement instance is reported with its own time stamp. In current specification, the time stamp specifies the time instance at which the measurement is performed. However, for multiple measurement instances in a measurement report, we can assume that the timing error is almost static within the duration of a measurement instance, so there is no need to report time stamp for each measurement results within a measurement instance. That’s to say, each measurement instance will only have one time stamp. Therefore, one solution to achieve the UE reporting length of measurement window is to enhance the time stamp defined in Rel-16. The enhanced time stamp for a measurement instance should indicate a time window, wherein the corresponding measurement instance is conducted in this time window. For example, the time stamp can include,
· A starting time stamp that corresponds to a reception time of the first reference signal for determining a measurement instance, and 
· An ending time stamp that corresponds to a reception time of the last reference signal for determining the measurement instance.
Proposal 6: Define the time stamp for a measurement instance, where the time stamp is a time window indicated by,
· A starting time stamp that corresponds to a reception time of the first reference signal for determining a measurement instance, and 
· An ending time stamp that corresponds to a reception time of the last reference signal for determining the measurement instance.
Conclusions
In this contribution, we discuss positioning accuracy improvement by mitigating timing delay. Based on the discussion, we have the following observations and proposals:
Observation 1: It’s enough to determine a TEG based on the dimension of spatial (panel/RF chain/antenna) and frequency, since timing error shift over time can already be reflected in different measurement instances.
Proposal 1: For DL+UL positioning, support a UE to provide the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF. 
· Support an additional UE capability to indicate which {Rx TEG, Tx TEG} pairs are in a same RxTx TEG.
Proposal 2: Whether Tx TEG associates with SRS resource, SRS resource set or SRS port depends on different SRS usages and UE capability, e.g. UE antenna coherent capability, UE antenna switching capability, etc. 
Proposal 3: Support to include UE Tx TEG information in location measurement report.
Proposal 4: Further discuss how to configure the number of instances of DL PRS resource set in a UE measurement instance (i.e. the value N), at least consider one of the following alternatives,
· Alt 1: configured by LMF per DL PRS resource set. 
· Alt 2: configured by LMF per TRP.
· Alt 3: configured by LMF per positioning frequency layer.
· Alt 4: configured by LMF per measurement report. 
Proposal 5: Further discuss the association between measurement instances and UE measurement report, at least consider one of the following options,
· Option 1: For each indicated DL PRS resource in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource.
· Option 2: For each indicated DL PRS resource set in a measurement report, multiple measurement instances are associated with the indicated DL PRS resource set.
· Option 3: For each indicated measurement element (i.e. TRP) in a measurement report, multiple measurement instances are associated with the indicated measurement element. 
· Option 4: For each indicated positioning method in a measurement report, multiple measurement instances are associated with the indicated positioning method. 
· Option 5: Multiple measurement instances are directly associated with a measurement report.
FFS: The relationship between the value N and the association between measurement instances and UE measurement report.
Proposal 6: Define the time stamp for a measurement instance, where the time stamp is a time window indicated by,
· A starting time stamp that corresponds to a reception time of the first reference signal for determining a measurement instance, and 
· An ending time stamp that corresponds to a reception time of the last reference signal for determining the measurement instance.
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