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Introduction
In RAN#86 meeting, a new study item for NR positioning enhancements was approved [1], in which the motivation to provide higher accuracy location requirements resulting from new applications and industry verticals was justified. Due to a more stringent positioning accuracy and latency requirements for the IIoT use cases than that of the commercial ones, potential enhancements should be identified and studied. 
In RAN1#102-e meeting, a good progress was made on the potential enhancements that will be investigated in Rel-17 positioning, including the enhancements on PRS/SRS RE mapping pattern, on-demand PRS, multipath mitigation techniques, positioning in idle/inactive state, etc [2]. However, there were still many issues that companies shared controversial views so that no consensus was made, and also issues that have not been discussed yet due to the limited time. 
In this contribution, we continually discuss on some candidate enhancements that can be further studied in Rel-17 to improve the positioning performance. 
Potential enhancements
2.1 Enhancements on DL PRS
2.1.1 DL PRS FDMed with other DL signals/channels
In Rel-16, it was specified that the DL PRS from the serving cell is not mapped to any symbol that contains SS/PBCH block from the serving cell. In our view, and also mentioned by several companies in the last meeting, with this particular multiplexing restrictions on the DL PRS, it does no good to the positioning latency. In Rel-17, to reduce the latency is a key objective of the positioning enhancement, we believe that by allowing the FDM multiplexing of DL PRS with other DL signals/channels in a PRB level is beneficial to achieve the low latency requirement, especially for the IIoT use cases.
In addition, in TS 36.213, the multiplexing rules of the PRS is defined as follows:
“A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended for the UE.”
It is noted that the LTE PRS is not mapped to the resources carrying system information and paging messages, while no further limitations on the multiplexing with other signals/channels. Therefore, we make the following proposal:
Proposal 1: DL PRS FDMed multiplexing with other DL signals/channels in a PRB level should be supported in Rel-17.
2.1.2 DL PRS Priority
In Rel-16 URLLC, the physical layer priority was defined for UL transmissions including a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH, etc. Considering the scope of URLLC, only the priority of UL transmission is necessary to be specified, while the definition of the DL transmission priority is not necessary since all DL transmissions are scheduled by gNB and potential collision can be handled by gNB implementation.
However, in NR positioning, one major difference is that the DL PRS of reference and neighboring cells is configured by LMF, and is transparent to the serving gNB, therefore, the potential collisions may not be solved just by gNB implementation. Considering that Rel-17 will enable the configuration, activation and triggering of the on-demand DL PRS by both UE- and NW-initiated request, to further enhance the positioning accuracy and reduce the latency, the serving gNB is not aware of the initiated on-demand PRS of neighboring cells, in such cases, introducing the DL PRS priority is beneficial for the handling of potential DL PRS collisions.
Proposal 2: The priority of DL PRS, at least that of the on-demand DL PRS, should be defined in Rel-17.
2.2 Enhancements on UL SRS for POS
2.2.1 SRS for POS coordination
In Rel-16, in order to support the UL-TDOA or multi-RTT positioning, the LMF will indicate to the serving gNB the need to direct the UE to transmit SRS signals for uplink positioning. Note that it is up to the serving gNB to make the final decision on resources to be assigned and to communicate this SRS configuration information back to the LMF so that LMF can forward the SRS configuration to the TRPs. Based on the current Rel-16 SRS for pos configuration procedure, no coordination is done by LMF and among adjacent gNB/TRPs, therefore, the SRS pos configuration collisions cannot be fully avoided, and may further affect the UL measurement quality.
In Rel-17, to achieve a much tighter accuracy and latency requirement, some enhancements should be studied and supported in the SRS pos configuration procedures. Note that in a typical indoor factory scenario, the number of UEs to be localized, as well as the number of gNB/TRPs to provide UL measurements are limited. SRS for POS configuration coordination schemes can be supported by LMF or among a group of gNB/TRPs, to avoid potential configuration collision and to further improve the UL measurement quality.
Proposal 3: The SRS for POS coordination should be studied.
2.3 Enhancement on E-CID positioning
In the last meeting, the enhancement on Rel-16 E-CID positioning was raised by several companies; however, since companies shared different understanding and views on the potential enhancements, no agreement was achieved. For companies that are objective of this enhancement, the main concerns include that:
1) Low accuracy of E-CID. Basically, the positioning accuracy is dependent on the principle of the positioning technique, the configuration of reference signals, and the UE/gNB measurements. In Rel-16, the supported E-CID positioning only enables the downlink measurements using the Rel-15 SSB and CSI-RS for RRM, and the UE measurements only include RSRP/RSRQ. Compared to other RAT-dependent positioning methods, the Rel-16 E-CID positioning can only achieve a relatively poor localization performance. It is noted that in LTE, the E-CID using timing measurement (including both type 1 and type 2 TA) was supported, therefore, an enhanced E-CID positioning should be considered in Rel-17 to further improve its positioning accuracy. To be specific, the Rel-17 E-CID positioning based on RTT + UL-AoA measurements should be supported. On the other hand, the Rel-17 E-CID positioning should use the Rel-16 positioning reference signals to obtain a more precise timing and angular measurements.
2) [bookmark: _GoBack]More accurate positioning techniques have been supported other than E-CID. Some companies argued that Rel-16 has introduced more accurate positioning techniques, such as multi-RTT, which is using UE/gNB Rx-Tx time differences (RTT) as the measurements, and is against NW synchronization error as well. Therefore, enhancements on E-CID using RTT + AoA is not necessary. To my understanding, the enhancement E-CID using RTT + AoA has potential advantages on latency, NW efficiency, and is more suitable for use cases that UE is moving fast and TA may change during the measurement phase. 
Proposal 4: Enhancement on E-CID positioning should be supported:
· Supporting E-CID based on RTT + UL-AoA measurements
· Supporting E-CID using Rel-16 DL/UL positioning reference signals 
2.4 Enhancement on TDOA positioning
DL-TDOA and UL-TDOA, also known as OTDOA and UTDOA, are the most popular RAT-dependent positioning methods since LTE. However, the positioning accuracy of the TDOA positioning is vastly affected by the network time synchronization errors. In Rel-16 SI, it was observed that the positioning accuracy requirement of < 3m and 10m for indoor and outdoor scenarios can only be achieved under the ideal assumption that the NW is strictly synchronized. The current network synchronization error is about 50~100ns, and if we consider the IIoT or indoor use cases that the TRPs are co-BBU, there are still errors about 3~10ns. Therefore, for supporting sub-meter positioning accuracy in Rel-17, it is necessary to either remove or compensate the synchronization timing errors if TDOA based method is used.
In the last meeting, whether to investigate the methods and signalling to estimate and compensate the NW synchronization errors were intensively discussed; however, since companies argued that this issue can be solved up to NW implementation, no agreement was made. From our perspective, for some multi-vendor deployment scenarios, whether the strict Rel-17 target performance can be ensured or not cannot be fully guaranteed, if this is just relied on NW implementation. On the other hand, we believe that considering solutions with specification impact, we are able to evaluate them and specify them if enhancements are observed, and further guarantee the TDOA based positioning accuracy. 
Proposal 5: The methods and signaling for the estimation and compensation on the network synchronization errors should be investigated in Rel-17.
2.3 Positioning for UEs in idle/inactive state
In the last meeting, an agreement regarding the positioning for UEs in idle/inactive state was made as follows:
	Agreement:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)


To our understanding, to support NR positioning for UEs in idle/inactive state means that the whole positioning procedure, including measurement, transmission of RS, reporting, and obtaining the UE location, should be done in idle/inactive state. 
In Rel-16, since the configuration of DL PRS can be broadcasted via the system information, the UE-based DL positioning in idle/inactive state has naturally been supported. To support the UE-assisted DL positioning, one straightforward way is to utilized the RACH (2-step and 4-step) procedure to finish the DL measurement reporting and obtaining the location.
On the other hand, considering the typical IIoT use case of localizing good in the warehouse (for logistics and/or for goods management), where some low-cost positioning chips with the requirement of low power consumption can be attached to the to-be-positioned goods, it can be configured/activated/triggered to transmit UL signals for the network to get its location information when necessary. There are two possible methods in such a case, one is to using the RACH procedure, the other is to enhance the UL SRS transmission in idle/inactive state. By using the RACH procedure, the UE can use the RACH preamble as the UL signal for positioning. However, since the bandwidth of the RACH preamble is limited, the positioning accuracy may not be guaranteed. Additionally, considering the contention-based random access, if more than one UE is initiated the RACH procedure for positioning, by using the same RACH preamble on the same RACH occasion, the NW is not able to identify different UEs and its UL measurements. Therefore, we believe that the configuration, activation, and triggering of UL SRS transmission in idle/inactive state should be supported to enable the UL positioning for UEs in idle/inactive state.
Proposal 6: The following should be supported for UE positioning in idle/inactive state:
· At least UE-based and UE-assisted DL positioning, and NW-assisted UL positioning should be supported
· DL PRS and UL SRS should be supported 
· RACH procedure (2-step and 4-step) should be supported 
· Configuration, activation, and triggering of UL SRS transmission in idle/inactive state should be supported
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the potential NR positioning enhancements, and the following proposals are provided:
Proposal 1: DL PRS FDMed multiplexing with other DL signals/channels in a PRB level should be supported in Rel-17.
Proposal 2: The priority of DL PRS, at least that of the on-demand DL PRS, should be defined in Rel-17.
Proposal 3: The SRS for POS coordination should be studied.
Proposal 4: Enhancement on E-CID positioning should be supported:
· Supporting E-CID based on RTT + UL-AoA measurements
· Supporting E-CID using Rel-16 DL/UL positioning reference signals 
Proposal 5: The methods and signaling for the estimation and compensation on the network synchronization errors should be investigated in Rel-17.
Proposal 6: The following should be supported for UE positioning in idle/inactive state:
· At least UE-based and UE-assisted DL positioning, and NW-assisted UL positioning should be supported
· DL PRS and UL SRS should be supported 
· RACH procedure (2-step and 4-step) should be supported 
· Configuration, activation, and triggering of UL SRS transmission in idle/inactive state should be supported
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