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1. Introduction
SID of NR positioning enhancement [1] focuses on IIOT use cases and includes the following objective for RAN1:
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency. Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]


In this contribution, we present our views on potential enhancements on DL PRS, UL PRS and positioning measurements and procedures in Rel17 to address the positioning requirement for industry IOT use cases.
2. Requirements and Challenges
The objective for NR positioning enhancement is to address higher accuracy location requirements for new commercial applications and industry verticals.  TS22.661 specifies the high accuracy positioning requirement for 5G systems and performance requirements for various positioning service levels are provided. The performance requirement for 5G system can be as low as 0.2 meters positioning accuracy with 99% availability for indoor and outdoor use cases. TR 22.804 defines eight different scenarios for positioning requirement for industry IOT, which are listed in the following table:
Table 1: positioning requirement for IIOT use cases
	No.
	Scenario 
	Horizontal accuracy
	Availability
	Latency for position estimation of UE

	1
	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9%
	< 1 s

	2
	Mobile control panels with safety functions (non-danger zones 
	< 5 m
	90%
	< 5 s-

	3
	Augmented reality in smart factories 
	< 1 m
	99%
	< 15 ms

	4
	Process automation – plant asset management 
	< 1 m
	90%
	< 2 s

	5
	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems)) 

	< 30 cm (if supported by further sensors like camera, GNSS, IMU)
	99.9%
	10 ms

	6
	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	< 1 s

	7
	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	< 50 cm
	99%
	1 s

	8
	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	1 s



The performance requirement for NR positioning in industry IOT use cases has the following characteristics. It could be very high positioning accuracy requirement, in some future factory scenario, the positioning accuracy could be as low as 0.2 meters, which is much lower than what can be supported in release 16. Some service requires extra high arability 99.9%. In contrast, the design target in release 16 is 80% availability. Milliseconds-level requirement on latency for positioning: some service requires 10ms latency of positioning estimation.
In IIOT scenarios, we would meet the following factors that have negative impact on NR positioning performance. In indoor factory scenarios, multi-path is rich and the probability of NLOS is high. The NLOS could result in large error in timing estimation and angle estimation and thus cause big error in positioning estimation. The number of TPs is limited. Positioning estimation function is conducted by the location server which is usually located in the network side, which would obstruct further reduction in positioning latency.
Considering those performance requirement and design challenges, we shall consider the following enhancement for NR positioning: enhance positioning reference signal and NR positioning measurement to support higher accuracy in timing and angle estimation,  the method to minimize the impact of NLOS, enhancement of NR positioning in FR2 system to fully utilize the high bandwidth and high beamforming capability, UE-based positioning for low latency and methods to minimize the impact of TP synchronization errors.  
3. Enhancements for DL PRS
In rel16, the configuration of DL PRS resource is system-specific and the transmission of DL PRS resource is periodic. For each TRP, the system can configure up to two sets of DL PRS resources. The transmission parameters, for example bandwidth, transmission periodicity, QCL assumption (including the transmit beam direction) are statically configured. All the UE in the same serving cell measure the same sets of PRS resource for positioning. However, different UEs could have different requirement on the DL PRS resource transmission because they require different positioning accuracy, latency and they are located in different beam directions of the TRP. Thus a system-specific configuration and transmission of DL PRS resource cannot provide a good balance between the system resource efficiency and performance of positioning service. To resolve this issue, we shall support UE-specific DL PRS resource configuration and transmission. For each particular UE, the system can transmit DL PRS resources with configurations, for example transmission bandwidth, number of symbols, transmission periodicity, transmission duration and Tx beam directions, that are optimized according to the positioning requirement of that UE. 
Proposal 1: Study to support UE-specific configuration and transmission of DL PRS resource.
In rel16, the RE offset on each symbol within a DL PRS resource is determined by a RE offset configured to the first symbol and a pre-defined relative RE offset with respect to the first symbol.  One critical issue caused by this RE mapping method is two DL PRS resources with overlapping symbols and configured with different initial RE offsets could collide with same RE offset in one overlapped symbol.  The consequence is those two DL PRS resources would experience full interference from each other in that symbol, which are supposed to be orthogonal to each other because we configure different initial RE offset. The consequence is the number of orthogonal DL PRS resources are reduced. One example of PRS resource with Comb size 4 is used to illustrate that interference issue. Consider two DL PRS resources that partially overlap in time-domain. DL PRS resource #A is configured with Comb size = 4a and number of symbols = 4, initial RE offset = 0 and starting OFDM symbol = . DL PRS resource #B is configured with Comb size =4, number of symbols = 4, initial RE offset = 1 and starting OFDM symbol = .  Based on this configuration, we can observe that:
· The RE offsets for PRS resource #A on symbols  are 0, 2, 1, and 3.
· The RE offsets for PRS resource #B on symbols  are 1, 3, 2 and 0.
· We can observe that PRS resource #A and #B overlap on RE offset 2 on symbol .
· The consequence the capacity of PRS resources is reduced because the system cannot configure PRS resource #B with initial RE offset = 1 to avoid the interference on symbol 

Proposal 2: Study to enhance the RE mapping of DL PRS resource to resolve the interference issue and increase the capacity of DL PRS resource.
Muting DL PRS transmission is specified in rel16 and two modes of muting are supported. One mode is muting all the PRS resources in one PRS resource set in some periodic transmission instances. Another mode is muting one or more repetitions of all PRS resources in one PRS resource set in all the periodic transmission instances. Rel16 also supports configuring both modes, i.e., using the AND of two muting pattern bitmaps. The issue of the muting methods is the same muting pattern is always applied to all the PRS resources configured in one set. As we know, multiple DL PRS resources in one set are used to support Tx beam sweeping operation and the TRP can apply different Tx beams on different DL PRS resources in one set.  The purpose of muting PRS resource is to mute one PRS resource transmission temporarily so that the UE is able to receive other PRS resource transmitting on the same time and frequency resource. In multi-beam system, the PRS resources are highly beamformed. One UE does not receive all the PRS resource with good signal strength. Thus, for that UE, we do not need to mute the PRS resources transmitted with Tx beam not aligned with the UE, from which the UE only experiences weak signals. However, the muting methods supported in rel16 mute the transmission of all the PRS resources, i.e., all transmit beam directions, by the same means. That would cause waste of resource overhead used to transmit DL PRS and limit the flexibility of PRS transmission.  
Proposal 3: Study to support DL PRS resource-specific muting.

4. Enhancements for UL SRS
Uplink-based positioning method relies on the transmission of UL PRS. In rel16, we specified the SRS resource for positioning and the TRP measures UL-RTOA, gNB Rx-Tx time difference, RSRP and UL AoA from the SRS resource for positioning.  The SRS resource for positioning can be received by the serving cell or a non-serving cell. For the transmission of SRS for positioning, the UE can be configured with a pathloss reference signal that is targeted to a serving cell or non-serving cell. The pathloss RS can be SS/PBCH block or DL PRS of the serving cell or non-serving cell. For FR2 system, the SRS for positioning can be configured with a spatial relation info that provides the information for the UE to determine the spatial domain transmission filter (i.e., uplink Tx beam). The SRS resource for positioning is supposed to be received by neighbor cell, where the transmission distance is much larger than that of normal SRS resource. The uplink transmission is limited by UE Tx power and the transmission bandwidth of SRS resource for positioning is limited. Therefore, we need to enhance the SRS rescore for positioning to support higher bandwidth to improve the uplink positioning performance. One option to increase the bandwidth is to support frequency hopping in SRS for positioning, which is not supported in rel16. Another option to increase the bandwidth is to support larger value Comb size for SRS resource for positioning. 
Proposal 4: Study the enhancement of SRS resource for positioning to support larger transmission bandwdith, e.g., support frequency-hopping, larger Comb size. 

Power control is supported for SRS for positioning in rel16. The transmission of SRS for positioning targets to serving cell or non-serving cell. The path loss RS and spatial relation info configured to one SRS resource for positioning can be a DL RS from either serving cell or non-serving cell.  On issue in power control for SRS for positioning is the pathloss reference signal and power control parameters are configured per SRS resource set. And thus, all SRS resource for positioning in one same set uses the same path loss to calculate the transmit power. In contrast, different SRS resources in one same set might be sent towards to different neighbor cells or serving cell through configuring different spatial relation info. Configuring single power control parameters to all the SRS resources in one set obviously contradict with transmission according to configuration of spatial relation info. That issue shall be resolved. Another issue is only open-loop power control is supported for SRS for positioning. The UE determines transmit power for SRS for positioning only according to the path loss measured from a SS/PBCH or DL PRS from the serving cell or a non-serving cell. The transmission of SRS for positioning could be towards to a neighbor cell and thus the transmit power is generally larger than that of other uplink transmission. 
The issue in power control of SRS for positioning is we can only configure one path loss RS, which is from either a serving cell or a non-serving cell. But an SRS resource for positioning are generally received by more than one non-serving cells, which is an effective way to reduce the resource overhead for SRS for positioning and also reduce the power consumption of UEs. The current power control method does not efficiently support transmitting one same SRS resource for positioning to multiple cells and thus enhancement on SRS for positioning is needed. 
Proposal 5: Study the enhancement of uplink power control of SRS for positioning
· Support closed-loop power control on SRS for positioning.
· Support configuring power control parameter per SRS resource for positioning

In rel16, the RE offset on each symbol within an SRS resource for positioning is determined by a RE offset configured to the first symbol and a pre-defined relative RE offset with respect to the first symbol.  Same as we discuss in previous section on DL PRS, one issue of the RE mapping method is two SRS resources for positioning with overlapping symbols and configured with different initial RE offsets could collide with same RE offset in one overlapped symbol.  And thus, the consequence the capacity of orthogonal SRS resource for positioning is impaired. Therefore, we shall study new RE mapping method to resolve this issue for SRS resource for positioning.
Proposal 6: Study the enhancement of RE mapping of SRS resource for positioning to resolve the interference issue and increase the capacity of SRS resource for positioning.

5. Enhancements for Positioning Procedure
NR supports three RRC states: RRC_CONNECTED state, RRC_INACTIVE state and RRC_IDLE state. During RRC_INACTIVE states or RRC_IDLE state, the UE can save power. In rel16, the positioning function is supported only in RRC_CONNECTED state.  For a UE in RRC_INACTIVE state or RRC_IDLE state, if the UE needs positioning service, the UE would have to resume or re-establish the RRC connection so that the UE can measure DL PRS resource and report positioning measurement results or transmit SRS resource for positioning. That operation would significantly increase the UE power consumption and also cause signaling overhead and latency.   That would be a severe issue for a UE who does not need normal data transmission and thus no need to return to RRC_CONNECTED state. Therefore, supporting positioning in RRC_INACTIVE state and RRC_IDLE state is necessary for high UE efficiency and network efficiency.
For positioning in RRC_INACTIVE state or RRC_IDLE state, we shall consider the following aspects:
· The UE can transmit uplink positioning reference signals in RRC_INACTIVE state and RRC_IDLE state to support positioning measurement at the gNB. In rel16, SRS resource for positioning is transmitted towards to the serving cell or non-serving cell. In RRC_INACTIVE state and RRC_IDLE state, the transmission of SRS resource for positioning meets difficulty because time advance is not available. Transmitting SRS without applying proper TA would cause interference to other uplink transmission. Considering the transmit power of SRS for positioning is generally high so that it can reach neighbor cell, that issue would be more severe than other uplink signal if no proper TA is applied.  One feasible option for uplink PRS can be a RACH-like signal that does not need TA adjustment.
· The UE can measure the DL PRS resource for positioning measurement. In RRC_INACTIVE state or RRC_IDLE state, the UE can obtain the configuration of DL PRS resource from the system information and the UE can measure the DL PRS resource.
· The UE reports downlink positioning measurement results to the system. Positioning measurement reporting is carried in UE specific data transmission, which requires RRC connected state. However, for UE in RRC_INACTIVE state or RRC_IDLE state, returning to RRC_CONNECTED state for positioning measurement reporting would cause extra signaling overhead and large latency to positioning. It also increases the UE power consumption. Therefore, it is preferred to support a mechanism that the UE can report positioning measurements without resuming or re-establishing RRC connection. 
Proposal 7: Study to support positioning in RRC_INACTIVE state and RRC_IDLE state.
· Study measurement on DL PRS resource in RRC_INACTIVE and RRC _IDLE state.
· Study transmission of uplink PRS in RRC_INACTIVE state and RRC_IDLE state.
· Study the mechanism of positioning measurement reporting in RRC_INACTIVE state and RRC_IDLE state. 
The efficiency of beam sweeping operation on DL PRS resource specified in rel1 is low. As specified in rel16, each TRP can be configured with up to two sets of DL PRS resources and each set can contain multiple DL PRS resources. For FR2 system, transmit beam sweeping across DL PRS resources. One issue of the beam sweeping operation on DL PRS resource is the transmit beams are configured through a system specific manner and thus DL PRS resource is transmitted on all possible beam direction so that all the potential UE can be covered by the transmission of DL PRS resource. To fully cover the whole serving cell area with good signal quality, large number of DL PRS resources carrying narrow beams would be configured. The consequence is large amount of radio resource could be occupied by the DL PRS transmission. An example of beam sweeping issue is illustrated in Figure 1. In the example, a TRP is equipped with 4 wide beam and 12 narrow beams. That TRP can be configured with two set of PRS resource resources. The first set contain 4 DL PRS resource and each of the PRS resource corresponds to the Tx beams a1~a4.  The first set of DL PRS resource can provide basic coverage. The second set contains 12 DL PRS resource and each of the PRS resource corresponds to the narrow refined Tx beams b1~b2. To fully cover the serving cell area, there are totally 16 DL PRS resources. However, UE measuring DL PRS resource might exist in the area covered by only a few Tx beams. In the example of Figure 1, UE-A is in the area covered by Tx beams b2 and b3 and UE-B is in the area covered by Tx beams b11 and b12. Thus the transmission of DL PRS resources corresponding to Tx beams {b1, b4~b10} are not measured by any UE for positioning and they are just waste of radio resource. Therefore, it is preferred to improve the efficiency of multi-beam operation on DL PRS resource to increase the resource efficiency. One method is to support UE-specific beam indication.  One UE can be configured with PRS resources that is transmitted with only the Tx beams that points to the area where the UE is located within the serving cell.   
Proposal 8: Study to enhance the multi-beam operation on DL PRS resource and support UE-specific beam configuration.



Figure 1: example of beam sweeping of DL PRS resource

6. Conclusion
In this contribution, we presented our views on enhancements for NR positioning. Based on the discussion, the following proposals are provided:
Proposal 1: Study to support UE-specific configuration and transmission of DL PRS resource.
Proposal 2: Study to enhance the RE mapping of DL PRS resource to resolve the interference issue and increase the capacity of DL PRS resource.
Proposal 3: Study to support DL PRS resource-specific muting.
Proposal 4: Study the enhancement of SRS resource for positioning to support larger transmission bandwith, e.g., support frequency-hopping, larger Comb size. 
Proposal 5: Study the enhancement of uplink power control of SRS for positioning
· Support closed-loop power control on SRS for positioning.
· Support configuring power control parameter per SRS resource for positioning
Proposal 6: Study the enhancement of RE mapping of SRS resource for positioning to resolve the interference issue and increase the capacity of SRS resource for positioning.
Proposal 7: Study to support positioning in RRC_INACTIVE state and RRC_IDLE state.
· Study measurement on DL PRS resource in RRC_INACTIVE and RRC _IDLE state.
· Study transmission of uplink PRS in RRC_INACTIVE state and RRC_IDLE state.
· Study the mechanism of positioning measurement reporting in RRC_INACTIVE state and RRC_IDLE state. 
Proposal 8: Study to enhance the multi-beam operation on DL PRS resource and support UE-specific beam configuration.
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