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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 this contribution, we provide our views 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 resource pattern
In Rel-16, in order to avoid the timing estimation ambiguity caused by the comb structure in the frequency domain, a staggering pattern is specified for DL PRS as follows:
	
	2 symbols
	4 symbols
	6 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1,0,1,0,1}

	Comb-4
	NA
	{0,2,1,3}
	NA
	{0,2,1,3,0,2,1,3,0,2,1,3}}

	Comb-6
	NA
	NA
	{0,3,1,4,2,5}
	{0,3,1,4,2,5,0,3,1,4,2,5}

	Comb-12
	NA
	NA
	NA
	{0,6,3,9,1,7,4,10,2,8,5,11}


In Rel-17, a more stringent positioning accuracy and latency requirements are identified for IIoT use cases. Considering a typical indoor factory scenario, the maximum propagation delay is limited and a non-ambiguity timing measurement search window can be pre-defined based on prior training and experience. Therefore, to reduce the DL PRS configuration overhead and measurement latency, the non-full staggering DL PRS resource patterns should be enhanced.
On the other hand, considering the localization of AGVs, which moving speed can be up to 30km/h, the comb size of DL PRS can be enhanced to support comb-1. The main reason is that, when compared to the specified comb size in Rel-16, comb-1 is more robust to the doppler shift caused by mobility.
Proposal 1: The following DL PRS enhancements should be considered:
· Non-full staggering DL PRS resource pattern
· Comb-N size enhancements
2.1.2 On-demand DL PRS
In Rel-16 positioning, the concept of on-demand resource allocations were agreed for the DL PRS design. However, due to the limited timing budget, no details were discussed and agreed. 
In general, the on-demand PRS can be alternatively configured by LMF and triggered by the UE. To be specific, when a network client requests a high accuracy and low latency positioning requirements, which cannot be satisfied by the periodically configured PRS resources, the LMF can additionally allocate on-demand PRS resources to meet the requirements. On the other hand, the UE itself should be able to request the network/serving cell to trigger on-demand PRS resources to improve the measurement quality and reduce signaling overhead. One possible solution to support the UE-triggered on demand PRS is shown in Figure 1.
[image: ]
Figure 1: Illustration with UE-triggered on demand PRS
The UE can report the resource indices along with the measurements through the physical-layer procedures, based on which the gNB decides to trigger the configuration of the on-demand DL PRS resources. For the transmission of the on-demand DL PRS, the gNB can use selected beams toward the UE to provide high positioning accuracy.
Proposal 2: NW-triggered and UE-triggered on-demand PRS configurations should be supported.
Proposal 3: NR positioning should support the physical-layer procedures to trigger the on-demand DL PRS configurations.
2.2 Enhancements on UL SRS for POS
2.2.1 SRS pos resource pattern
Similar to DL PRS, the Rel-16 SRS for pos is enhanced to support full staggering pattern:
	Number of symbols /
Comb size
	1
	2
	4
	8
	12

	Comb-2
	{0}
	{0, 1}
	{0, 1, 0, 1} 
	 N/A
	 N/A

	Comb-4
	N/A
	{0, 2}
	{0,2,1,3}, 
	{0,2,1,3, 0,2,1,3} 
	{0,2,1,3, 0,2,1,3} 

	Comb-8
	N/A
	N/A
	{0,4,2,6}
	{0,4,2,6,1,5,3,7}  
	{0,4,2,6,1,5,3,7}  


According to similar reasons raised in section 2.1.1, since considering the typical indoor factory scenario, the timing estimation ambiguity and the uplink link budget will not be a leading problem for the UL-based positioning, a non-full staggering pattern with 1 or 2 OFDM symbols should be supported.
Proposal 4: The non-full staggering UL SRS for pos resource pattern should be considered.
2.2.2 SRS pos collision rule
In Rel-16, the collision rule when the SRS for positioning collides with the PUSCH was discussed. Following the rule that the PUSCH always has higher priority, it was agreed that when collision happens, the symbols of the SRS for positioning will be dropped whatever the time domain resource types are. However, it should be noted that, in such a case, it leads to a transmission gap of the SRS for positioning, which would degrade the measurement accuracy. 
In Rel-16 maintenance phase, the collision rule, especially when the indicated low priority PUSCH collides with the AP SRS for pos, was raised and discussed. However, majority of companies prefer to postpone this issue in Rel-17. Considering the stringent accuracy and latency requirement of the Rel-17 IIoT use cases, the collision rule of PUSCH with AP SRS for pos should be re-considered.
Proposal 5: The collision rule of PUSCH and AP SRS for pos should be studied.
2.2.3 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 6: The SRS for POS coordination should be studied.
2.3 Positioning for UEs in idle/inactive state
In Rel-16 positioning study item phase, positioning for UEs in idle/inactive mode was raised and discussed by some companies [2]; however, this enhancement was not included in the work item phase. 
Note that without supporting the positioning for UEs in idle/inactive state, for a UE with positioning request, it has to frequently switch from idle/inactive mode to RRC_CONNECTED mode to detect RS and report measurements. In such a case, even if the UE has no data transmissions, it is mandatory to switch into connected mode and monitor PDCCH, which costs high power consumption and signalling overhead. Considering that the positioning enhancements in Rel-17 are for IIoT scenarios, where the reduction of the power consumption is a critical factor to extend the battery life of the industrial devices, positioning for UEs in idle/inactive mode should be supported.
To support positioning in idle/inactive state, both measuring and reporting in idle/inactive mode should be investigated. For the measurement procedure, in LTE Rel-14, the idle state positioning measurement has already been specified for NB-IoT, which can be used as a starting point in the study of positioning for UEs in idle/inactive mode in NR. On the other hand, for the measurement reporting, note that the Rel-15 IoT introduced an early data transmission (EDT) to reduced power consumption and latency, in our view, it is also a good starting point for the idle/inactive state positioning enhancements.
Proposal 7: Positioning for UEs in idle/inactive state should be supported. 
2.4 Enhancement on E-CID
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. In Rel-17, the enhanced E-CID positioning should be considered. 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.
Proposal 8: 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 
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the potential NR positioning enhancements, and the following proposals are provided:
Proposal 1: The following DL PRS enhancements should be considered:
· Non-full staggering DL PRS resource pattern
· Comb-N size enhancements
Proposal 2: NW-triggered and UE-triggered on demand PRS configurations should be supported.
Proposal 3: NR positioning should support the physical-layer procedures to trigger the on-demand DL PRS configurations.
Proposal 4: The non-full staggering UL SRS for pos resource pattern should be considered.
Proposal 5: The collision rule of PUSCH and AP SRS for pos should be studied.
Proposal 6: The SRS for POS coordination should be studied.
Proposal 7: Positioning for UEs in idle/inactive state should be supported. 
Proposal 8: 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 
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