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1 Background
At RAN1#103-e, the Study Item on NR Positioning Enhancements [1] was completed from RAN1 perspective with the recommendation to proceed with normative work. The results and conclusions of this study were summarized in TR 38.857 [2] and covers the enhancements and solutions necessary to support the high accuracy, low latency, network and device efficiency requirements for commercial uses cases (incl. general commercial use cases and specifically IIoT use cases). The enhancements directly recommended for normative work can be summarized as follows [2]:
(a)	Positioning of UEs in RRC_INACTIVE state (in addition, from a physical layer perspective, performing DL positioning measurements in RRC_IDLE state is feasible).
(b)	On-demand transmission and reception of DL-PRS (LMF and UE initiated).
(c)	Enhancements to mitigate UE and gNB RX/TX timing errors.
(d)	Enhancements for improving accuracy of UL-AoA and DL-AoD positioning methods.
(e)	Enhancements for reducing NR positioning latency, including  aspects related to measurement gaps, measurement time, and measurement request and reporting.
The following enhancements were considered beneficial and are recommended to be further studied and, if agreed, specified during normative work [2]:
(f)	DL-PRS and UL-SRS aggregation for intra-band contiguous CA.
(g)	Enhancements of information reporting to support multipath/NLOS mitigation.
(h)	Aperiodic reception of DL-PRS (DCI triggered).
(i)	Semipersistent reception of DL-PRS (MAC-CE activated).
(j)	Enhancements required to reduce latency related to the request/response of assistance data and the reception of DL-PRS.
In this contribution, we provide our view on the work item scope for NR Positioning Enhancements in Rel-17.  
2 Proposed Work Item Scope
At this stage, the proposed work item scope can only consider the recommendations from RAN1 as summarized in section 1 above, since RAN2 hasn't completed the study yet. It is expected that any Work Item Description on NR Positioning Enhancements will require an update after RAN2 completed the study (e.g., at RAN#91). 
The RAN1 Study Item recommendations summarized in section 1 above can be grouped according to the KPIs considered during the study for supporting the commercial use cases (i.e., high accuracy, low latency, improved network and device efficiency [1]) as summarized below.
2.1	Enhancements to support high accuracy positioning
The RAN1 recommendations (c), (d), (f), and (g) listed in section 1 are expected to improve the positioning accuracy:
(c)	Enhancements to mitigate UE and gNB RX/TX timing errors.
	This includes methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of UE and gNB Rx/Tx timing delays for DL-TDOA, UL-TDOA, and Multi-RTT positioning methods.
(d)	Enhancements for improving accuracy of UL-AoA and DL-AoD positioning methods.
	This includes procedures, measurements, and reporting for improving the accuracy of UL-AoA and DL-AoD positioning methods.
(f)	DL-PRS and UL-SRS aggregation for intra-band contiguous CA.
	This includes 
-	the simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous Positioning Frequency layer, and
-	the simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers.
(g)	Enhancements of information reporting to support multipath/NLOS mitigation.
	The information associated with multi-path may include LOS/NLOS identification, time of arrival of the multi-path components, power delay profiles, angle, polarization information, coherence bandwidth, etc.
From the four items summarized above, we observe that items (c), (d) and (g) are essentially a continuation of the Rel-16 positioning features which primarily require additional measurement related reporting and/or assistance data elements. However, item (f) would more fundamentally improve the positioning accuracy for all timing based methods. It is well known that increasing the bandwidth of the positioning reference signals will result in improved timing resolution and measurement SNR. E.g., dedicated (non-3GPP based) positioning systems for indoor/IIoT applications often exploit Ultra-Wide-Band (UWB) signals for positioning measurements, typically in unlicensed spectrum. Supporting carrier aggregation of positioning reference signals would similarly result in wide band positioning reference signals for the 3GPP defined NR positioning technologies, and therefore, in increased accuracy for timing based methods as shown in Annex A.  
Therefore, to support high accuracy positioning, the following work item objective is proposed. 
	Proposal 1: 
Specify the methods, measurements, signaling and procedures for improving positioning accuracy: 
-	by mitigating UE and gNB Rx/Tx timing delays; including DL, UL, DL+UL positioning methods for UE-based and UE-assisted positioning; 
-	of UL AoA for network-based positioning and DL-AoD for UE-based and network-based (including UE-assisted) positioning.
-	Study and, if agreed, specify 
-	enhancements of simultaneous transmission and aggregated reception: 
(a)	simultaneous transmission by the gNB and aggregated reception by the UE of DL PRS for positioning for one or more contiguous carriers in one or more contiguous Positioning Frequency Layers;
(b)	simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers. 
-	enhancements of information reporting from UE and gNB for multipath/NLOS mitigation.



2.2	Enhancements to support low latency positioning
The RAN1 recommendations (e), (h), (i), and (j) listed in section 1 are expected to reduce the positioning latency:
(e)	Enhancements for reducing NR positioning latency, including aspects related to measurement gaps, measurement time, and measurement request and reporting.
(h)	Aperiodic reception of DL-PRS (DCI triggered).
(i)	Semipersistent reception of DL-PRS (MAC-CE activated).
(j)	Enhancements required to reduce latency related to the request/response of assistance data and the reception of DL-PRS.
Most of the end-to-end latency contribution is related to the positioning architecture, signaling and procedures, which should be investigated by RAN2 [3]. Additional work item objectives related to the support of low-latency positioning are expected from RAN2 once the study in RAN2 has been completed.
From a RAN1 perspective, the following conclusion was made at RAN1#103 [4] with respect to the physical layer processing of DL PRS:
Conclusion:
Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings
· Note: The following assumptions are made
· One DL PRS frequency layer in FR1
· CSSF = 1
· NRxBeam, i = 1, 
· Nsample = 4 (DL PRS RSTD measurements are done across 4 DL PRS periods)
· Both DL PRS periodicity and MGRP are equal to 20ms
· Configured DL PRS resources are within UE DL PRS processing capacity (N,T) = (0.5ms, 8ms)

From the above conclusion, it can be observed that if Rel-17 enables single-PRS-instance processing (instead of Nsample=4) without the Rel-16 measurement gap constraints (20ms), and under the assumption of either a DCI-triggered PRS or a PRS with lower periodicity (e.g., 4 msec already supported in NR Rel-16), the best-case PHY-layer processing latency of DL-PRS can reduce from 88.5 msec to less than 10 msec. 
Therefore, most of the PHY-layer latency improvements can be achieved by a relatively small set of PHY-layer enhancements related to
-	decoupling the PRS processing from the measurement gap periodicity to remove the measurement gap  alignment time;
-	introducing DCI-triggered PRS to minimize the DL-PRS alignment time;
-	specifying single-instance positioning measurements.
Therefore, we propose the RAN1 focus for low-latency positioning should be on items (e) and (h) above. Enhancements related to measurement request/response or delivery of assistance data etc. should be investigated and concluded by RAN2.
Therefore, to support low-latency positioning on the PHY layer, the following work item objective is proposed.
	Proposal 2:
Specify the enhancements and procedures for reducing positioning PHY latency for DL and DL+UL positioning methods related to 
· measurement gap and measurement time;
· study and, if agreed, specify DCI-triggered aperiodic DL PRS reception.



2.2	Enhancements to improve positioning network and device efficiency 
The RAN1 recommendations (a) and (b) listed in section 1 are expected to improve network and device efficiency for positioning:
(a)	Positioning of UEs in RRC_INACTIVE state (in addition, from a physical layer perspective, performing DL positioning measurements in RRC_IDLE state is feasible).
(b)	On-demand transmission and reception of DL-PRS (LMF and UE initiated).
We note that items (a) and (b) above are also discussed in RAN2 [5]. We believe that most of the work and specification impacts to support items (a) and (b) above will be in RAN2's domain. However, some RAN1 impacts are expected to support positioning measurements in idle/inactive state, in particular related to UL and UL+DL positioning methods. For the on-demand transmission and reception of DL-PRS, the RAN1 impacts may be limited to the specification of DL-PRS parameter which can be recommended by the UE and LMF on-demand. 
Therefore, to improve network and device efficiency for positioning the following work item objective is proposed. 
	Proposal 3:
Specify methods, measurements, signaling and procedures for improving network and device efficiency:
-	specify support for DL, UL, DL+UL positioning for UEs in RRC_INACTIVE state, including UE-based and UE-assisted modes, incl.
-	UE/gNB positioning measurements, UL reference signals, configuration of the DL-PRS and UL reference signals for positioning;
-	specify DL positioning measurements for UEs in RRC_IDLE state.
-	specify LMF and UE initiated on-demand transmission and reception of DL-PRS.



3 Summary
In this contribution, we provided our view on the RAN1 scope of a NR Positioning Enhancements Work Item for Rel-17. The following Work Item Objectives are proposed.
1. Specify the methods, measurements, signaling and procedures for improving positioning accuracy: 
-	by mitigating UE and gNB Rx/Tx timing delays; including DL, UL, DL+UL positioning methods for UE-based and UE-assisted positioning; 
-	of UL AoA for network-based positioning and DL-AoD for UE-based and network-based (including UE-assisted) positioning.
-	Study and, if agreed, specify 
-	enhancements of simultaneous transmission and aggregated reception: 
(a)	simultaneous transmission by the gNB and aggregated reception by the UE of DL PRS for positioning for one or more contiguous carriers in one or more contiguous Positioning Frequency Layers;
(b)	simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers. 
-	enhancements of information reporting from UE and gNB for multipath/NLOS mitigation.
2. Specify the enhancements and procedures for reducing positioning PHY latency for DL and DL+UL positioning methods related to 
-	measurement gap and measurement time;
-	study and, if agreed, specify DCI-triggered aperiodic DL PRS reception.
3. Specify methods, measurements, signaling and procedures for improving network and device efficiency:
-	specify support for DL, UL, DL+UL positioning for UEs in RRC_INACTIVE state, including UE-based and UE-assisted modes, incl.
-	UE/gNB positioning measurements, UL reference signals, configuration of the DL-PRS and UL reference signals for positioning;
-	specify DL positioning measurements for UEs in RRC_IDLE state.
-	specify LMF and UE initiated on-demand transmission and reception of DL-PRS.

References
[1]	RP-202094, "Revised SID: Study on NR Positioning Enhancements".
[2]	R1-2009745, "3GPP TR 38.857 V0.3.0: Study on NR Positioning Enhancements".
[3]	R1-2009605, "Reply LS on Latency of NR Positioning Protocols", RAN2.
[4]	3GPP TSG RAN WG1 Meeting #103-e, "RAN1 Chairman’s Notes".
[5]	RP-202718, "Status Report to TSG: NR Positioning Enhancements".

Annex A:	Discussion on the PRS Aggregation for Intra-		band Contiguous CA
It is well known that for positioning methods that utilize timing information (e.g. DL-TDOA, UL-TDOA, Multi-RTT), having a larger measurement bandwidth directly translates to a higher TOA estimation accuracy, especially in scenarios with medium to high geometries (e.g. as in an stadiums, establishments such as malls, conference centres, hotels, in an industrial/manufacturing plants etc). 
In NR Rel-16, a maximum bandwidth of 272 PRBs within a frequency layer has been specified. At the same time, up to 4 frequency layers can be configured, each one being on a same or different band. However, there is no signalling or specification support for a UE to receive multiple frequency layers and coherently process the multiple frequency layers to increase the effective bandwidth of the received PRS. Introducing such signalling, would enable a UE to perform DL PRS measurements or a gNB to perform UL SRS measurements on the combined bandwidth and increase further the performance. 
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Figure 1: PRS with frequency aggregation
Considering the abundant spectrum available in both licensed and unlicensed bands, both in FR1 and FR2 (and extended FR2 bands) it would be beneficial for accuracy if those resources can be exploited for positioning. After extensive discussion, RAN1 concluded that aggregating BW can improve positioning accuracy under some deployment configurations. 
	Aggregation of NR positioning frequency layers for improving positioning accuracy were investigated. Evaluation results show that aggregation of NR positioning frequency layers improves positioning accuracy under certain scenarios, configurations, and assumptions on modelled impairments as outlined in Section [8.4 in [2]].



In specific, it was identified that transmission timing alignment and phase alignment between the component carriers would enable reaping the accuracy benefits. 
1. For the intra-band contiguous scenario, with the same RF-front end being used for all carriers, such timing and phase alignment may be already available or easily attainable.
2. For other scenarios, especially when different RF-front ends are used for different carriers, enhanced processing algorithms may recover a large fraction of the performance gains obtained under ideal conditions. Fig. 2 shows some results with timing & phase errors. 
To identify details of these additional scenarios & configurations where gains may be achieved, further discussion may be beneficial in RAN1 & RAN4. While RAN1/RAN2 consider the RAN and upper layer specification impacts, RAN4 can work on identifying potential spectrum bands and deployment configurations where this feature would be most beneficial. 
The SI conclusion thus focuses on the scenario with intra-band contiguous carriers, wherein timing and phase alignment can be readily achievable. 

 [image: ]
Figure 2: Performance for intra-band contiguous aggregation in FR1 with phase error for the Indoor-SH scenario. The gap between the 2 carriers is just zero-padded to utilize existing algorithms with a larger BW (i.e. we do not consider any algorithmic enhancements including explicit phase compensation methods).
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Figure 3: Performance for intra-band contiguous aggregation in FR2 with phase error for the Indoor-SH scenario. (No  gap is modeled between the 2 carriers).
As an analogy, consider the case of network synchronization and its impact on TDOA performance: TDOA has been specified without any network synchronization requirements within 3GPP specifications, even though it is well known that commercial accuracy requirements cannot be met without strict synchronization. Similarly, with regards to PRS aggregation, while practical impairments in complex scenarios may need enhanced algorithms to achieve gains over individual processing of each carrier, it is undisputable that at least in the synchronized scenario, one can obtain substantial gains by joint processing across carriers. 
Finally, we note that competing technologies that offer positioning service support accurate positioning with much higher BWs. For example, WiFi 6 can utilize up to 160MHz BW and it is expected that WiFi 7 will increase the supported BW to 320MHz. Commercially available UWB based positioning utilizes at least 500MHz BW and higher in some scenarios. For NR to offer competing positioning service, aggregating multiple frequencies to increase the effective BW can go a long way.
Observation 1: DL and UL PRS aggregation for intra-band contiguous scenarios will increase the maximum advertised BW that NR positioning technologies would support, making NR competitive with other commercially available technologies. 
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