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Introduction
In 3GPP RAN1#102e meeting, some potential NR positioning enhancements have been agreed to be studied in Rel-17 [1]. Although some research interests were discussed intensively, while due to the time limit, there are still some possible research directions beneficial for better positioning in terms of accuracy or latency. Therefore, in this contribution, we provide our views on some other potential positioning enhancements for Rel-17.
LOS & NLOS identification
In wireless positioning systems, positioning techniques based on measurements of angles and timings (or distances), usually assume the communication link has LOS path. However, due to multi-path signal propagation in wireless channel, radio signals usually reflect off various obstacles/reflectors without LOS path leading to non-line-of-sight (NLOS) communication links. Because of these phenomena, signal measurements associated with NLOS communication links do not correspond to actual distances and actual angles, which can significantly degrade positioning accuracy. 
Coherence bandwidth is a statistical measurement of the frequency range over which the communication link or channel can be considered flat, and is a metric used to define the impact of frequency selective fading. Small coherence bandwidth leads to strong frequency selective fading. In most of scenarios, the LOS component will dominate over other remaining paths because of small path loss experienced, which results in small frequency selective fading problem, in other words, corresponds to large coherence bandwidth. As a consequence, coherence bandwidth would be helpful assistance information for classification of LOS & NLOS communication links.
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Figure 1 CDF of positioning error
Figure 1 shows some evaluation results to verify the benefit of reporting coherence bandwidth. As can be observed from Figure 1, when positioning is done without assistance information, the positioning performance degrades rapidly for UEs connected with small LOS communication links. Then, if ideal classification of LOS and NLOS link is assumed, as can be seen from the figures, positioning accuracy is obviously improved. The blue lines are CDF curves of positioning error by using coherence bandwidth as assistance information, where positioning accuracy is largely improved compared to without assistance information. In a word, coherence bandwidth is a good metric to assist determination of LOS & NLOS communication links. More detailed evaluation results can refer to our companion contribution [2].
Proposal 1: Study mechanisms to assist determination of LOS & NLOS communication links. For example, coherence bandwidth can be attached in positioning measurement report.
RS enhancements
Increase capacity
In NR Rel-16, new RS has been designed for positioning purpose. In massive terminal scenarios ( e.g. plant asset management in IIOT scenario), network may need to allocate many PRS resources to terminals, so it’s hard to ensure all PRS resources will be orthogonal in time and frequency domain. Thus, how to increase PRS capacity is a practical problem to be addressed. As we know, orthogonal cover code (OCC) has been widely applied to avoid interference on different antenna ports. The OCC can also be introduced for PRS, some basic benefits can be,
· PRS from different TRPs can fully overlap without the need of PRS muting.
· Larger multiplexing factor in some cases.
· [bookmark: OLE_LINK2]More processing gain because of higher PRS density.
For instance, the following figure on the left shows one of the comb-2 4-symbol pattern as defined in Rel-16 for DL PRS, where the last two symbols are the repetition of first two symbols. This kind of design reduces PRS capacity, and also combination gain of different repetitions may not always be observed because of channel variation. While the figure on the right is an example of TD-OCC for comb-2 4-symbol pattern, as an example, two resource elements inside the oval will be assigned with length-2 TD-OCC. As can be seen from the figures, both patterns occupy the same total number of RE, the power boosting may be the same for two patterns in low channel variation scenario. However, the comb-2 DL PRS with length-2 TD-OCC can support 2 PRS multiplexing factors at the same physical resources, which allows at least two fully overlapped PRS to be received at the same time-frequency resources.
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Figure 2 comb-2 4-symbol DL PRS vs comb-2 DL PRS with length-2 TD-OCC
[bookmark: OLE_LINK3]Proposal 2: To increase PRS capacity, orthogonal cover code (OCC) for positioning reference signals can be introduced especially for PRS patterns with time domain repetition.
Collision problem
In current design of PRS, the resource element (RE) occupation within the resource blocks is determined by following parameters for a PRS resource,
· the starting symbol of a PRS resource within a slot, denoted by “L” in this contribution.
· the number of symbols per PRS resource within a slot, denoted by “N” in this contribution.
· the resource element spacing in each symbol of the PRS resource (i.e. Comb size), denoted by “C” in this contribution.
· the Resource element (RE) offset in the frequency domain for the first symbol in a PRS resource, denoted by “K” in this contribution.
· the relative RE offsets of all symbols that are defined relative to the RE Offset in the frequency domain of the first symbol in a PRS resource, denoted by “S” in this contribution.
If we consider a UL PRS resource with following configurations, L=0; N=8; C=4; K=0. So the sequence for relative RE offset is S={0,2,1,3, 0,2,1,3}, the resource element (RE) occupation within the resource blocks for this UL PRS resource is as shown in Figure 3.
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Figure 3 RE mapping pattern when L=0
The current design of PRS pattern is to ensure that the PRS can be uniformly distributed in frequency domain among different symbols. However, such pattern may also cause severe collision problem if different PRS resources are configured with different starting symbol. For example, when starting symbol is the second symbol within a slot, there are four different patterns corresponding to different configurations of K in Figure 4. The mapped resource elements that interfere with mapped resource elements in Figure 3 are marked with ‘X’. As can be observed from the figure, where some of PRS patterns (i.e., when K=1, 2, 3) collide or interfere with the PRS pattern in Figure 3 in some mapped resource elements, which will strongly lead to performance degradation.
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Figure 4 RE mapping patterns when L=1
Although the following agreement for addressing potential time-domain aliasing due to the partial/non-staggering RE mapping was agreed in last meeting. While the collision/interference problem caused by different starting symbol configuration should also be studied for full-staggering RE mapping, UL PRS and DL PRS.
	Partial staggering and non-staggering RE mapping of SRS for positioning with different combinations of comb-factors and symbol lengths will be investigated in Rel-17.
· The methods/signalling for addressing potential time-domain aliasing due to the partial/non-staggering RE mapping will be included in the study


Proposal 3: New method (e.g. new relative RE offsets) should be studied to reduce/mitigate the collision problem caused by different starting symbol configuration of PRS resources. The method should at least be applicable to full-staggering RE mapping, UL PRS and DL PRS.
Network calibration
As we all know, TDOA method requires tight synchronization between positioning nodes. But practically, it’s hard to ensure precise timing alignment between positioning nodes by current techniques, e.g. time service provided by GNSS. Moreover, the clock drift is another cause for synchronization errors. 
Therefore, synchronization calibration between positioning nodes might be necessary to further improve positioning accuracy in Rel-17. As an instance, the network can configure a positioning node to be an anchor node and enable measurements between any of other positioning nodes and this anchor node. Figure 5 illuminates a measurement procedure on anchor node and positioning nodes, i.e. the anchor node measures the RSTD value based on RS1 and RS2, then transmits the measurement for use in schedule entity on synchronization offset compensation.
Proposal 4: Enable network measurement to calibrate synchronization offset, e.g. support RSTD measurement between positioning nodes.



Figure 5 network calibration procedure
Prior channel information
In existing techniques, there are time and angle based methods for positioning a mobile terminal, such as time of arrival (TOA), receive signal time difference (RSTD), Multi round-trip-time (Multi-RTT), angle of departure (AOD) and angle of arrival (AOA). However, performance of the aforementioned approaches largely depends on whether links (e.g. channels) of the mobile terminal being line-of-sight (LOS) links. When the probability of the links of the mobile being the LOS links is low, the performance of the aforementioned approaches is downgraded. In addition, characteristics of the links of the mobile terminal may be so complex that it’s hard for the mobile terminal to get enough information simply from receiving reference signals.
Therefore, it would be better for UE to have some prior channel information, which might be useful for UE to estimate/predict channel characteristics. The possible usages of priori channel information may be,
· Serve as fingerprint (e.g. RSRP) to estimate the coarse location of UE. 
· Identify LOS and NLOS link (e.g. the PDF of Rician K-factor, because the Rician K-factor of LOS link is normally larger than NLOS link).
We have conducted some preliminary simulations to investigate prior channel information. Details can be seen in our companion contribution [3].
Proposal 5: Network can deliver some prior channel information to UE, the information will assist UE to perform better positioning.
Conclusions
In this contribution, we discuss potential positioning enhancements. Based on the discussion, we have the following observations and proposals,
Proposal 1: Study mechanisms to assist determination of LOS & NLOS communication links. For example, coherence bandwidth can be attached in positioning measurement report.
Proposal 2: To increase PRS capacity, orthogonal cover code (OCC) for positioning reference signals can be introduced especially for PRS patterns with time domain repetition.
Proposal 3: New method (e.g. new relative RE offsets) should be studied to reduce/mitigate the collision problem caused by different starting symbol configuration of PRS resources. The method should at least be applicable to full-staggering RE mapping, UL PRS and DL PRS.
Proposal 4: Enable network measurement to calibrate synchronization offset, e.g. support RSTD measurement between positioning nodes.
Proposal 5: Network can deliver some prior channel information to UE, the information will assist UE to perform better positioning.
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