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Introduction
[bookmark: _Hlk534987484]The Rel 16 study item on NR positioning aims at different types of use cases, including both regulatory and commercial use cases. The study item description [1] defines the objectives, including the following for the potential solutions:
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.
Furthermore, during the RAN1#95 meeting [2], it was agreed to focus on the following uplink techniques and candidate reference signals:
	Agreement:
The following candidate techniques are considered for study of UL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques

Agreement:
The following candidate reference signals were identified for UL positioning evaluation and are to be further studied
· NR PRACH
· NR SRS
· NR UL DMRS
· NR UL PTRS
· New UL positioning reference signals (UL PRS)




In a previous contribution during RAN1#95, we presented our view on uplink solutions for NR positioning. In this paper, we discuss uplink reference signals, measurements and positioning solutions.
[bookmark: _Hlk534987591]Candidate uplink positioning methods
[bookmark: _Hlk534987509]Timing based positioning methods 
Wideband uplink signals enable accurate measurements of uplink time of arrival (TOA). The device position can be estimated by measuring uplink TOA at several reception points, and processing the measurements at a central location such as the location server. The unknown parameters include the coordinates of the device as well as the transmission time of the uplink signal transmission. A popular means to marginalize the transmission time is to form relative differences of pairs of TOAs, to form uplink time difference of arrival data, typically by subtracting the uplink TOA of a reference reception point from the uplink TOA of all other reception points.
Angle-based positioning methods
The wideband uplink signals also enable accurate measurements of angle of arrival (AoA) in the uplink, typically by exploiting the multiple antenna elements in a reception point. Either, the uplink reception is pre-coded to form fixed analog beams, or the per element received signal is digitally processed to enable direct AoA estimation if the antenna array is calibrated and phase differences are known/estimated.
 It is also theoretically possible to consider estimated uplink angle of departure (AoD) from the device. However, this has the inherent problem that the UE orientation, as defined by e.g. two angles, is typically unknown. This means that the knowledge of the uplink angle of departure towards one single gNB is useless. Already the uplink angle of arrival towards two different gNBs does, however, convey useful information in the form of the angle between the departure rays towards the two gNBs.
Carrier-phase measurement based positioning methods
Part of the receiver chain will track the uplink signal carrier phase, which means that it is possible for an uplink reception point to maintain and track the uplink carrier phase. By estimating the carrier phase at several reception points it is theoretically possible to exploit this for positioning, provided that the different reception points are aligned with a common carrier phase reference. This is something that needs to be further assessed for feasibility.
Received reference signal power based positioning methods
The uplink received signal power can be separated into a transmitter antenna gain, a spatially correlated distance dependent path loss and a receiver antenna gain. Assuming that the antenna gains can be estimated and the transmission power is known at some reference distance (typically at the device location), then it could be possible to estimate the distance to the device based on an assumption of a distant dependent log-normal path loss. However, the device power is adapted to avoid near-far effects which means that the power is not known. It is theoretically possible to use some power headroom reports from the device.
Summary of uplink positioning methods
Given the analysis above, it can be concluded that uplink AoD, uplink carrier phase measurements and uplink received reference signal power positioning methods all are not expected to bring obvious benefits, and shall be down-prioritized in the study item
[bookmark: _Toc534988042]Down-prioritize positioning methods based on uplink AoD, carrier phase measurements and received reference signal power measurements in the study item.
Uplink AoA and time based positioning seem promising and shall be studied in the study item.
[bookmark: _Toc534988043]Focus on positioning methods based on uplink AoA and TOA measurements in the study item.
[bookmark: _Hlk534987605]Candidate uplink reference signals
[bookmark: _Hlk534987617]NR SRS
SRS Signal configuration
Uplink Sounding Reference Signals (SRS) is currently the main reference signal transmitted by the UE. We propose to use it as a baseline signal for evaluating uplink-based positioning methods. 
SRS is the UE specifically-configured uplink signal. In time domain configuration, SRS can be configured for 1, 2, 3 or 4 symbols within the last 6 symbols of a slot. Typically, the slots can be transmitted with multiple periodicity, 1, 2, 4, 5, 10, 20, 40, 80, 160, 320, 640, 1280 or 2560 slots. All slot offsets are supported for a given periodicity value. SRS can be configured aperiodically as well. It can also support semi-persistent transmission, i.e., periodic until further notice. 
In frequency domain, SRS can support up to 272 PRBs, nearly maximum bandwidth supported in NR, which is a useful feature for uplink-based positioning. Hence, SRS is flexible and can be configured with different bandwidth, symbol density, periodicity, etc.
An SRS resource set can be configured as a collection of SRS resources with different comb size, comb offset, number of symbols, frequency allocation and repetition factor.  Thus, it is possible to create SRS transmission patterns suitable for positioning. For example, the pattern in figure 1 can be used to utilize the full frequency band at full power utilization and allow for multiplexing of several UEs over one symbol.  If latency allows, several SRS transmission occasions can be used to build a more robust sequence taking advantage of the possibility of e.g. using repetitions of SRS. 
Another way to implement a pattern enabling at once user multiplexing as well as full range TOA estimation is to use frequency hopping. In this case, the staggered pattern sweeping the SRS bandwidth is not a collection of sparse symbol but instead uses blocks of PRBs that the user transmits in sequence. Inter as well as intra-slot hopping is possible, with repetition always preceding the hopping pattern, if configured. An example is shown in figure 2. 
In terms of UE multiplexing, SRS can be transmitted with different comb offsets and cyclic shifts to allow up to UEs to be multiplexed, where  is the comb factor and is the maximum number of cyclic shifts available for that comb factor (12 for comb 2, 8 for comb 4).  UEs can also be multiplexed using different slot offset if SRS is configured to transmit periodically or semi-persistently. For comparison, a 20ms SRS period (same as TRS periodicity) with comb 4 would allow 720 UEs to be multiplexed (20 SRS occasions, 8 cyclic shifts, 4 comb offsets). 160ms periodicity (same as LTE PRS) would allow 5120 UEs to be multiplexed at most. 
[image: ]
Figure 1 illustration of a a resource block  in a SRS resource set configured for UL Positioning. 4 resources with 1 symbol and staggered comb offsets in each resources.
[image: ]
Figure 2 SRS resource set configured for UL Positioning. 2 resources with 4 symbol and frequency hopping in each resource.
[bookmark: _Toc528933417][bookmark: _Toc528937763][bookmark: _Toc528938396][bookmark: _Toc534979445][bookmark: _Toc534988041]It is feasible to use SRS for positioning purposes. Slot offset and comb offset can be used for orthogonality between UEs. Power boosting can be used to allow full power utilization
Proposed SRS and evaluation
The SRS was evaluated using 4 symbols in a slot, comb factor 4 and with the staggered comb offset in each symbol as shown in figure 1.  this configuration allows multiplexing of UEs over combs as well as cyclic shifts, allowing a total amount of 32 UEs to share the SRS time resources (8 cyclic shifts, 4 comb offsets). In the following evaluation, UL interference between UEs is not taken into account, i.e. the UE uplinks are assumed to be ideally aligned. 
Table 1 SRS parameters for evaluation
	
	Pattern A (see figure 1)

	Bandwidth
	 Maximum Bandwidth, 272 PRBs

	Numerology
	15Khz in FR1, 120KHz in FR2

	Comb factor
	4

	Repetition factor
	1 (no repetitions)

	Comb offsets
	Different over each symbol

	Frequency Hopping pattern
	No hopping 

	No. of symbols
	4

	Slot periodicity
	20ms, 1 slot

	SRS ports
	1


NR PRACH
The NR PRACH is designed with properties suitable for a signal to be received without being time aligned with other uplink signals in the same cell. It is used today to estimate the initial uplink TOA to initiate the uplink time alignment procedure. It can also be triggered by a serving base station upon request, for example when an uplink TOA estimate is needed. 
NR UL DMRS
The obvious and serious drawback with DMRS is that it is only transmitted together with data while the main benefit is that it is anyway transmitted and thus comes for free. It is used today to estimate the uplink TOA to feed the uplink time alignment procedure.
NR UL PTRS
The obvious and serious drawback with PTRS is that it is only transmitted together with data while the main benefit is that it is anyway transmitted and thus comes for free.
Summary
Given the discussion about the different existing NR uplink signals, it is clear that the uplink SRS is the uplink signal that can be the most flexibly configured. Therefore, it is reasonable to focus the uplink signal part of the study on comparing different SRS configurations.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc534988044]Focus the uplink signal evaluation part of the study item to different configurations of NR SRS.
Conclusion
In the previous sections we made the following observations: 
Observation 1	It is feasible to use SRS for positioning purposes. Slot offset and comb offset can be used for orthogonality between UEs. Powerboosting can be used to allow full power utilization
Based on the discussion in the previous sections we propose the following:
Proposal 1	Down-prioritize positioning methods based on uplink AoD, carrier phase measurements and received reference signal power measurements in the study item.
Proposal 2	Focus on positioning methods based on uplink AoA and TOA measurements in the study item.
Proposal 3	Focus the uplink signal evaluation part of the study item to different configurations of NR SRS.
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