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In the revised WID for Rel-14 NB-IoT enhancements, positioning based on OTDOA and UTDOA is to be introduced under certain conditions [1]:
Positioning:
· OTDOA is supported
· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB
· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact
· UTDOA positioning is supported under the following conditions:
· It uses an existing NB-IoT transmission
· It can be used by Rel-13 UEs
· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1
· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification
The justification in the WID includes the following, so that RAN and the industry are told that NB-IoT is being enhanced to make it adaptable to a rapidly-growing and unpredictably-changing M2M marketplace:
“The market for machine communications is now much in demand from operators and governments and reflects the rapid spread and high ambitions for connecting large numbers of such devices with the advantages of cellular networks. As a result, it is timely to provide further enhancements to NB-IoT to ensure network deployments are ready to respond quickly as the machine market grows and diversifies.”
Having an adaptable technology is good for 3GPP to compete with proprietary and non-cellular competitors, and with this motivation in mind, it is worth re-iterating the principal motivation for having both OTDOA and UTDOA in the WID. It is that UEs with OTDOA support will be available later, once Rel-14 devices come to deployment, whilst UTDOA can be made available earlier and transparently to already-deployed Rel-13 UEs with no changes to RAN1/RAN2 specifications.
The WID and RAN1 status are quite clear: there is no down-selection to perform between UTDOA and OTDOA. Both are supported in Rel-14, and for UTDOA, RAN1 identified in August the best existing signal to be used by Rel-13 UEs. Work should proceed in the relevant WGs as there is no need or consensus to stop work on either OTDOA or UTDOA. Both could possibly be considered ‘verified’ from a RAN1 perspective as in some scenarios and configurations they have a useful positioning accuracy, so final CRs from RAN3/4 can be approved once they are available. However, even if there is no agreement on validation now, work should still continue in RAN3/4 on both techniques.
This paper explains in more detail the current situation in RAN1, and why UTDOA can be considered verified from a RAN1 perspective.
[bookmark: _GoBack]Discussion
1.1 RAN1 background
For OTDOA, RAN1 has almost completed the physical layer design. However, there is not an explicit statement in the minutes of a RAN1 meeting regarding accuracy, complexity, UE power consumption, and performance.
For UTDOA, RAN1#86bis, RAN1 discussed a number of input papers covering diverse views and reached the following conclusions:
Conclusions:
· Rel-13 NPRACH preamble is the best candidate and can be used as a signal for NB-IoT UTDOA in some scenarios.
· Whether it is feasible in a given network deployment depends on issues including network coordination, interference handling, power control, in-band emissions, capacity impacts, etc.
· Companies are encouraged to identify in RAN1#87 scenarios where it is and is not feasible
It is important to understand the basis for this conclusion. Firstly, there are other UL signals the network could use for positioning, such as NPUSCH or the UL narrowband DM-RS, and such signals were found to be useful during the development of LTE UTDOA, before eventually settling on SRS. The SRS are designed primarily for channel sounding, and used particularly in reciprocal TDD systems, but still the best candidate for UTDOA. For NB-IoT, there is no SRS, but NPRACH is designed to provide good timing information in deep coverage; so although NPRACH has another primary purpose, there is the conclusion it is the best signal for UTDOA. Secondly, NPRACH can be triggered by NPDCCH order. In Rel-13, enhancements were agreed in the final stages before the specification freeze, with the motivation to provide functionality useful for UL positioning. Specifically, an NDCCH order includes the exact starting subcarrier the UE shall use for its NPRACH; and the cell-specific NPRACH resource configurations allow the creation of a contention-free resource which will not be used by any UE-triggered random access. This leads to the second part of the conclusion: that as a matter of fact, Rel-13 NPRACH can be used for positioning if the network so chooses.
In RAN1#87, another round of input papers were presented on NPRACH-based UTDOA. In [2], Huawei demonstrated a general way that NPRACH resources can be configured to provide a particularly good arrangement for UTDOA, allowing the elimination of almost all NPRACH interference at a system level. Other ways can also be found. In [3], we showed that even without such configuration and allowing for interference ranging from 0% to 100%, the accuracy performance of NPRACH should be acceptable (e.g., less than 100m), especially for early deployments and competitive marketing purposes. Finally, in [4] we analyzed the power consumed by NPRACH UTDOA, and showed that it results in only a small reduction in battery life, comparable to (or better than) that required to support OTDOA in [8].
The online discussions in RAN1#87 did not have time to conclude: Some claimed that there might be no deployments nor scenarios whatsoever where NPRACH based positioning could ever work [5], but other companies were of the view that this is not a reasonable conclusion, especially considering the analysis given in [2], [3], [4]. The minutes of the meeting show the state of the online discussions to find a compromise at the time they stopped, as well as a proposal from a few companies later in an attempt to ensure there would be no support for UTDOA positioning in NB-IoT [6].
1.2 Discussion
In this section, we summarize the results we have presented previously for UTDOA, setting them in context of the practical scenarios and business opportunities they reveal can be offered by UTDOA.
1.2.1 UTDOA positioning accuracy
There is no agreed accuracy target for NB-IoT (nor for feMTC) in Rel-14. This reflects the situation that operators report a wide range of potential targets arising from many nascent and exploratory use cases. This means that for a solution which can be made available more quickly, such as UTDOA, the relevant goal is simply an accuracy that allows 3GPP and its operators to stake the claim to support at least some positioning applications, so that as enhancements to NB-IoT positioning become available, the applications market is already subscribed to NB-IoT.
For an indoor scenario, modelled with the EPA-1Hz channel, in system-level results taking account of interference. Here, ‘load’ is the probability of each neighbor cell independently generating interference, whereupon the entire NPRACH transmission in the serving cell is interfered, amounting to an aggressive model of the neighbor cell transmitting in the whole bandwidth of the PRB. We have found the following accuracy profile, for which technical details and percentiles are in Appendix A:
Table 1: System-level positioning accuracy performance at 67% in EPA 1 Hz
	
	Load = 0.1
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	17.3 m
	48.9 m
	72.7 m



Likewise in system-level results taking account of interference for an outdoor scenario modelled with EPA-2.5 Hz, we have the following accuracy profile:
Table 2: System-level positioning accuracy performance at 67% in EPA 2.5 Hz
	
	Load = 0.1
	Load = 0.4
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	12.1 m
	48.3 m
	59.9 m
	74.5 m



We think these accuracy results are well within the range that provide a useable and marketable feature for NB-IoT, whether or not RAN/RAN1 agree on any particular specific target number of meters. They are motivation enough to consider UTDOA ‘verified’. It should also be noted that these results do not require any particular configuration of NPRACH resources to avoid interference. Nevertheless, as described in the next section, it is easy to configure the NPRACH resources using Rel-13 mechanisms to avoid interference.
1.2.2 Cell NPRACH configuration
We show below an example of how one could configure NPRACH coverage levels in a cell to significantly reduce or almost eliminate interference in the NPRACH resources the eNB can order UEs to use for positioning. Note that they are not unique configurations and others can also be readily found to support UTDOA appropriately. These configuration patterns can be created and operated thanks to the features included already in the Rel-13 RAN1/RAN2 specifications, as described in Section 2.1. Note that the system level results in Section 2.2.1 do not assume the use of such configurations, as they include a range of rather aggressively modelled system loads from 0% to 100%.
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Figure 1: Example of NPRACH configuration for UTDOA positioning with almost no interference.

1.2.3 Rel-14 non-anchor carrier RACH
In Rel-13, the RACH procedure can only take place on an anchor carrier, which is the basis of some claims about resource limitations. Although we have demonstrated in [2] that even so suitable resource configurations exist, and in [3] and above that even when interference is allowed the accuracy performance is still enough to give 3GPP operators a market entry-point, Rel-14 includes enhancements to support random access on non-anchor NB-IoT carriers. This allows configuration of as many as 16 additional non-anchor carriers for random access, with the network able to order the UE to RACH on a particular non-anchor.
Of course this feature would only be supported Rel-14 or later UEs, but this does offer the network yet another way to free up resources to allow UTDOA positioning for Rel-13 UEs on the anchor carrier, and a large number of other UEs on non-anchors even before they – or if they never – upgrade to support OTDOA positioning. Providing device implementation diversity is key to firmly establishing the NB-IoT ecosystem, and UTDOA has the beneficial characteristic of giving the network operator the ultimate choice over functionality they wish to offer to their customers, regardless of what UE the operator chooses, or has, to partner with.
1.2.4 Device power consumption and complexity
As with accuracy, the basic goal for power consumption and device complexity is a characteristic that allows support of some early applications for market penetration purposes, rather than a totally stringent pass-fail performance indicator.
For power consumption, the first point to note is that no UE power ramping is needed, despite what is claimed in some papers. NB-IoT UE only uses power ramping in the lowest configured NPRACH repetition level in the cell (leftmost in Figure 1), and in order to be hearable by multiple eNBs, the UE will be NPDCCH-ordered to use a higher, and typically the highest, repetition level, wherein it will transmit with maximum power.
Table 3: Battery consumed for uplink positioning in stand-alone mode
	
	Battery life consumption %

	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.24%
	0.28%
	0.58%

	200
	0.49%
	0.57%
	1.17%

	500
	1.22%
	1.42%
	2.92%

	1000
	2.44%
	2.84%
	5.84%



Table 4: Battery consumed for uplink positioning in in-band/guard band modes
	
	Battery life consumption % 

	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.25%
	0.35%
	1.10%

	200
	0.51%
	0.70%
	2.20%

	500
	1.27%
	1.74%
	5.49%

	1000
	2.53%
	3.48%
	10.99%



In the ‘normal’ and ‘extended’ coverage case of 144 and 154 dB, which accounts for a significant majority of UEs in a typical cell, there is a de minimis change to the battery life, bearing in mind that the starting lifetime in these scenarios is considerably in excess of the 10 year target. In the ‘extreme’ coverage case of 164 dB, the worst case is that the battery lasts for ~9 years. It is a worst case, because it assumes the UE is permanently in an extreme coverage situation, but in practice if a UE has 100 or 1000 positioning requests, it is because the UE is not stationary and will therefore not always report from such challenging coverage. A UE fixed in extreme, or for that matter extended, coverage is likely to be get positioning requests only very rarely, and maybe only once in its useful lifetime.
UTDOA using NPRACH is transparent to the Rel-13 and Rel-14 UEs, so there is no additional complexity in the device. There have been some remarks regarding RAN4 requirements on in-band emissions – but we do not see the reason that RAN4 would be expected to introduce dramatically tighter requirements than heretofore seen bearing in mind the nature of the usage of UTDOA and the reasonable assumption that the network will configure NPRACH resources in a manner suitable for positioning by low-complexity NB-IoT UEs.
1.3 Way Forward
Since RAN#73, RAN1 has spent approximately 1 TU discussing UTDOA. Given the number of input papers, and the high proportion which have received online treatment in RAN1, we think the technical aspects are by now well investigated. RAN3 and RAN4 are ready and/or have begun their work on positioning according to the WID approved in September.
It is acknowledged that there are some scenarios where UTDOA appears feasible in terms of network configurations. Clearly, it is possible to describe some scenario where UTDOA (or OTDOA) is not, but it does not seem reasonable to suggest UTDOA cannot work in any case at all, particularly since it is considered useful in LTE. As discussed in Section 2.2, there are clear benefits in terms of giving 3GPP NB-IoT operators a crucial early long-term foothold in both emerging and established market segments, whilst the accuracy, power consumption, and device complexity are suitable for both priming the ecosystem for such services and sustaining them in the future. This is a pressing opportunity to seize considering the non-cellular and proprietary solutions that already claim to offer geo-location functions.
In summary, we think that supporting UTDOA for Rel-13 (and Rel-14) UEs with neither RAN1 nor RAN2 specification effort is a valuable option that 3GPP and RAN should decide to make available to operators and the NB-IoT ecosystem at large without further delay.
Proposal: UTDOA is considered ‘verified’ from a RAN1 perspective. No further work is required by RAN1 in this regard.
Conclusion
This paper discusses the prevailing situation in the NB-IoT enhancements work item regarding UTDOA positioning.
Accuracy results are well within the range that provide a useable and marketable feature for NB-IoT, whether or not RAN/RAN1 agree on any particular specific target number of meters. This is true even when interference is present, but cell configurations exist which could almost eliminate interference. The introduction of non-anchor RACH in Rel-14 will assist with providing plenty of resources for positioning for UEs of both Releases. For the significant majority of UEs in a typical cell having ‘normal’ and ‘extended’ coverage, there is a de minimis change to the battery life of less than 3.5%. In the ‘extreme’ coverage case of 164 dB, the worst case is that the battery lasts for ~9 years if the UE never moves out of such coverage. UTDOA using NPRACH is transparent to the Rel-13 and Rel-14 UEs, so there is no additional complexity in the device, and it brings positioning capability to NB-IoT faster by one Release than waiting for UEs to upgrade to support Rel-14 OTDOA. 
There has been sufficient analysis and online meeting time in RAN1, and work has been mandated since September in RAN3 and RAN4. We think that supporting UTDOA for Rel-13 (and Rel-14) UEs with neither RAN1 nor RAN2 specification effort is a valuable option that 3GPP and RAN should decide to make available to operators and the NB-IoT ecosystem at large without further delay.
Proposal: UTDOA is considered ‘verified’ from a RAN1 perspective. No further work is required in this regard.
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Appendix A
[bookmark: OLE_LINK2]We evaluate accuracy performance of uplink positioning for NB-IoT based on NPRACH with maximum 128 repetitions, following RAN1’s agreed simulation assumptions in [6]. Additional results for ETU channels are also provided. A general link-to-system mapping methodology is used for positioning accuracy evaluation where positioning signal quality are observed from system-level simulation using 19 sites each with three cells. Interference from neighbor cells and timing error at each signal quality level per cell is measured by applying a base station receiver algorithm to link-level simulation, where a sampling rate of 15.36 MHz is used at the eNB receiver. 
A.1		EPA
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Figure A.1: CDF of positioning error for indoor case of EPA 1 Hz
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Figure A.2: CDF of positioning error for outdoor case of EPA 2.5 Hz

Link-level performance of timing error estimation based on NPRACH for Doppler 2.5 Hz and 25 Hz are shown in Figure A.3. Hence, it can be expected outdoor positioning accuracy will be similar between the two cases
[image: ]
Figure A.3: CDF of uplink timing error for EPA-2.5 Hz and EPA-25 Hz
A.2		ETU
Positioning accuracy study for ETU is provided in this section.  However, the results presented in [7] indicate that the typical time dispersion experienced in urban deployments is significantly smaller than predicted by the 3GPP (E)TU channel model that is often used to represent such scenarios. Therefore, EPA is in practice considered more typical than ETU.
1) Indoor scenario
[image: ]
Figure A.4: CDF of positioning error in meter for indoor case of ETU 1Hz

	
	Load = 0.1
	Load = 0.3
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	34.1 m
	57.1 m
	66.7 m
	93.1 m



2) Outdoor scenario

[image: ]
Figure A.5: CDF of positioning error for outdoor case of ETU 2.5 Hz

	
	Load = 0.1
	Load = 0.3
	Load = 0.5
	Load = 1.0

	Horizontal accuracy
	27.6 m
	48.2 m
	74.5 m
	90.8 m




image4.png
load =01
load = 0.4
load =05 1
load = 1.0

60 80 100 120 140
Horizontal Location Error (m)

10 180 200




image5.png
09

08

07

06

05

04

03

02

01

144MCL

154MCL

——25Hz

164MCL

[
tiring error (us)

tiring error (us)

tiring error (us)




image6.png
09

08

07

06

05

04

03

02

01

load
load
load
load

60 80 100 120 140
Horizontal Location Error (m)

160 180

200




image7.png
09

08

07

06

05

04

03

02

01

0 40 60 80 100 120 140
Horizontal Location Error (m)

10 180 200




image1.emf
 

RSRP threshold 1

 (e.g. ~MCL 144dB)

RSRP threshold 2

(e.g. -140 dBm)

NPRACH resource 1

Level 0 (e.g. rep 4)

NPUSCH

NPRACH resource 2

Level 1 (e.g. rep 32)

NPUSCH

NPRACH resource 3

Level 2 (e.g. rep 128)

UE select resource by 

measured NRSRP for the 

purpose of random access

UE select resource by 

NPDCCH ordered NPRACH 

for the purpose of positioning

Option 1

180kHz


image2.emf
 

RSRP threshold 1 

(e.g. ~MCL 144dB)

NPRACH resource 1

Level 0 (e.g. rep 4)

NPUSCH

NPRACH resource 2

Level 1 (e.g. rep 32)

NPUSCH

NPRACH resource 3

Level 2 (e.g. rep 128)

UE select resource by 

measured NRSRP for the 

purpose of random access

UE select resource by 

NPDCCH ordered NPRACH 

for the purpose of positioning

Option 2

180kHz


image3.png
09

08

07

06

05

04

03

02

01

load = 0.1
load = 0.5
load = 1.0

0 40 60 80 100 120 140
Horizontal Location Error (m)

160 180

200




