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Introduction
In the approved work item (WI) on Rel-14 enhancements for NB-IoT [1] one of the WI objectives is the following:
· 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

During the RAN1#86bis discussion, RAN1 made the following conclusion regarding UTDOA based positioning in NB-IoT:

· 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.

In this contribution, we further study the details on the impact of using Rel-13 NPRACH preamble based UTDOA positioning for NB-IoT. Based on our studies from the aspects of interference handling, power control, in-band emission, and capacity impacts, we conclude that using Rel-13 NPRACH preamble based UTDOA positioning is not feasible without introducing significant impact on the Rel-13 NB-IoT networks. 
Interference aspects
Background
In NB-IoT Rel-13, up to 3 different repetition levels can be configured for the NPRACH channels in a cell. Power ramping procedure only applies to the NPRACH resources with the smallest number of repetitions, and a UE transmit NPRACH with maximum power if the number of repetitions it chooses is not the smallest one. Two RSRP thresholds need to be configured to support the three NPRACH resources. A device is required to estimate the DL coupling loss and the received NRS signal strength before it attempts to access the network. When attempting an access, the device selects the targeted NPRACH resource based on the measured RSRP in relation to the broadcasted thresholds.
An expected configuration is that three NPRACH resources are configured for the coverage ranges of larger than 154 dB, 154 to 144 dB and less than 144 dB. From previous link level studies [3], the associated number of repetitions for these coupling losses are 32, 8 and 2, respectively.  As an example, if we assume a standalone scenario with eNB output power of 43 dBm, or 32 dBm per 15 kHz, the two broadcasted NPRACH RSRP thresholds would be set to 32 – 154 = -122 dBm and 32 – 144 = -112 dBm. 
The first NPRACH resource associated with the lowest repetition level requires the UE to adopt an open loop power control targeting a broadcasted received signal power level at the eNB. When accessing the second and third NPRACH resources, typically associated with extended coverage, the UE should use the maximum allowed power. Table 1 summarizes the above examples of possible NPRACH configurations.
Table 1 Example configuration of NPRACH resources.
	Coverage
	Coupling loss
	Repetitions
	RSRP thresholds [dBm]
	Power Control

	Normal
	       – 144 dB
	2
	
	Open loop

	Extended
	144 – 154 dB
	8
	-112
	No

	Extreme
	>154 dB
	32
	-122
	No



Furthermore, in connected mode, PDCCH ordered NPRACH can be used to trigger the UE to send a NPRACH signal. In the PDCCH order, it includes the starting number of NPRACH repetitions and subcarrier indication of NPRACH. And the power ramping procedure is the same as the regular UE initiated NPRACH. It is worth to note that the PDCCH ordered NPRACH can only order a UE to use the number of NPRACH repetitions configured in a cell. No other number of repetitions is allowed. The PDCCH ordered NPRACH signal can be used for the purpose of positioning, but it requires signalling exchange among all the involved eNBs for positioning. 
Observation 1 	 The PDCCH ordered NPRACH cannot use arbitrary number of repetitions, but can only choose from the already configured number of reputations in a cell.   
[bookmark: _Ref465863247]Interference impact on regular UE’s PRACH reception
In order for a UE to be positioned, from our previous contribution [5], at least 10 eNBs should be involved. Since the NB-IoT UL signal has much less transmit power and also consider the effect of inter-cell interference, basically there are two possible ways to ensure the reception of NPRACH signal at different cells. Either as discussed in [5], when a UE needs to be positioned, the same time of frequency resources are muted in neighbouring cells, or as pointed out in [4], we can use long repetitions for the NPRACH to overcome the inter-cell interference. In this section, we discuss interference problem of using long NPRACH transmission for positioning. 
As pointed out in [5], at least 32 repetitions are needed for the purpose of positioning, and therefore regardless the coupling loss of a UE, it needs to be configured to use 32 repetitions if the network needs to position the UE. The UE needs to transmit full power in order to be heard by eNBs which are involved in positioning but are far away for the UE. This is not a desirable scenario in the serving cell of the UE, as it brings in significant interference on regular UEs that needs to access the network.  
In Figure 1, we illustrate this problem in detail. The baseline is that no UEs are needed to be positioned, and we plot the corresponding SNR for NB-IoT Rel-13 UEs experiencing a coupling loss 154 – 164 dB, when accessing the system on a NPRACH resource dedicated to contention based access. The performance is strictly coverage limited.
However, after introducing 5 or 10 UEs that needs to be positioned, we can observe significant SINR degradation due to the interference. The normal UEs (UEs do not need to be positioned) with a coupling loss larger than 154 dB, are exposed to receive an in-band emission generated by the UTDOA users that degrades the SINR with up to 40 dB. Furthermore, it is worth mentioning these results are based on the assumptions that neighbouring cells are muted (as assumed in [5]). If there are UEs which need to be positioned on the same time and frequency resource (as assumed in [4]) in neighbouring cells, more SINR degradations can be expected. 
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[bookmark: _Ref465281253]Figure 1 NPRACH SINR for NB-IoT Rel-13 UEs experiencing a coupling loss 154 – 164 dB, when 0 (baseline), 5 or 10 NPRACH UTDOA users accesses the system on a NPRACH partition dedicated to UTDOA.

Observation 2 	The normal UEs (UEs which do not need to be positioned) with a coupling loss larger than 154 dB, are exposed to receive an in-band emission generated by the UTDOA users that degrades their SINR with up to 40 dB.
 
Impact on UL capacity
Recall that NB-IoT is an UL heavy system where a larger amount of data is generated by the UEs, and therefore it is very important to guarantee enough UL resource for the NB-IoT system to function properly. In this section, we discuss the UL capacity impacts when using Rel-13 NB-IoT NPRACH preamble as UTDOA positioning signal. 
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First of all, the NRPACH configured in a cell should satisfy the regular NB-IoT traffic. The random access preamble collision probability is calculated as

where L is the number of random access opportunities per second, and  is the random access attempts per second per cell. From the traffic model given in TR45.820 [6], in one second around 6.13 UEs would have access request in a cell, and 88.5% UEs are with MCL less than 144 dB, 8.9% UEs are in-between 144 dB and 154 dB MCL, and 2.8% UEs are with MCL larger than 154 dB. Therefore, the random access attempts per second per cell is 5.4, 0.54, and 0.17 respectively for the above MCL levels. Considering a 1% NPRACH collision probability, 540, 54 and 17 random access opportunities per second are needed for each MCL level, respectively. 
For UEs with less than 144 dB MCL, 2 repetitions are needed for their PRACH resources, and 540/36 = 15 sets of 36 tone PRACH resources are needed per second. Similarly, for UEs in between 144 dB and 154 dB MCL, 8 repetitions are needed for their NPRACH resources, and 2 sets of 36 tone NPRACH resources are needed per second. Considering long CP is used for NPRACH, in total per second (15*2*6.4 + 2*8*6.4) *36/48/1000 ~= 22% UL resources will be used for the NPRACH configurations of these two groups of UEs.
From the simulations works evaluations in RAN1#86, these two NPRACH settings are not suitable for positioning, since the positioning signal of a UE needs to be received by eNBs that are further away. Depending on whether the neighboring cells are muted or not, either 32 (used in [5]) or 128 (used in [4]) repetitions are required. 
To support regular NB-IoT random access request for UEs that have coupling loss larger than 154 dB, 17 random access opportunities per second should be provided for UEs with MCL larger than 154 dB. When considering no resource is needed for positioning, 36 tones per two seconds can be configured to satisfy the random access traffic. Since at least 32 repetitions are needed, 32*6.4 *36/48/2000 ~= 8% UL resources will be used for the NPRACH configurations for this group of UEs. 
Observation 3	To support the regular traffic for UEs to access the system, around 30% of the UL resource will be used for NPRACH.  
Certainly the above mentioned numbers are just guidelines based are the traffic model given in TR45.820. However, a network should not excessively configure unnecessary NPRACH resources just for the purpose of positioning. By doing so, the network may not meet the UL traffic demand in a cell, which the NB-IoT system is designed for.

[bookmark: _Ref465863593]Muting neighboring cells
If neighbouring cells are muted, usually it takes less repetitions to reach eNBs are further away. For example, a maximum 32 repetitions are assumed in [4] comparing to 128 repetitions that are assumed in [5]. From the link level simulation results given in [3], we can see 32 repetitions are also one of the preferred configurations for MCL larger than154 dB. Therefore, in this case, there is no need to configure more NPRACH repetitions than necessary just for the purpose of positioning. 
Observation 4	 If muting of neighboring cells is assumed, much less number of repetitions are needed for NPRACH based positioning. 
However, the drawback in this case is that we will have to coordinate different cells when positioning a UE. In order to avoid collision from different cells. Notice that since NPRACH signal applies cell-specific hopping, simply coordinating the tone index used for positioning among neighboring cells is not enough. So, across repetitions if we would like to avoid collision between different UEs, we would need to position the UEs in turns in all the involved cells and/or reserve different sets of 12 tones in different cells for the purpose of positioning. Notice that random hopping is only within 12 tones for NB-IoT.   
Observation 5	 Due to cell-specific hopping is applied on NPRACH, simply coordinating the tone index used for positioning among neighboring cells is not enough to avoid collisions. 
Since this set of NPRACH resource is also used for positioning, let us consider a simple case, i.e., one set of PRACH resource of 48 tones is configured every second per cell (17 of which are used for regular UEs to access the cell and rest are used for positioning), and 10 cells are involved for positioning. In this setting, the cells can take turns for the positioning, and 12 UEs can be positioning in a cell together and 2 cells at a time. Therefore, if we do not consider the interference problem caused by the UTDOA user to the normal UEs that are trying to access the cell, on average at most 2.4 UEs can be positioning per second per cell. 
Observation 6	Muting of neighboring cells cannot solve the problem of intra-cell interference caused by UTDOA UEs on normal UEs that are trying to access the cell, as well as the interference among the UTDOA UEs. 
In this setting, for UEs with MCL larger than 154 dB, the length of the NPRACH is 204.8 ms in time when the long CP is assumed. This consumes around 20% of the UL resource. Therefore, together with the 22% PRACH resource used for 144 dB MCL UEs and UEs in-between 144 dB and 154 dB MCL, in total around 42% of the UL resources are needed to be configured as PRACH resources. This is a 12% increase of the total UL resource usage. 
Observation 7	 If muting of neighboring cells is assumed, a NPRACH configuration using 42% of the total UL resource can offer a positioning capacity of 2.4 UEs per second per cell. 
Please notice that the above calculations do not take into account the interference among the UTDOA UEs in the same cell, which would further degrade the performance of positioning and/or the positioning capacity [8]. 
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In this case, all the neighbouring cells are transmitting at the same time but 128 repetitions are needed in order to overcome the inter-cell interference. Then the length of the NPRACH is 859.2 ms when the long CP is assumed and a 40 ms UL gap is inserted after 64 repetitions. Similarly, 17 random access opportunities should be provided. To simplify the calculation, we assume one set of PRACH resource of 48 tones be configured every 2 second. With such a configuration, for UEs with MCL larger than 154 dB, their NPRACH resource consumes around 43% of the UL resource. Therefore, together with the 22% NPRACH resource used for 144 dB MCL UEs and UEs in-between 144 dB and 154 dB MCL, in total around 65% of the UL resources are needed to be configured as PRACH resources. In this case, we have the capacity of positioning 7 UEs per second per cell (calculated as 48/2-17). This is a 35% increase of the total UL resource usage. 
Observation 8	 If no muting of neighboring cells is assumed, long repetitions are needed to position the UEs. And in this case, in total around 65% of the UL resources are needed to be configured as PRACH resources and for the best case on average 7 UEs per second per cell can be positioned. 
This is not a desirable situation, since there is not much resources left for the NPUSCH, which may not be enough to support the regular NB-IoT traffic in a cell. Therefore, the capacity of using NPRACH based UTDOA is not very high but this would consume a significant amount of UL resources. 
Summary
From the discussion in this Section, we can see that neither muting nor not muting the neighboring cells for UTDOA positioning is not preferred, and they are facing the same problem of intra-cell interference as identified in Section 2.2. Furthermore, if no muting of neighboring is assumed, much longer PRACH transmission are needed, and this would make the intra-cell interference identified in Section 2.2 even worse. Moreover, the UTDOA positioning UEs will bring inter-cell interference to the neighboring cells. Another problem as we identified in our paper [8], is the interference among the UTDOA users in a cell, which would further degrade the performance of positioning and/or the positioning capacity. 
One way to solve the interface problem discussed in Section 2.2, 3.2, and 3.3 is to tighten the UE inband emission requirement. But this may significantly increase the UE complexity, which may not be desirable for the ultra-low cost target of NB-IoT UEs. 
Observation 9	Tighten the UE inband emission requirement may be one solution to the interference problem identified in this paper. But this may significantly increase the UE cost, which is not desirable for the ultra-low cost target of NB-IoT devices.  
Blocking issues
The discussion above assumes that there is no blocking issue at the eNB receiver. However, in practice, the eNB cannot receive signals that arrive with significant power difference. The stronger signal will block the weaker signal. 
In the current RAN4 spec, a 30 dB received power difference among adjacent tones can be supported at the eNB receiver (see Table 6.5.2F.3-1 in [7]). This is not a problem if you have UL power control, so the UE can adjust its transmit power. 
However, for NPDCCH ordered NPRACH, since it follows the regular power ramping procedure of regular NPRACH, the UE always use highest output power if it is not the lowest repetition level configure in the cell. Since for positioning, the NPRACH signal needs to be received in eNBs further away, it is unlikely it will use the lowest number of repetitions as discussed above. Therefore, it might create blocking problems at the eNB receiver. To be more specific, when two UEs are positioned in different cells, the UE near one eNB would block the UE that is further away from that eNB, which makes it not possible to have enough eNBs to position the UE. 
On solution is to use dedicated high performance receivers at the eNB, e.g., LMU, to receive the NPRACH positioning signal. But this would increase the cost at the network side, and it is not certain what kind of performance should we expect at the LMU receivers. This issue, however, is beyond the expertise of RAN1, and we should send LS to RAN4 to further investigate the feasibility of using NPDCCH ordered NPRACH for the purpose of positioning.  
Observation 10	 Based on the current RAN4 spec, it is difficult for the current eNB receiver to support the NPRACH preamble based UTDOA positioning.  New hardware may be needed, i.e., dedicated high performance receivers at the eNB, e.g., LMU, to receive the NPRACH positioning signal.
Conclusions and Proposals
In this contribution, we discussed some severe issues observed by using Rel-13 NPRACH preamble for the purpose of UTDOA positioning. Since only one PRB or 180 kHz system bandwidth is used for NB-IoT UL, the percentage used for regular NPRACH is already very high. If addition NPRACH resource are needed for the purpose of positioning, there might be a risk that the regular UL traffic of NB-IoT will be disturbed. Furthermore, significant interference to normal UE’s NPRACH is observed from our simulation.  Based on the discussions in this contribution, we conclude that the use of Rel-13 NPRACH single for UTDOA based positioning is not feasible considering the significant instability caused by interference, and excessive uplink resource usage for positioning.
Due to significant instability caused by interference when using Rel-13 NPRACH single for UTDOA based positioning as well as excess UL resource consumption, it is not feasible to use the Rel-13 NPRACH signal for UTDOA based positioning. 
In addition, we have the following observations:
Observation 1 	 The PDCCH ordered NPRACH cannot use arbitrary number of repetitions, but can only choose from the already configured number of reputations in a cell.   
Observation 2 	The normal UEs (UEs which do not need to be positioned) with a coupling loss larger than 154 dB, are exposed to receive an in-band emission generated by the UTDOA users that degrades their SINR with up to 40 dB.
Observation 3	To support the regular traffic for UEs to access the system, around 30% of the UL resource will be used for NPRACH.  
Observation 4	 If muting of neighboring cells is assumed, much less number of repetitions are needed for NPRACH based positioning. 
Observation 5	 Due to cell-specific hopping is applied on NPRACH, simply coordinating the tone index used for positioning among neighboring cells is not enough to avoid collisions. 
Observation 6	Muting of neighboring cells cannot solve the problem of intra-cell interference caused by UTDOA UEs on normal UEs that are trying to access the cell, as well as the interference among the UTDOA UEs. 
Observation 7	 If muting of neighboring cells is assumed, a NPRACH configuration using 42% of the total UL resource can offer a positioning capacity of 2.4 UEs per second per cell. 
Observation 8	 If no muting of neighboring cells is assumed, long repetitions are needed to position the UEs. And in this case, in total around 65% of the UL resources are needed to be configured as PRACH resources and for the best case on average 7 UEs per second per cell can be positioned. 
Observation 9	Tighten the UE inband emission requirement may be one solution to the interference problem identified in this paper. But this may significantly increase the UE cost, which is not desirable for the ultra-low cost target of NB-IoT devices.  
Observation 10	 Based on the current RAN4 spec, it is difficult for the current eNB receiver to support the NPRACH preamble based UTDOA positioning.  New hardware may be needed, i.e., dedicated high performance receivers at the eNB, e.g., LMU, to receive the NPRACH positioning signal.
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