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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#77. In which, the following objective is included:

NPRACH reliability and range enhancements

· If found necessary, reduce false alarm probability for NPRACH detection due to inter-cell interference on NPRACH [RAN1, RAN2, RAN4]

· If found necessary, introduce at least additional cyclic prefixes for NPRACH to support cell radius of at least 100 km [RAN1, RAN2, RAN4].
In RAN1#89, the following agreements were made [2]: 

	· To support of cell range of at least 100 km, FFS between:

· Cat 1: Rel-13 NPRACH

· Cat 2: Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones

· CP length FFS between same as or longer than Rel-13 formats

· Cat 3: New NPRACH numerology with CP length FFS between same as or longer than Rel-13 formats

Option A: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz

Option B: 3.75 kHz subcarrier spacing with minimum hop distance 1.25 kHz

Option C: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern

· Combinations of Category 2 and Category 3 solutions are not precluded


In RAN1#92, the following agreements were made [3]: 

	· For NPRACH range enhancements, 
· New NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.

· Only 800 us CP length is supported


In this paper, we will discuss the related issues and potential solutions about NPRACH range enhancement for supporting cell radius of at least 100 km in FeNB-IoT. 

2 Discussion

#issue 1: How to extend NPRACH coverage range

It is known that the NPRACH range is limited by two factors:

· The value range of timing advance (TA).

· The NPRACH CP-length.

From the timing advance value range perspective, the cell radius of NPRACH range already can support at most 100086,96 m[1], which satisfies the cell radius requirement of at least 100 km in NB-IoT. So the main limited factor for NPRACH range is the NPRACH CP-length. 

Observation 1: To support cell range of at least 100km, the main limited factor is the NPRACH CP-length.
In NB-IoT, there are 2 preamble formats corresponding two NPRACH CP-length respectively. Which CP-length is used is indicated by nprach-CP-Length IE broadcasted in SIB2-NB and the corresponding maximum cell radius are 10km or 40km respectively, as shown in table 1.

Table 1: Random access preamble parameters
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Therefore, in order to enhance the NPRACH range, it’s straightforward to consider a longer CP length or some other schemes which can achieve similar effects. The decision will depend on the output from RAN1. 
Based on the RAN1 agreements, new NPRACH preamble format with 800us NPRACH CP length should be introduced to extend the NPRACH range. 
Observation 2: New NPRACH preamble format should be introduced to extend the NPRACH range.

Furthermore, taken into account that the new NPRACH preamble format will inevitably cost more radio resource than the legacy NPRACH, it is suggested that the UE supporting NPRACH range extension still uses the legacy NPRACH preamble format if the UE is in the legacy NPRACH range, only when the UE is out of the legacy NPRACH range, the new NPRACH preamble format for cell range enhancements would be used. Whether the UE is out of the legacy NPRACH range can be decided based on the legacy cell selection threshold, e.g Qrxlevmin/Qqualmin.

Proposal 1: Only when the UE supporting NPRACH range enhancement is out of the legacy NPRACH range, the new NPRACH preamble format would be used.

#issue 2: How to camp on a cell with extended NPRACH range

Based on the RRC configuration, it can be seen that the nprach-CP-Length-r13 parameter is a mandatory IE. That means even the cell supports NPRACH range of at least 100km, this legacy NPRACH configuration still needs to be broadcasted. Then the legacy UE can camp on a cell with 100km radius with legacy NPRACH configuration.

As shown in Figure 1, the coverage of a cell with 100km radius would be very good (e.g RSRP is larger than -100dBm) in the area where the distance between UE and eNB is less than 40km. That means the legacy UE can camp but cannot work in enhanced coverage, e.g., the legacy UE can only work normally in CEL0 in this cell with 100km radius. 
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Figure 1
Observation 3: When a legacy UE enters into a cell with 100km radius and if the distance between UE and eNB is less than 10km (or 40km), the legacy UE maybe can work only in CEL0.
The legacy UE can work normally in a cell with at most 10km radius (or 40km, according to the value of nprach-CP-Length).  When such legacy UE enters into a cell with 100km radius and  the distance between UE and eNB is larger than 10km (or 40km), the UE maybe can camp on the cell, but certainly cannot perform PRACH procedure successfully since the CP length is not enough, which will cause bad user experience. 

Observation 4: When a legacy UE enters into a cell with 100km radius and if the distance between UE and eNB is more than 10km (or 40km), the UE cannot perform PRACH procedure successfully even it can camp on this cell, which will cause bad user experience.
So, a new CEL differentiation scheme for the cell supporting 100km radius should be considered.

In order to avoid that a legacy UE camps on a cell with 100km radius but the distance between legacy UE and eNB is larger than 10km (or 40km), and also in order to make it possible that a new UE supporting NPRACH range enhancement can camp on a cell with enhanced cell range(e.g. the distance between new UE and eNB is larger than 10km (or 40km)) , a separated new cell selection threshold(e.g Qrxlevmin_ExtendedCP and/or Qqualmin_ExtendedCP)  should be introduced for the new UEs and the legacy cell selection threshold(e.g Qrxlevmin and/or Qqualmin)  is only configured for the legacy UEs.  

Proposal 2: It’s suggested to introduce a separated new cell selection threshold (e.g Qrxlevmin_ExtendedCP and/or Qqualmin_ExtendedCP) for UEs supporting NPRACH range enhancements.

#issue 3: How to decide the CE un-authorization Threshold 
In the legacy NB-IoT, there has another parameter Qoffsetauthorization, and Qrxlevmin + Qoffsetauthorization is used as Qrxlevmin for determining the Cell Selection Criterion for CE un-authorized UE. For the cell supporting cell radius of more than 100km and broadcasting Qrxlevmin_ExtendedCP, the cell selection threshold for CE unauthorized UE may be less than Qrxlevmin, as are shown in figure 2. In this case,  Qrxlevmin + Qoffsetauthorization will be larger than the required Qrxlevmin threshold for CE un-authorized UE and is not suitable to be used as the Qrxlevmin for CE un-authorized UE supporting NPRACH range enhancements.

Observation 5: Qrxlevmin + Qoffsetauthorization is not suitable for CE un-authorized UE supporting NPRACH range enhancements to be used as Qrxlevmin in the cell with 100km cell radius, when Qrxlevmin_ExtendedCP is broadcasted.
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Figure 2
The detailed procedure for legacy UE is as follows:
· If required Qrxlevmin for CE unauthorized UE is less than or equal to Qrxlevmin, the Qoffsetauthorization  can be absent, and the Qrxlevmin will be used for the Cell Selection Criterion for the CE un-authorized UE;
· If required Qrxlevmin for CE unauthorized UE is larger than Qrxlevmin, the Qoffsetauthorization  should be present and Qrxlevmin + Qoffsetauthorization  will be used for the Cell Selection Criterion for the CE un-authorized UE.
For UE supporting NPRACH range enhancement with new cell selection threshold(e.g Qrxlevmin_ExtendedCP and/or Qqualmin_ExtendedCP),  a new mechanism should be used to decide the Cell Selection Criterion if the UE is not authorized for enhanced coverage. For simplicity, we suggest that a mechanism similar with legacy Qoffsetauthorization is used, e.g., a new parameter of Qoffsetauthorization_ExtendedCP can be broadcasted. If the UE is not authorized for enhanced coverage and Qoffsetauthorization_ExtendedCP is valid then Qrxlevmin_ExtendedCP + Qoffsetauthorization_ExtendedCP will be used as Qrxlevmin_ExtendedCP for CE un-authorized UE supporting NPRACH range enhancement to decide the Cell Selection Criterion. 
Proposal 3: Qoffsetauthorization_ExtendedCP is introduced in SIB and Qrxlevmin_ExtendedCP + Qoffsetauthorization_ExtendedCP is used for CE un-authorized UE supporting NPRACH range enhancement to decide the Cell Selection Criterion if Qrxlevmin_ExtendedCP is valid. 
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: To support cell range of at least 100km, the main limited factor is the NPRACH CP-length.
Observation 2: New NPRACH preamble format should be introduced to extend the NPRACH range.
Observation 3: When a legacy UE enters into a cell with 100km radius and if the distance between UE and eNB is less than 10km (or 40km), the legacy UE maybe can work only in CEL0.
Observation 4: When a legacy UE enters into a cell with 100km radius and if the distance between UE and eNB is more than 10km (or 40km), the UE cannot perform PRACH procedure successfully even it can camp on this cell, which will cause bad user experience.

Observation 5: Qrxlevmin + Qoffsetauthorization is not suitable for CE un-authorized UE supporting NPRACH range enhancements to be used as Qrxlevmin in the cell with 100km cell radius, when Qrxlevmin_ExtendedCP is broadcasted.

Proposal 1: Only when the UE supporting NPRACH range enhancement is out of the legacy NPRACH range, the new NPRACH preamble format would be used.
Proposal 2: It’s suggested to introduce a separated new cell selection threshold (e.g Qrxlevmin_ExtendedCP and/or Qqualmin_ExtendedCP) for UEs supporting NPRACH range enhancements.

Proposal 3: Qoffsetauthorization_ExtendedCP is introduced in SIB and Qrxlevmin_ExtendedCP + Qoffsetauthorization_ExtendedCP is used for CE un-authorized UE supporting NPRACH range enhancement to decide the Cell Selection Criterion if Qrxlevmin_ExtendedCP is valid. 
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