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Introduction
In RAN#75 it was agreed to have Release 15 Work Item “Further NB-IoT enhancements”. As part of this WI, the following objective was agreed:
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]

[bookmark: _Ref178064866]Discussion
The objective is driven by RAN1 and solution is highly dependent on agreements in RAN1. Work for NPRACH reliability and range enhancement has already commenced in RAN1 discussions [1]. The agreements from RAN1#89 for NPRACH cell range enhancements are the following:
Agreements:
· 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

And the agreements from RAN1#89 for NPRACH false alarm enhancements are the following:
Agreements:
For reduction of NPRACH false alarm probability, FFS between:
· Alt 1: 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
· Alt 2: A frequency shift of k*0.75 kHz is applied to all NPRACH signal in a Cell.
· FFS k=[-2, -1, 0, 1, 2] or [-2, -1 1 2].
· FFS if to apply a phase rotation of m*pi/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.
· Signaling of the above frequency shift and phase rotation is FFS.
· Alt 3: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern
· Combinations of the above alternatives are not precluded

As can be seen, the discussion and the preferred solution is still open in RAN1. Some of the solutions may affect NPRACH numerology and change or introduce new parameters. Changes in NPRACH numerology may have RAN2 impact as well.

[bookmark: _Toc486858479][bookmark: _Toc490127868][bookmark: _Toc490213787][bookmark: _Toc490268436][bookmark: _Toc494424381]NPRACH numerology changes are expected to have some RAN2 impact.

The agreed solution will possibly introduce some new configuration options, which will be need to be signaled by the eNB. New system information may be needed to be broadcasted, such as new scrambling code, longer CP, different subcarrier spacing as well as some RA procedure description and related timers could be affected. In addition, the indication of support for enhanced NPRACH configuration is supported in a cell would need to be broadcasted.

[bookmark: _Toc490268437][bookmark: _Toc494424382][bookmark: _Toc486858480][bookmark: _Toc490127869][bookmark: _Toc490213788]RAN2 may need to introduce new parameters associated with new configurations for system information broadcast. 
[bookmark: _Hlk487121993]
From resource usage point of view it would be beneficial to be able to configure overlapping resources for the new solution and legacy NPRACH, i.e. to be able to reuse the resources used by the existing PRACH configurations when there is need to save resources. In addition, it would also be good to have the option to configure separate resources for both for flexibility, e.g. when the system is not limited in resources and the operator for example wants to have legacy UEs and Rel-15 UEs on separate NPRACH resources.

[bookmark: _Toc486858581][bookmark: _Toc490127870][bookmark: _Toc490213789][bookmark: _Toc490268438][bookmark: _Toc494424383]It would be beneficial if enhanced NPRACH would be able to use the existing NPRACH resources as well as having an option to configure separate resources for enhanced and legacy NPRACH.

Timing advance extension
In the WID, cell radius of at least 100 km is mentioned. One RAN2 related topic with extended cell radius could be Timing Advance which may be impacted. As described in TS 36.321, Random Access Response contains Timing Advance Command (11bits), which indicates the index value TA (0,1,2,… 1282) used to control the amount of timing adjustment that the MAC entity has to apply. 
According to TS 36.213, in case of random access response, an 11-bit timing advance command, TA, for a TAG indicates NTA values by index values of TA = 0, 1, 2, ..., 1282, where an amount of the time alignment for the TAG is given by NTA = TA 16. NTA is defined in TS 36.211 as timing offset between uplink and downlink radio frames at the UE, expressed in units of TS. TS is defined in 36.211 as 30720 * TS = 1 ms.
With this information, currently supported cell range by timing advance can be calculated:
Cell range = TAmax*16 * TS * c/2 = 1282*16 * 1/(15000*2048) (s) * 299792458 (m/s) /2 = 100086,96 m.


[bookmark: _Toc486858481][bookmark: _Toc490127871][bookmark: _Toc490213790][bookmark: _Toc490268439][bookmark: _Toc494424384]Timing advance already supports 100 km cell range from RAN2 standpoint.

The value range of TA is truncated from 0 up to 1282 at maximum value, while with the size of 11 bits, value range from 0 up to 2047 could be used. With index value of 2047, timing advance could support cell range of almost 160 km. Therefore, from RAN2 standpoint, it would be relatively small change to support cell range extension from timing advance perspective, however we are not aware if this is the case from RAN1/RAN4 point of view.

[bookmark: _Toc486858482][bookmark: _Toc490127872][bookmark: _Toc490213791][bookmark: _Toc490268440][bookmark: _Toc494424385][bookmark: _GoBack]From RAN2 point of view, timing advance can be extended with relative ease to support cell range of up to 160 km if necessary.

Conclusion
In section 2 we made the following observations:
Observation 1	NPRACH numerology changes are expected to have some RAN2 impact.
Observation 2	RAN2 may need to introduce new parameters associated with new configurations for system information broadcast.
Observation 3	It would be beneficial if enhanced NPRACH would be able to use the existing NPRACH resources as well as having an option to configure separate resources for enhanced and legacy NPRACH.
Observation 4	Timing advance already supports 100 km cell range from RAN2 standpoint.
Observation 5	From RAN2 point of view, timing advance can be extended with relative ease to support cell range of up to 160 km if necessary.
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