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Introduction
In RAN1 #92 meeting, following agreement on the NPRACH range enhancement were made [1]:
	Agreement
· 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
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In this contribution, we discuss resource configuration for NPRACH range enhancement for NB-IoT. The frequency hopping and the guard time issue for NPRACH enhancement are also discussed in this contribution.

NPRACH resource configuration 
NB-IoT, due to its small system bandwidth and repetitive transmission, is lack of resources for uplink transmission. Therefore, efficient use of uplink resources is a subject for further improvement. In this context, especially for the NB-IoT system in which the preamble for NPRACH range enhancement (enhanced preamble) and the preamble for legacy NB-IoT (legacy preamble) and enhanced preamble coexist, NPRACH resource sharing between the legacy and the enhanced preamble are essential. For extensive resource sharing between the enhanced and legacy preambles, aligning in time the starting and ending points of the enhanced preamble with the legacy preamble is beneficial. Frequency division multiplexing (FDM) of enhanced preamble and legacy preamble within the legacy NPRACH resource can bring further benefits. If the NPRACH resource for enhanced preamble can be configured within the legacy NPRACH time/frequency region, legacy UE can avoid collision with the enhanced preamble without introducing a new indication mechanism.

Proposal 1: Support time/frequency sharing of the NPRACH resources between the preambles for NPRACH range enhancement and the preambles for legacy NB-IoT. 

Proposal 2: The boundary in time of one repetition of the preamble for NPRACH range enhancement is aligned with the boundary in time of N=2^n (n is a positive integer) repetitions of the legacy preamble.
· FFS exact value of N

Currently in legacy NB-IoT, NPRACH resources are divided into contention-based and contention-free NPRACH resources. For coexistence of NPRACH resources of the enhanced preambles and the legacy preambles in the legacy contention-based NPRACH time/frequency region, the frequency resources for NPRACH range enhancement can be configured in 3.75 kHz spacing with a 1.25 kHz offset from the frequency locations of the legacy NPRACH resources in such a way to minimize the interference with the legacy NPRACH resources. Or, if the frequency resources for NPRACH range enhancement are configured in the legacy contention-free NPRACH time/frequency region, the frequency resources for NPRACH range enhancement can be configured in 1.25 kHz spacing to maximize the number of NPRACH resources for range enhancement. 

Proposal 3: Support coexistence of NPRACH resources of the preambles for range enhancement and the preambles for legacy NB-IoT in the legacy contention-based and the contention-free NPRACH time/frequency regions. 
· When the frequency resources for NPRACH range enhancement are configured in the legacy contention-based NPRACH time/frequency region, the frequency resources for NPRACH range enhancement are in 3.75 kHz spacing with a 1.25 kHz offset from the frequency locations of the legacy NPRACH resources.
· When the frequency resources for NPRACH range enhancement are configured in the legacy contention-free NPRACH time/frequency region, the frequency resources for NPRACH range enhancement are in 1.25 kHz.

Considering the objectives of the NPRACH range enhancement, the MCL (Maximum Coupling Loss) of the preamble for NPRACH range enhancement should be at least at the same level as the legacy preamble. Because the MCL of the preamble for NPRACH range enhancement depends on the CP overhead and the number of repetitions, if there is an increase in CP overhead in the new preamble structure for NPRACH range enhancement, e.g., for NPRACH resource sharing with the legacy preambles, mechanisms to offset the MCL loss should be considered. One example would be to simply scale the number of repetitions to maintain the MCL performance.

NPRACH frequency hopping
In this section, we discuss a new design consideration of the frequency hopping pattern with the adoption of 1.25 kHz subcarrier spacing for the enhanced preamble. 
In legacy NB-IoT, the minimum frequency hopping distance is 3.75 kHz and the maximum frequency hopping distance is 3.75 * 6 kHz. With the enhanced preamble, the minimum frequency hopping distance has been reduced to 1.25 kHz and therefore we will lose the estimation accuracy at the cost of estimation range expansion. Given the situation, with the same distance in absolute frequency, i.e., 3.75 * 6 kHz, the transition from the coarse timing estimation with 1.25 kHz hop distance to the fine timing estimation with 3.75 * 6 kHz hop distance may not succeed at the same level of robustness as the legacy preamble. It happens when the coarse timing estimate is out of the pull-in range of the fine timing estimator due to the increased variance caused by the decreased minimum hop distance. An introduction of an intermediate hopping distance between the minimum and the maximum can be considered to guarantee the same level of timing estimation performance as the legacy preamble. The minimum and maximum hopping distance can be generated between symbol groups within a preamble. And without changing the basic preamble structure itself, the intermediate hopping distance (between the minimum and maximum hopping distance) can be provided between the adjacent two or paired preambles. If the random frequency hopping between preambles is still needed, then the random frequency hopping can be generated between the paired preambles.

Proposal 4: Support intermediate (between the minimum and maximum) hop distance between the two adjacent preambles for NPRACH enhancement to guarantee the same level of timing estimation performance as the legacy preamble.
· Minimum hop distance is 1.25 kHz
· Maximum hop distance is 3.75 * 6 kHz or 1.25 * 18 kHz (same as in legacy preamble)
· FFS exact value of intermediate hop distance

Further consideration
In the current NPRACH for NB-IoT, there is no explicit guard time (GT) defined as in LTE. Without a proper guard time, random access preamble would collide with the following subframe at the eNB receiver. In legacy NB-IoT, since the length of the legacy preamble is either 5.6 us (preamble format 0) or 6.4 us (preamble format 1), there is always a certain amount of time gap, i.e., {200, 400, 600, 800} us, depending on the number of repetitions between the end of the preamble repetition and the start of the following subframe. Considering the required time gap of 266.7 us for the legacy preamble, there should have been no strong concern without the explicit guard time. For enhanced preamble, however, the required guard time has increased to 666.7 us. Therefore we need to consider introducing an explicit guard time for NPRACH range enhancement. Or, simply puncture the last repetition of the preamble if there is no enough guard time and therefore collision with the next uplink subframe at the eNB side is expected. 

Proposal 5: For the preamble for NPRACH range enhancement, if the time gap between the end of the last repetition of the preamble and the start of the next subframe is smaller than X, puncture the last repetition of the preamble. (X is determined based on the required guard time ~ 666.7 us)
· FFS exact value of X

The random access preamble ID (i.e., RAPID) also should be considered in order to introduce the enhanced preamble with 1.25 kHz subcarrier spacing. If enhanced preambles share the NPRACH resource of legacy preambles, enhanced preambles can use the reserved RAPID which is not used by legacy preamble or can use one of the available RAPID by re-allocation according to NPRACH resource for enhanced preamble. On the other hand, if enhanced preambles do not share the NPRACH resource of legacy preambles, the UE can be either assigned the RAPID based on the starting subcarrier index of enhanced preamble or can be assigned new RA-RNTI values.

Conclusion
In this contribution we discussed resource configuration, frequency hopping and the guard time issue for NPRACH range enhancement for NB-IoT. We propose the followings:

Proposal 1: Support time/frequency sharing of the NPRACH resources between the preambles for NPRACH range enhancement and the preambles for legacy NB-IoT. 

Proposal 2: The boundary in time of one repetition of the preamble for NPRACH range enhancement is aligned with the boundary in time of N=2^n (n is a positive integer) repetitions of the legacy preamble.
· FFS exact value of N

Proposal 3: Support coexistence of NPRACH resources of the preambles for range enhancement and the preambles for legacy NB-IoT in the legacy contention-based and the contention-free NPRACH time/frequency regions. 
· When the frequency resources for NPRACH range enhancement are configured in the legacy contention-based NPRACH time/frequency region, the frequency resources for NPRACH range enhancement are in 3.75 kHz spacing with a 1.25 kHz offset from the frequency locations of the legacy NPRACH resources.
· When the frequency resources for NPRACH range enhancement are configured in the legacy contention-free NPRACH time/frequency region, the frequency resources for NPRACH range enhancement are in 1.25 kHz.

Proposal 4: Support intermediate (between the minimum and maximum) hop distance between the two adjacent preambles for NPRACH enhancement to guarantee the same level of timing estimation performance as the legacy preamble.
· Minimum hop distance is 1.25 kHz
· Maximum hop distance is 3.75 * 6 kHz or 1.25 * 18 kHz (same as in legacy preamble)
· FFS exact value of intermediate hop distance

Proposal 5: For the preamble for NPRACH range enhancement, if the time gap between the end of the last repetition of the preamble and the start of the next subframe is smaller than X, puncture the last repetition of the preamble. (X is determined based on the required guard time ~ 666.7 us)
· FFS exact value of X
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