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[bookmark: _Ref349588338]1. Introduction
NPRACH range enhancement was discussed in RAN1#92bis meeting with the following agreements:
Agreement
Configurable NPRACH bandwidth is integer multiple of 45 kHz. 
Agreement
For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resources in the cell, the NPUSCH transmission is postponed.
Agreement
For one NPRACH symbol group for subcarrier spacing of 1.25 kHz, one NPRACH symbol group consists of CP+3 Symbols
FFS the number of symbol groups per NPRACH preamble repetition.
Agreement
For frequency hopping within one NPRACH preamble, down-select the following alternatives at RAN1#93 meeting
· Alt 1: 2-level  -/+ 1.25 kHz -/+ 22.5 kHz
· Alt. 2: 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz
Agreement
Specification supports that the new NPRACH format resources can be configured to overlap or not overlap with the NPRACH resources of Rel-13/Rel-14.

In this contribution, the new frequency hopping pattern for NPRACH preamble with minimum 1.25 KHz subcarrier spacing is discussed. 
[bookmark: OLE_LINK1]2. Design of frequency hopping
For the new NPRACH numerology with 1.25 KHz subcarrier spacing, the corresponding frequency hopping pattern needs to be down-selected between 2-level and 3-level hopping. 
The legacy 2-level hopping pattern was widely used in Rel-13/14 NB-IoT. For the new NPRACH numerology, it is natural to reuse the 2-level hopping pattern for range enhancement, with minimum hopping distance modified to 1.25 KHz as agreed in RAN1#92 meeting, and keep the maximum 22.5 KHz hopping distance unchanged. The 2-level hopping could minimize specification impact, and allow UE to reuse legacy Rel-13 NPRACH algorithm as much as possible. Moreover, support of resource overlapping between the new NPRACH format and the legacy NPRACH formats was already agreed, hence eNodeB is expected to simultaneously support legacy NPRACH formats and the new NPRACH format on the same NPRACH resource. To reuse legacy 2-level hopping pattern has lower impact on additional complexity for eNodeB. 
Therefore, a 2-level hopping pattern with hopping distance of 1.25 KHz and 22.5 KHz with 4 symbol groups in a NPRACH preamble, as shown in Figure 1, is preferred. With CP length of 800us agreed in last meeting, the length of one NPRACH preamble with 4 symbol groups is 12.8ms. 
Proposal #1: 2-level hopping with hopping distance of -/+ 1.25 kHz and -/+ 22.5 kHz is supported. 
Proposal #2: Reuse legacy hopping pattern with 4 symbol groups in a NPRACH preamble, with the minimum hopping distance replaced by 1.25 KHz.
Some solutions with 3-level frequency hopping were provided in last meeting. One intermediate step of hopping distance was introduced to help the transition from the coarse timing estimation with minimum 1.25 KHz hopping distance to the fine timing estimation with maximum 22.5 KHz hopping distance. However, compared with 2-level, only marginal performance gain can be observed for 3-level hopping. 
From system perspective, the marginal gain of introducing 3-level hopping will be further reduced, since the new hopping pattern might needs to co-exist with legacy NPRACH formats on same resource and the collision handling is very difficult, as well as collision handling of inter-cell interference of new NPRACH formats. Moreover, resource utilization of 3-level hopping needs to be further considered since the special hopping pattern is more likely to introduce resource fragmentation. Therefore, 3-level hopping seems not a decent choice for NPRACH range enhancement.


Figure 1: 2-level hopping -/+ 1.25 kHz -/+ 22.5 kHz with 4 symbol groups

3. Discussion on RRC parameters
On range enhancement for Rel-15 NPRACH, corresponding to the new numerology of NPRACH with minimum hop distance of 1.25 KHz, values of RRC parameters needs to be reconsidered and provided to RAN2. An email discussion was triggered after RAN1 #92b meeting and no consensus was achieved for most RRC parameters till now. In this section, we discuss the values of NPRACH RRC parameters based on our design of NPRACH preamble and hopping in Section 2. 
Considering that co-existence with legacy NPRACH formats was already agreed, reusing of legacy values if possible is beneficial to reduce system complexity. 
· numRepetitionsPerPreambleAttempt: {n1, n2, n4, n8, n16, n32, n64, n128}
As discussed in Section 2, the length of one NPRACH preamble is 12.8ms, which is twice as the legacy preamble length of 6.4ms for 266.7us CP. Therefore, for number of repetition, if legacy values are used, the transmission duration is also twice as legacy NPRACH formats, from which the objective of range enhancement can be achieved.
· nprach-Periodicity: {ms80, ms160, ms240, ms320, ms640, ms1280, ms2560, ms5120}
· nprach-StartTime: {ms16, ms32, ms64, ms128, ms256, ms512, ms1024, ms2048}
Considering that the length of new PRACH format in Section 2 is twice as NPRACH legacy format with 266.7us CP length, the values of time domain parameters should be scaled correspondingly. Specifically, if 128 repetitions is configured for the new NPRACH format, the duration of single transmission will be 1638.4ms which is much large for the legacy maximum 2560ms periodicity. On the other hand, the minimum periodicity of 40ms seems not appropriate since the NPRACH transmission will be too frequent. Therefore the scaling of NPRACH periodicity is an simple and necessary solution. Similarly as NPRACH periodicity, the start time of NPRACH within a period is doubled.
· nprach-SubcarrierOffset: {n0, n36, n72, n108, n6, n54, n102, spare1}
· nprach-NumSubcarriers: {n36, n72, n108, n144}
· nprach-NumCBRA-StartSubcarriers: {n24, n30, n33, n36, n60, n66, n69, n72, n96, n102, n105, n108, n120, n132, n138, n144}
With the numerology of 1.25 KHz subcarrier spacing, there are 144 tones in one PRB. Considering the maximum hopping distance of 22.5 KHz of new hopping and legacy hopping is the same, the frequency domain size of a NPRACH band in which the symbol groups are hopped should be the same as legacy, i.e. 45KHz, but with 36 tones inside. Therefore, the a scaling factor of 3 is adopted to the legacy values of SubcarrierOffset, NumSubcarriers and NumCBRA-StartSubcarriers.
· nprach-SubcarrierMSG3-RangeStart: invalid
[bookmark: _GoBack]For legacy FDD NB-IoT system, NPRACH resource can be partitioned into two set of resources to indicate if UE can support multi-tone NPUSCH transmission. Since range enhancement for NPRACH is introduced in Rel-15, all the UEs with capability of NPRACH range enhancement shall be able to support multi-tone. Therefore, there is no need to partitioning NPRACH anymore. This can also avoid NPRACH resource segmentation.  Therefore, this parameter should not be supported for NPRACH range enhancement.
Therefore, we have the following proposals:
Proposal #3: the following RRC parameters are defined for Rel-15 NPRACH range enhancement. How to capture the parameters is up to editor.
· numRepetitionsPerPreambleAttempt: {n1, n2, n4, n8, n16, n32, n64, n128}
· nprach-Periodicity: {ms80, ms160, ms240, ms320, ms640, ms1280, ms2560, ms5120}
· nprach-StartTime: {ms16, ms32, ms64, ms128, ms256, ms512, ms1024, ms2048}
· nprach-SubcarrierOffset: {n0, n36, n72, n108, n6, n54, n102, spare1}
· nprach-NumSubcarriers: {n36, n72, n108, n144}
· nprach-NumCBRA-StartSubcarriers: {n24, n30, n33, n36, n60, n66, n69, n72, n96, n102, n105, n108, n120, n132, n138, n144}
· nprach-SubcarrierMSG3-RangeStart: invalid
Proposal #4: Do not support NPRACH resource partition to indicate the support of multi-tone, i.e., Multi-tone transmission is mandatory for Rel-15 NB-IoT UEs capable of NPRACH range enhancement.

4. Conclusion
Based analysis above, we have the following observations and proposal, 
Proposal #1: 2-level hopping with hopping distance of -/+ 1.25 kHz and -/+ 22.5 kHz is supported. 
Proposal #2: Reuse legacy hopping pattern with 4 symbol groups in a NPRACH preamble, with the minimum hopping distance replaced by 1.25 KHz.
Proposal #3: the following RRC parameters are defined for Rel-15 NPRACH range enhancement. How to capture the parameters is up to editor.
· numRepetitionsPerPreambleAttempt: {n1, n2, n4, n8, n16, n32, n64, n128}
· nprach-Periodicity: {ms80, ms160, ms240, ms320, ms640, ms1280, ms2560, ms5120}
· nprach-StartTime: {ms16, ms32, ms64, ms128, ms256, ms512, ms1024, ms2048}
· nprach-SubcarrierOffset: {n0, n36, n72, n108, n6, n54, n102, spare1}
· nprach-NumSubcarriers: {n36, n72, n108, n144}
· nprach-NumCBRA-StartSubcarriers: {n24, n30, n33, n36, n60, n66, n69, n72, n96, n102, n105, n108, n120, n132, n138, n144}
· nprach-SubcarrierMSG3-RangeStart: invalid
Proposal #4: Do not support NPRACH resource partition to indicate the support of multi-tone, i.e., Multi-tone transmission is mandatory for Rel-15 NB-IoT UEs capable of NPRACH range enhancement.
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