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1 Introduction

At the last RAN #70 Plenary meeting, revisions to the work item description for NB-IoT were approved [1]. Accordingly, it was agreed that NB-IoT would use OFDM with 15 kHz subcarrier spacing in the DL and support both single- and multi-tone transmissions in the UL. For single-tone transmissions, both 15 kHz and 3.75 kHz subcarrier spacing values should be configurable, while for multi-tone transmissions, SCFDMA using 15 kHz would be supported.
Further, RAN sent an LS to RAN1 WG [2], indicating the following working assumptions:
· At least the first UL message after NB-PRACH for initial access to the network can be at least via single-tone UL

· RAN1 to inform RAN2 in January the supportable message size, i.e. same number of bits as LTE Msg3 or another number of bits, while meeting latency and coverage targets for this message

· Both of the following are supported by the specifications:

· 3.75 kHz subcarrier spacing for the first transmission after the first UL random access transmission

· 15 kHz subcarrier spacing for the first transmission after the first UL random access transmission

· Details of network configurability is left to WGs (including the possibility of configuring both in the same cell)

· RAN will make the decision on capability/interoperability testing at RAN#71. 

At the RAN1 ad-hoc meeting on NB-IoT, the following was agreed regarding NB-PRACH design [3]:

· Use only preamble based PRACH for NB-IoT
· Support one PRACH scheme for all MCL cases
· PRACH scheme is based on single-tone transmission
Additionally, the following was also agreed regarding Msg3 size [3]:
· Msg3 sizes up to 64 bits at the physical layer can be supported under all conditions (Coverage, operation mode, and subcarrier spacing)

· RAN1 may agree the further larger values for the Msg3 size

In this contribution, we present our views on the design of the random access process for NB-IoT including the physical layer design for Narrowband-Physical Random Access Channel (NB-PRACH), NB-PRACH configuration, and the options for the design of the overall random access procedure.

2 On NB-PRACH Preamble Design
In this section, we share our views and design considerations for NB-PRACH preamble design.
2.1 Single-tone NB-PRACH design
A single-tone-based NB-PRACH design that is common to all coverage classes was agreed at the last RAN1 meeting. The key opens regarding the NB-PRACH design include the subcarrier spacing choices, number of hopping layers and hopping patterns, and the sequence used for the NB-PRACH symbols.

Considering the remaining opens, the primary aspects for the NB-PRACH design include:

· Accuracy of time of arrival (ToA) estimation;

· Supported maximum cell radius;

· NB-PRACH multiplexing capacity;

· Symbol duration and potential forward compatibility with TDD.
For the 3.75 kHz subcarrier spacing option, it would be necessary to support at least two-layer frequency hopping to enable sufficiently accurate ToA estimation, while the 15 kHz option can provide better ToA estimation, possibly even with a single-layer hopping. 

The 3.75 kHz subcarrier spacing option also supports a larger cell radius (for 15 kHz, it is limited to 10 km) and a larger NB-PRACH capacity via more FDM opportunities.  

On the other hand, the 15 kHz option can support better forward compatibility with TDD systems due to shorter symbol duration. 

Thus, overall, it may be reasonable to define a 3.75 kHz subcarrier spacing based NB-PRACH format with two-layer hopping. However, both subcarrier spacing options may be supported, such that UEs in good coverage conditions can use shorter duration NB-PRACH transmissions without multi-layer hopping using 15 kHz subcarrier spacing NB-PRACH. 
Note that although it is possible that a UE may be at the cell edge of a large cell and still pick a 15 kHz subcarrier spacing NB-PRACH, such cases are less likely, and even in the event of a wrong selection, the wrong timing estimation at the eNB from a distant UE would most likely lead to a failed Msg3 reception. Accordingly, the RA procedure can be specified such that the UE performs fewer attempts using 15 kHz subcarrier spacing before switching to NB-PRACH format using 3.75 kHz subcarrier spacing. This way, 15 kHz subcarrier spacing can be used by UE when in good radio conditions and most likely those UEs that are within a distance of 10 km from the eNB, while for UEs in worse radio conditions, UEs can use 3.75 kHz subcarrier spacing NB-PRACH.
Proposal 1:

· Consider support of both NB-PRACH subcarrier spacing options such that use of 15 kHz subcarrier spacing NB-PRACH is restricted to UEs in good radio conditions.
· For 3.75 kHz subcarrier spacing, at least two-layer frequency hopping is supported.

2.2 NB-PRACH Configurations
For multiplexing of different UEs across various coverage levels, different NB-PRACH resource set configurations need to be supported at the system-level. Different NB-PRACH resource sets can be defined by different number of repetitions applied to the basic NB-PRACH format, which itself comprises of a sequence of NB-PRACH symbols with a single- or multi-layer frequency hopping pattern. At least three coverage levels should be supported for initial random access. The configuration of NB-PRACH resources can be defined similar to legacy PRACH configuration but with new definitions for the NB-PRACH configuration index to correspond to new time-domain NB-PRACH opportunities.
Between different NB-PRACH resource sets, at least TDM-based NB-PRACH multiplexing should be supported, while it FDM-based multiplexing between different NB-PRACH sets should be easier for the 3.75 kHz subcarrier spacing option. 

Upon failure of a RACH attempt, multiple attempts within the same repetition level should be supported. Similar to Rel-13 eMTC, a maximum number of attempts per repetition level is supported and the UE would move to the next repetition level upon reaching the maximum number of attempts in the current repetition level. To simplify the mechanism and considering the uncertainty in the DL measurement accuracy for NB-IoT (should be further studied in RAN4) PRACH power ramping may not be supported and UEs transmit with the maximum power level, especially given the less likelihood of significant impact from near-far effect for single-tone NB-PRACH that primarily relies on frequency domain multiplexing of users. 

Further, partitioning of NB-PRACH resources should be supported in order to allow UEs to indicate at least support of subcarrier spacing options (i.e., between 15 kHz and 3.75 kHz single-tone) and possibly also between multi-tone and single-tone and single-tone only UL transmissions via the selection of the NB-PRACH frequency resource within an NB-PRACH resource set. Note that, for the typical traffic models expected for Rel-13 NB-IoT, it is unlikely that there would be a significantly large loading from simultaneous random access attempts from a very large number of UEs. Hence, the NB-PRACH partitioning approach to provide capability indication between 3.75 kHz and 15 kHz subcarrier spacing for NB-PUSCH should be supported.
Proposal 2:

· Support at least three different NB-PRACH resource sets based on different repetitions of the basic single-tone NB-PRACH. 

· Support partitioning of NB-PRACH resource sets to distinguish UE capability between support of 15 kHz and 3.75 kHz single-tone, and possibly also between support of single-tone only and support of both single- and multi-tone NB-PUSCH.

3 Random Access: Messages 2, 3 and 4
RAR transmissions

One straightforward option for the support of RAR transmission is to rely on a common search space (CSS) for the NB-PDCCH that would be used to schedule the NB-PDSCH carrying potentially multiple RAR records. While “control-less” (i.e., without dynamic scheduling) may be considered for system resource utilization and UE power consumption efficiency, for NB-IoT systems operating using a single PRB, user blocking can be a significant challenge for RAR transmissions, and this can adversely affect the UE power consumption and increase the access latency significantly if extremely long RAR windows are the only option for multiplexing UEs. Similar to Rel-13 eMTC, if multiple NBs are available and configured, then the NB-PDSCH could even be scheduled in different PRBs if dynamic cross-PRB scheduling is supported.

The UL grant in the RAR carries the scheduling information for the Message 3 transmission and can schedule the Message 3 transmission depending on the UE’s coverage level indicated by the successfully detected NB-PRACH. Based on RAN LS quoted in Section 1, Message 3 transmission should support at least single-tone NB-PUSCH. However, multi-tone NB-PUSCH should also be supported for Message 3 transmission in order to enable a faster and spectrally efficient random access procedure since UEs in better coverage conditions like basic or extended coverage can transmit their NB-PUSCH within a shorter period of time. 
Depending on the coverage condition determined by the eNodeB from the NB-PRACH reception and indicated UE capabilities, the UE can be configured with the appropriate number of subcarriers, subframes, and MCS to use to transmit the Message 3 on the UL.
Message 3 retransmission and Message 4 scheduling

Similar to Rel-13 eMTC, scheduling of Message 3 retransmission, Message 4 (and RRCConnectionSetup message) scheduling information can be received by the UE by monitoring the same search space (SS) as the CSS-RAR used to monitor for NB-PDCCH scheduling RAR, but during the extent of the ContentionResolutionTimer. Note that, similar to the RAR window, the ContentionResolutionTimer should be increased in length as well to accommodate TDM between transmissions to different UEs, including multiplexing with traffic for CONNECTED mode UEs. 
Finally, the RRCConnectionSetup message (that may be carried along with the Message 4) can be used to provide the UE with the details of the NB-PDCCH UE-specific search space (USS) including the set of aggregation level and repetition levels to monitor, the periodicity of the USS, the location of the PRB to monitor for NB-PDCCH if multiple PRBs with anchor carrier concept is defined. 
Proposal 3:
· Consider defining a CSS-RAR for scheduling of RAR messages within the RAR window. The same SS is used for scheduling of Message 3 retransmission, Message 4 (and possibly RRCConnectionSetup message).
· Message 3 transmission supports both single- and multi-tone NB-PUSCH that is configurable by the eNodeB via the UL grant depending on the UE coverage condition and indicated capabilities via the NB-PRACH.
4 Conclusion

In this contribution, we presented our views on design aspects of the random access for NB-IoT including details of NB-PRACH design options, NB-PRACH configurations, multiplexing, and Messages 2, 3, and 4 scheduling and transmissions. The following are the proposals:
Proposal 1:

· Consider support of both NB-PRACH subcarrier spacing options such that use of 15 kHz subcarrier spacing NB-PRACH is restricted to UEs in good radio conditions.
· For 3.75 kHz subcarrier spacing, at least two-layer frequency hopping is supported.

Proposal 2:

· Support at least three different NB-PRACH resource sets based on different repetitions of the basic single-tone NB-PRACH. 

· Support partitioning of NB-PRACH resource sets to distinguish UE capability between support of 15 kHz and 3.75 kHz single-tone, and possibly also between support of single-tone only and support of both single- and multi-tone NB-PUSCH.

Proposal 3:

· Consider defining a CSS-RAR for scheduling of RAR messages within the RAR window. The same SS is used for scheduling of Message 3 retransmission, Message 4 (and possibly RRCConnectionSetup message).

· Message 3 transmission supports both single- and multi-tone NB-PUSCH that is configurable by the eNodeB via the UL grant depending on the UE coverage condition and indicated capabilities via the NB-PRACH.
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