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1 Introduction

In this contribution we discuss the random access procedure for NB-IOT. The random access channel (RACH) is used for several purposes in LTE and we expect that it will play the same fundamental role in NB-IOT. In our view it is reasonable to use LTE Rel-13 eMTC as a starting point for the random access solution wherever it makes sense from a technical point of view and to make suitable modifications to incorporate the characteristics for the NB-IOT carrier, e.g. the reduced channel bandwidth.
2 Preamble vs non-preamble based RACH
From the start two possible RACH designs were being considered for NB-IOT, one “preamble based” [4] and one “non-preamble based” [1] (Section 7.3). The preamble based RACH is similar to LTE RACH and makes use of orthogonal preamble sequences. In addition to the preamble based RACH the non-preamble based RACH also allows a small amount of data to be communicated to the eNB. This additional functionality comes with a cost, such as a large deviation from RACH used in LTE and higher RACH collision probability. 

Considering that the preamble-based RACH has been shown to meet both the GERAN SI battery [2] and latency [3] targets, and the fact that it allows reuse of existing LTE MAC procedures, we propose to adopt the preamble-based RACH for NB-IOT.
Proposal 1:
Preamble based RACH is used for NB-IOT.

3 Random access procedure based on Rel-13 eMTC
As mentioned in the previous section, adopting the preamble based RACH has the benefit that it allows us to largely reuse the random access procedure specified for Rel-13 eMTC. Similar to NB-IOT, the Rel-13 eMTC UEs are also bandwidth limited, support different coverage levels, and rely on extensive repetitions for enhanced coverage.
Proposal 2:
The Rel-13 eMTC random access procedure is used as a baseline for NB-IOT.

A high-level overview of a NB-IOT random access procedure based on Rel-13 eMTC is shown in Figure 1.
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Figure 1: Random access procedure for NB-IOT based on Rel-13 eMTC
3.1 Coverage level

RAN2#92 made the following agreements for RACH for NB-IoT:
Agreements:
1: 
RAN node can determine the UE’s coverage level from random access procedure. How this is done depends on RACH design of physical layer.

2: 
The original eMTC design, e.g. by using S1 Context Release message to indicate coverage level can be used as the baseline, at least for the UP solution.  

3: 
CN may include coverage enhancement (CE) level information, Global Cell Id and Paging Attempt Count IE in Paging message to indicate related information to RAN node.
4:    For UE in idle mode, UEs in general do not make specific access only to report coverage level change. 

	· We assume that RACH multiple attempts shall be supported.

· We assume that RACH reattempts may be done on the same or different coverage level. 

· FFS the function split between RRC and MAC. Maybe the same split as for eMTC can be used. 
· We assume that we need to be careful to not trigger too many attempts. 

· There will be one or more thresholds that limit the number of attempts, MAX NUMBER OF ATTEMPTS or similar per coverage level. 
· MAC indicates random access problem to RRC layer, when MAC has exhausted all attempts for a RACH procedure. 



Hence, the agreements so far are very much in line with the agreements from eMTC. Further solutions can be borrowed from eMTC:
· A small number of PRACH coverage levels can be defined and the PRACH coverage enhancement can be achieved through repetition (and in very poor coverage possibly also through accepting a relaxed PRACH misdetection probability).
· Different coverage levels can correspond to different PRACH resources (e.g. different preamble sequences, different time resources or different frequency resources) and the available resources are signaled in SIB.
· The UE can select the initial PRACH coverage level and associated PRACH resource set based on DL measurement, e.g. RSRP measurement.
· The eNB can get a rough estimate of the UE’s coverage level by observing the PRACH coverage level for the successful PRACH preamble transmission.
· The eNB can adjust the Msg3 transmission (e.g. number of repetitions) based on the mentioned rough estimate of the UE’s coverage level.
Proposal 3:
A set of PRACH resources (e.g. time, frequency, preamble sequences) is provided for each coverage level, i.e. a number of preamble sequences for each level. 
Proposal 4:
The PRACH resources per coverage level are configurable by the network.
Proposal 5:
The UE selects PRACH resources based on coverage level given by RSRP or other UE DL measurement.

Proposal 6:
The preamble selection by the UE can be used by the eNB to understand what settings are needed for Msg3, e.g. required Msg3 size.
In legacy LTE preambles are divided for contention based and non-contention based random access. Although the need for non-contention based random access is FFS when NB-IoT is concerned, we think that is a good idea to design the random access procedure for a situation with non-contention based random access. 
Proposal 7:
Dedicated preambles and contention-free RA should be supported in NB-IoT.
3.2 Preamble transmission
The contention-based random access procedure starts with random access preamble transmission from the UE to eNB. The PRACH time/frequency resources, preamble set, and repetition factor are signalled via system information and may vary between coverage levels.  The UE determines its initial coverage level based on the received signal strength and randomly selects the preamble to transmit on RACH.
If the UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, the UE should stop further attempts at the highest PRACH repetition level and report the failure to higher layers (RRC). The behaviour at the RRC layer is as per legacy behaviour.
3.3 RAR transmission
In response to the detected random-access attempt, the eNB will, as the second step of the random access procedure, transmit the random access response (RAR) containing:

· The index of the random access preamble

· The timing advance (TA) measured by the random access preamble receiver

· The uplink scheduling grant for Msg3 of the random access procedure

· The temporary C-RNTI which is used for further communication between the UE and eNB

In Rel-13 eMTC, the RAR is transmitted on a PDSCH scheduled by an M-PDCCH, where the M-PDCCH configuration and M-PDCCH repetition level for each PRACH coverage level are partly semi-statically and partly dynamically determined. Since RAR is scheduled via M-PDCCH its size is variable, which in turn allows multiple MAC RARs to be multiplexed in the same PDSCH transmission. Our preference is to adopt the same approach for NB-IOT.
Proposal 8:
RAR is transmitted on an NB-PDSCH scheduled by an NB-PDCCH.
Proposal 9:
The NB-PDSCH transport block can contain RAR messages to multiple UEs.
If the random-access attempt fails (no RAR is received within RA response window), the UE will retry until it reaches the maximum number of attempts for that coverage level. If this happens, the UE moves to next coverage level and re-starts the random access procedure. A reasonable assumption could be that no power ramping is used for large repetition levels, otherwise (for coverage level with no or small repetition) the legacy procedure for power ramping is used. However, taking the performance of RACH into account it may not be as straightforward as that. Therefore we propose:
Proposal 10:
The UE may not need power ramping for coverage levels with large number of repetitions provided that there is no severe performance degradation caused by near-far problem.
3.4 Msg3 transmission
In LTE and eMTC, UEs which have successfully received the RAR transmit Msg3 containing the UE identity used for contention resolution and layer 2/3 signalling message, such as RRC connection request etc. HARQ re-transmissions are used for Msg3 and subsequent messages, and we have not seen any reason to deviate from this scheme. The uplink assignment for Msg3 is signalled via RAR and the initial repetition level can either be indicated in the uplink assignment or determined based on the UE’s PRACH coverage level. Note that, as an additional enhancement for NB-IOT, uplink data can potentially be multiplexed with Msg3.
3.5 Msg4 transmission

In LTE and eMTC, after Msg3, the eNB responds with Msg4, the final message in the random access procedure, resolving possible contention. In eMTC, Msg4 is a unicast transmission scheduled via M-PDCCH, where the M-PDCCH repetition level is determined based on the UE’s PRACH coverage level.

Finally, in LTE and eMTC, if the UE has been requested to perform a contention-free random access, for example if downlink data arrives when the terminal is in RRC_CONNECTED and the uplink is not synchronized, the preamble is explicitly indicated from the eNB. In this case Msg4 is omitted as there is no need for contention resolution.
4 Conclusion

In this contribution we have discussed the random access procedure for NB-IOT.
Proposal 1:
Preamble based RACH is used for NB-IOT.

Proposal 2:
The Rel-13 eMTC random access procedure is used as a baseline for NB-IOT.

Proposal 3:
A set of PRACH resources (e.g. time, frequency, preamble sequences) is provided for each coverage level, i.e. a number of preamble sequences for each level. 

Proposal 4:
The PRACH resources per coverage level are configurable by the network.

Proposal 5:
The UE selects PRACH resources based on coverage level given by RSRP or other UE DL measurement.

Proposal 6:
The preamble selection by the UE can be used by the eNB to understand what settings are needed for Msg3, e.g. required Msg3 size.

Proposal 7:
Dedicated preambles and contention-free RA should be supported in NB-IoT.

Proposal 8:
RAR is transmitted on an NB-PDSCH scheduled by an NB-PDCCH.
Proposal 9:
The NB-PDSCH transport block can contain RAR messages to multiple UEs.

Proposal 10:
The UE may not need power ramping for coverage levels with large number of repetitions provided that there is no severe performance degradation caused by near-far problem.
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