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1 Introduction

In RAN#69, a new work item called Narrowband Internet of Things (NB-IOT) was approved [1]. The purpose of this work item is to specify a new radio access for cellular internet of things that meets the objectives of improved indoor coverage, support of massive number of low throughput devices, reduced device complexity, improved power efficiency, and low delay sensitivity.
In this contribution we discuss the random access procedure for NB-IOT from a RAN2 perspective. Random access is used for several purposes in LTE and we expect that it will play the same fundamental role in NB-IOT:
· For uplink synchronization

· At initial access (i.e., radio link/RRC Connection establishment and re-establishment)

· At uplink or downlink data arrival when the terminal is in RRC_CONNECTED and the uplink is not synchronized

· At handover when uplink synchronization needs to be established with the new cell

· For requesting UL resources

· At initial access (i.e., radio link/RRC Connection establishment and re-establishment)

· If no dedicated scheduling-request resources are configured on PUCCH

Note that random access at handover may not be required in case handover and network controlled mobility is not supported in NB-IOT.
2 Discussion
2.1 Preamble vs non-preamble based RACH
Currently there are two RACH designs being considered for NB-IOT, one “preamble based” [6] and one “non-preamble based” [2] (Section 7.3). 
Observation 1 Currently there are two RACH designs being considered for NB-IOT, one “preamble based” and one “non-preamble based”.
The preamble based RACH is similar to LTE RACH and makes use of orthogonal preamble sequences. The random access procedure in this case consists of four steps and is largely identical to the LTE/Rel-13 feMTC [3] random access procedure. Note that with an enhanced S1 interface, uplink data can optionally be included in Msg3 of the random access procedure.
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Figure 1: Random access procedure using preamble based RACH 

Pros:

· Lower RACH collision probability due to the use of multiple orthogonal preambles

· Amount of information transmitted without uplink synchronization is minimized

· Approach is similar to LTE which means that large parts of the random access design for Rel-13 feMTC can be re-used.
Cons:
· Limited possibility for UE to indicate the TB size of Msg3
Unlike the preamble based RACH whose main purpose is to indicate to the eNB the presence of a random access attempt and to allow the eNB estimate the timing delay between the eNB and the UE, the non-preamble based RACH also allows a small amount of data to be communicated to the eNB. This enables a random access identity, access cause and BSR to be indicated already in the RACH transmission instead of being transmitted later as a separate message. As described in section 7.3 in [2], the random access identity is either a random number or a C-RNTI (in case of non-initial access), and is used for contention resolution in the second message. The actual UE identity (e.g. S-TMSI) is transmitted together with the RRC or UP data after the random access procedure.
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Figure 2: Random access procedure using non-preamble based RACH 


Pros: 
· Buffer status report can be included in Msg1, which gives better granularity for the TB size of Msg3 

Cons: 

· Higher RACH collision probability

· Deviates from the LTE random access procedure which potentially implies more specification work
It may look that the preamble based random access procedure involves a larger number of messages. However, also non-preamble based approach should include a feedback for the data transmission (Msg4). In addition, the number of messages does not directly translate into increased energy consumption. To compare the energy consumption one needs to measure the total Tx and Rx times, which also depends on other factors such as message size, modulation and coding scheme, and collision probabilities. One should also note that battery lifetime is mainly determined by the assumed traffic model, and the random access is many times not the dominant energy consumer.
Observation 2 The energy consumption evaluation should be based on the total Tx and Rx times, not the number of messages.
NB-IOT applications are generally expected to be delay tolerant and this aspect should be taken into account in the random access design. Any latency optimization should therefore be motivated and weighted against the potential increase in complexity. That being said, we still need to ensure that any design meets the ~10 s latency target for exception reporting as described in the GERAN SI [2].
Observation 3 Optimizing the random access procedure for latency should not be a primary goal considering that NB-IOT applications are delay tolerant. We only need to ensure that we meet the ~10 s latency target for exception reporting as described in the GERAN SI.
Considering that the preamble-based RACH has been shown to meet both the GERAN SI battery [4] and latency [5] targets, and the fact that it allows re-use of existing LTE MAC procedures, we propose to adopt the preamble-based RACH for NB-IOT.
Proposal 1 Preamble based RACH is assumed for NB-IOT.

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

A high-level overview of the random access procedure for NB-IOT based on Rel-13 feMTC is shown in Figure 3. Note that Rel-13 feMTC is still work in progress and there are details which have not yet been specified.
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Figure 3: Random access procedure for NB-IOT based on Rel-13 feMTC
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 classes.  The UE determines its initial coverage class based on the received signal strength and randomly selects the preamble to transmit on RACH.
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 class. If this happens, the UE moves to next coverage class and re-starts the random access procedure.
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

For Rel-13 feMTC the current working assumption is that RAR is transmitted on PDSCH and scheduled via M-PDCCH, where the M-PDCCH configuration and repetition level for each coverage class are either pre-configured or signalled via system information. 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.
Msg3 transmission
After RAR, 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 UE the coverage class. Note that, as an additional enhancement for NB-IOT, uplink data can potentially be multiplexed with Msg3.
Msg4 transmission
After Msg3, the eNB replies with Msg4, the final message in the random access procedure, resolving possible contention. Msg4 is a unicast transmission scheduled via M-PDCCH, where the M-PDCCH repetition level is determined based on the UE coverage class.

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. 
2.3 Overload control
The two main features in LTE to prevent RAN overload are access class barring (ACB) and extended access barring (EAB). 
· In ACB, the UE draws a random number and only attempts to access the network if the random number is above a certain threshold signalled in SIB2. By varying the threshold the network load can be adjusted. ACB also supports UEs configured with a higher priority (i.e. UEs with access class (AC) 10-15) to bypass the access control.  
· EAB is a complementing mechanism added in Rel-11 which is specifically designed for MTC. Since the EAB feature is only supported/understood by MTC UEs, it is effectively a mechanism to control the MTC load in the network. In EAB, the UE checks a bitmap signalled in SIB14 and only attempts to access the network if the bit corresponding to its access class is unset. By setting/unsetting bits in the bitmap the network load can be adjusted. 
ACB and EAB can both be supported also in NB-IOT. Although both mechanisms will likely not be used at the same time since they provide similar functionality.
In contrast to ACB and EAB which take place before random access, LTE also supports two additional overload mechanisms, MAC Backoff Indicator (BI) and RRC wait timer, which are performed during the actual access attempt. 
· The MAC Backoff Indicator (BI) is included in RAR and controls the time between random access attempts. If RAR is received but none of the preamble identifiers match with the transmitted preamble or contention resolution fails, the UE will wait for a random amount of time (between 0 and BI) until it tries again. 
· The RRC wait timer (T302) controls the time until the next connection attempt and is signalled in Msg4 when a RRC connection is rejected. The range of this timer was extended for MTC devices (‘Extended Wait Timer’) in Rel-10.  
Together, these mechanisms provide a good overload protection for NB-IOT.
Proposal 3 The overload control mechanisms specified for LTE (ACB/EAB, MAC BI and RRC wait timer) are re-used for NB-IOT.

3 Conclusion

In this contribution we have discussed the random access procedure for NB-IOT from a RAN2 perspective. In section 2 we made the following observations:
Observation 1
Currently there are two RACH designs being considered for NB-IOT, one “preamble based” and one “non-preamble based”.
Observation 2
The energy consumption evaluation should be based on the total Tx and Rx times, not the number of messages.
Observation 3
Optimizing the random access procedure for latency should not be a primary goal considering that NB-IOT applications are delay tolerant. We only need to ensure that we meet the ~10 s latency target for exception reporting as described in the GERAN SI.


Based on the discussion in section 2 we propose the following:
Proposal 1
Preamble based RACH is assumed for NB-IOT.
Proposal 2
Rel-13 feMTC random access procedure is used as a baseline for NB-IOT.
Proposal 3
The overload control mechanisms specified for LTE (ACB/EAB, MAC BI and RRC wait timer) are re-used for NB-IOT.
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