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Introduction
In GERAN #62, a feasibility study item on meeting the needs of cellular internet of things (IoT) was approved [1] (named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things, WI code: FS_IoT_LC). Several candidate solutions have been suggested, including both a legacy-based evolution of GSM/EDGE and a clean-slate solution. 
Based on the study item, a new WI named Narrowband Internet of Things (NB-IOT) aims to specify a new radio access for cellular IoT that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture [2].
In this contribution, we discuss design issues for random access procedures for NB-IoT systems.

Random access for NB-IOT
Random access is a crucial procedure for devices operating in any cellular network. While the procedure is well-defined in legacy LTE systems, it does not take into account UEs in cellular IoT systems, which need to support operation over reduced bandwidth and extended coverage, of up to 20dB improvement in terms of maximum coupling loss (MCL). 

For achieving extended coverage, it has been widely agreed that one of the most effective ways is to simply repeat signal transmissions, at the expense of power consumption and therefore battery life of UE. This applies to the random access related signals too: for example, users in extended coverage will need to repeat preamble transmission in order to make random access requests reliably reach the base station.

In the study item [1], the concept of ‘coverage class’ was introduced, where the supported coverage was divided into multiple (e.g. 3) ranges of MCL values. Based on the measurement of downlink signal quality (e.g. path loss), the UE determines which coverage class it belongs to. One purpose of using a coverage class is one-to-one mapping between a class and a resource configuration for a physical channel: by reporting the coverage class to the base station, the UE and the base station both know how much resource needs to be spent in subsequent communications. For example, the number of signal repetition needed is fixed per coverage class, preventing UE from excessive or blind repetition. 

The actual value of repetition level would need to be determined based on the worst-case coverage loss in each class (i.e. at the edge of each coverage class range), to ensure that all UEs in one class can make reliable transmission of a particular signal. One implication of this arrangement, though, is that the number of necessary repetitions needed for weak coverage condition is significantly larger than that of better coverage condition. This is illustrated in Table 1 below.

	Format
	Tcp (ms)
	Tseq (ms)
	Number of repetitions
	Number of preambles

	0
	0.4
	3.2
	1
	N0

	1
	0.4
	3.2
	6
	N1

	2
	0.4
	3.2
	18
	N2

	Note:  N0+ N1+ N2 <=64. The remaining 64-(N0+ N1+ N2) preambles are reserved for contention-free random access. N0, N1, and N2 can be configured in each cell.



Table 1. PRACH formats and required number of repetitions [3].

The fixed number of repetitions needed for extreme coverage class means a considerable amount of extra power consumption at UEs. 
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Resource considerations
In this section, we reflect on the amount of resource a NB-IOT UE would need to spend for uplink transmissions in random access.
As in legacy LTE, the initial PRACH transmission power may be set based on open-loop estimation of path loss. As mentioned above, the transmission with the initial power will be repeated for a fixed number of times, according to the particular coverage class the UE belongs to.
One may expect this combination of initial power and repetition be enough for successful random access request. However, reasons such as preamble collisions and poor radio condition can lead to random access failure (BS fails to detect the preamble, or the BS detects the wrong preamble). The UE, after waiting for RAR to its request for a configurable time window, re-transmits the request to the BS.
In general, there are two domains of resource which the UE can utilise: power and time (spent on repetition).


Figure 1. Example of random access resource control
Note that RACH transmissions may not be repeated continuously in time, as there are limited RACH opportunities per uplink frame.

If the legacy LTE principle is to be followed, NB-IOT UEs would ramp up PRACH transmission power by a pre-configured, fixed amount and re-transmit the preamble (as in Figure 1). However, for UEs in extended coverage of NB-IOT system, use of the legacy power ramp-up should be carefully considered. For UEs in extreme coverage location, the re-transmissions will need be repeated for a significant number of times at the increased power level – whose effect on the UE battery consumption need to be studied. In addition, due to the fact that RACH transmissions need to be repeated periodically, there may be extra circuit power required to keep the power at the elevated level. 

Several options can be considered for making random access transmission as efficient as possible (outlined below in Table 2). For example, the UE can consider using maximum power available to increase the chance of random access. However, if the preamble is repeated for the same fixed number of times (as configured for the coverage class), there would be a significant waste of power as well as interference on other UEs. Therefore, we can consider adjusting the number of repetitions according to the level of power needed at the receiver for preamble detection.

	Option
	Resource Configuration
	Pros
	Cons

	1
	Ramp-up power
No change in repetition level
	Allows gradual increase in transmission power
	Need to repeat for large number of times at ramped-up power

	2
	UE maximum power
No change in repetition level
	· Ensures UL transmission success
· If transmission fails, no need for UE to spend power on more transmission attempts
	May affect the quality of received signals (at the BS), transmitted from other UEs 

	3
	Use UE maximum power
Use reduced number of repetition according to the required RACH energy level
	Ensures successful UL transmission within the shortest time possible.
	Same as above

	4
	Increase repetition level, use power ramp-up if necessary
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	Advantages of option 1 and 3: 
· Keeps extra power consumption as low as possible
	Need further study on exact configuration



Table 2. Comparison of possible UE resource configurations

RAN2 needs to discuss details on the above options for resource configuration. 


Conclusion
In this contribution, design issue for random access in NB-IOT was highlighted in the following observation:

1. The fixed number of repetitions needed for extreme coverage class means a considerable amount of extra power consumption at UEs. 

Based on the discussion in section 2 we propose capturing the following proposal to NB-IOT solution.

1. Optimise legacy LTE random access procedure for NB-IOT system and devices.
1. RAN2 needs to discuss details on the above options for resource configuration. 
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