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C-UNB technology for Cellular IoT
-
Radio Resource Management

Scope
[bookmark: _GoBack]At GERAN#62, a new feasibility study on Cellular Internet of Things (CIoT) was approved [1]. Various radio access technology proposals are candidates for this WI. One of the proposals in the Cooperative Ultra Narrow Band (C-UNB), for which key features are:
ultra-narrow band transmission,
random access,
cooperative reception.
Overall description of the C-UNB radio access technology can be found in [2]. This document describes the radio resource management in C-UNB.
Radio design principles
CIoT assumes that one or more 200kHz frequency blocks from the legacy GSM service are re-allocated for the Internet of things. In a given country, it is expected that each MNO is free to allocate one or many frequency blocks out of its spectrum allocation given by the local regulator. Therefore, frequency blocks for Cellular IoT are chosen and planned using common cellular radio planning and re-use patterns.
In the case of C-UNB, block allocation is a bit different because all C-UNB base stations have to listen on the same 200kHz blocks. As the C-UNB devices are not attached nor synchronized to the network, they all transmit on the same frequency block and receive in the corresponding block. This feature, already described in [2], improves the robustness of UL transmissions because it creates multiple receptions, acting as a kind of space diversity. As a consequence, there is no need for a frequency re-use pattern because all base stations use the same block for C-UNB (see figure 1)
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Figure 1: Frequency allocation in GSM cluster (a) and in C-UNB (b)
Beacon channel
Beacon channel frequency
In C-UNB, devices have to be aware of the 200kHz block allocated to the CIoT service by their respective MNOs. Frequency block allocation, which is specific to each MNO, is obtained by listening for the C-UNB beacon channel.
C-UNB beacon channel is transmitted by all base stations. It uses a UNB micro-channel in the center of the 200kHz block reserved for CIoT (see figure 2). It contains network parameters such as PLMN, UTC time reference, local loop back delay, wake-up packet periodic transmission time, …
Radio parameters of the beacon channel are the same as other DL micro channels: 600bps and +34dBm (to get the maximum coverage range).

[image: ]
Figure 2: C-UNB beacon channel located in center of CIoT frequency block


Beacon channel cyclic transmission
In cellular networks, interference between neighboring base stations is managed with frequency re-use patterns, based on hexagonal tiles. This frequency diversity is not appropriated to C-UNB beacon channel because all base stations transmit their beacon channel on the same C-UNB frequency block. This may create potential interference issues.

C-UNB beacon channel uses time diversity to avoid interference between base stations. Beacon frames are transmitted in sequence by all base stations of a cluster (see figure 3). The length of the beacon cycle depends of the level of interferences between base stations: the more interferences, the larger the cluster and the longer the cycle.
Nevertheless, the maximum delay for a given device for receiving the beacon frame is not the full beacon cycle, because of the large overlapp of C-UNB base station coverage (see figure 3).
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Figure 3: Multiple beacon frames reception due to large coverage overlaps
Paging
In cellular network, paging implies time synchronization and regular wake-ups of devices, all functions that are quite energy consuming. In C-UNB, it is proposed to have only device-triggered downlink transmission. Network-triggered transmission occurs only when a device wakes up.
Upon wake-up, a C-UNB device transmits an up-link packet to check for downlink messages waiting in the network; then it opens a reception window. If it receives nothing, it enters sleep mode, immediately at the end of the reception window. If there is a DL packet waiting for transmission, it is transmitted by the network (see figure 4) and received by the corresponding device.
The time between to wake-up packets is set by the MNOs. It is a tradeoff between maximum affordable latency in downlink and the reduction in battery life.
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Figure 4: periodic wake-up and DL packet reception

Conclusion
This contribution details some aspects of the radio resource management in C-UNB radio access technology. It shows how C-UNB can meet requirements from Cellular IoT with very limited complexity in the UE modems.
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