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Introduction
[bookmark: _GoBack]This document provides text on the C-UNB candidate solution for inclusion in section 7.4 of the Technical Report 45.820 revision 1.4.0.
The proposed text describes the radio resource management of the C-UNB solution.


Proposed text for the TR

Start of Changes

Cooperative Ultra Narrow Band
General description
Downlink physical layer design
Uplink physical layer design
Link layer aspects
Radio resource management
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 above subclauses, 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 7.4.5.1)

[image: ]
Figure 7.4.5.1: Frequency allocation in GSM cluster (a) and in C-UNB (b)
Beacon channel
Beacon channel frequency
In C-UNB, mobile stations have to be aware of the 200kHz block allocated to the CIoT service by their respective MNOs. Frequency block allocation for C-UNB, 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 carrier in the center of the 200kHz block reserved for CIoT (see figure 7.4.5.2). It contains system information as detailed in link layer subclauses. Physical layer parameters of the beacon channel transmission (8 000bps and +43dBm) are detailed in downlink physical layer subclauses.
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Figure 7.4.5.2: C-UNB beacon channel located in center of DL 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 have to transmit their beacon channel on the same C-UNB frequency block, i.e. the 200kHz block used by the C-UNB service.

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 7.4.5.3).


[image: ]
Figure 7.4.5.3: Transmission cycle of beacon channels

After the transmission of the beacon channel packets, the beacon cycle gives room for user plane packets (see figure 7.4.5.4).

[image: ]
Figure 7.4.5.4: user plane and beacon channel transmission in a given base station

Duration of a beacon cycle
The beacon cycle, as depicted in figure 7.4.5.3, consists in a number of beacon packets and a free space for DL ad'hoc micro-channels. The number of beacon packets depends on the cluster size used to mitigate interference between beacon transmissions. We propose to use the common 4/12 cluster as a basis for beacon cycle duration evaluation.

As the beacon cycle implies time synchronization between base stations, we propose to use standard NTP messages to synchronize base station transmissions. With the achievable accuracy of about +/-20ms, each base station is requested to transmit its beacon packet in a slot of 40ms.
The total duration of a beacon cycle is set to 1.4s to get enough room for multiple transmission of DL user plane packets.
Paging procedure
Cellular networks implement paging procedures to allow network-triggered transmission. Paging implies regular wake-ups of mobile stations and elaborated packet structure in DL to be able to page one single mobile station without waking up all its neighbors.
In C-UNB, it is proposed to implement paging procedure with device-triggered downlink transmission: network-triggered transmission occurs only when a device wakes up.
In some case mobile stations will wake up very often whereas in other case mobile stations will wake up very rarely. To overcome this issue, MNOs have the possibility to ask mobile stations to transmit poll packets even if they don't have user data to transmit. The poll packet periodicity is part of the system information that is broadcast in the beacon channel.
The poll packet periodicity is a tradeoff between maximum affordable latency in downlink and the reduction in battery life. Figure 7.4.5.5 illustrates the poll procedure.

[image: ]
Figure 7.4.5.5: poll packet and DL transmission

Tx power adaptation procedure
Transmit power adaptation in MS helps reducing the power consumption. It is a two-fold procedure: part is done by the network and part is done by the MS.

Network side
For each MS, the network measures RSSI of the received UL radio packets and records the values. If the network receives many radio packets high above the sensitivity level, it transmits a control packet (with a specific frame type in the header) to the MS with a reduced transmission power that gives sufficient margin above the sensitivity level.

MS side
Before each transmission, the MS evaluates the RSSI of the beacon channels it receives. If the RSSI changes less than a given threshold, the mobile station transmits with the reduced power previously set by the network.
If the RSSI change is above the threshold or if the beacon channel was lost since the last check, the mobile station sets its ongoing transmission to maximum power in order to secure the reception by the network. Later on, it will reduce it transmission power if the network asks to do so. Figure 7.4.5.6 depicts the beacon check prior to message transmission by a mobile station.
Figure 7.4.5.7 illustrates how the beacon listening procedure supports the Tx power adaptation procedure.

[image: ]
Figure 7.4.5.6: Tx power reckoning prior to user plane packet transmission by a MS


[image: ]
Figure 7.4.5.7: Beacon listening procedure supporting Tx power adaptation procedure (simplified)

Power management parameters
The two pervious sub-clauses explain how Tx power adaptation can be implemented in a C-UNB MSs. Detailed parameters of the power loop control (such as thresholds and delays) are FFS.
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