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1 Introduction

At RAN2#69bis it was agreed that the overload control is the first priority for RAN2 work on MTC. In TS 22.368 [1], three use cases (Radio Network congestion, Signaling Network congestion and Core Network congestion) are used to characterize the overload scenario. Among these cases, only the Radio Network congestion is strongly related with RAN work.

Radio Network congestion might happen when massive concurrent data transmissions take place for some MTC applications. Data transmission includes two phases in which congestion may take place: the random access procedure and radio resources allocation.

In this paper, we focus on the Traffic channel resources congestion (the discussion on RACH congestion is given in R2-102824 [2]). In the following sections, several detailed scenarios are presented and evaluated to show the traffic channel congestion level. Furthermore, some corresponding potential solutions are given. 
2 Scenarios of traffic channel congestion
In the near future, it is expected that MTC applications will be widely used in many fields, such as metering and monitoring in manufacturing, aquaculture and agriculture, wireless POS in finance industry, environmental monitoring, mobile health monitoring, remote diagnosing, smart traffic, energy metering, building safety, track and tracing, consumer electric devices, etc. There will be thousands of types of MTC applications in our work and personal life. Comparing with normal UEs, the MDs (MTC Devices) density will definitely much higher. An incoming question is: are the traffic channel resources enough to support the throughput requirement of both normal UEs and MDs?
In the following, some scenarios are presented to describe the causes which may lead to traffic channel resource congestion. Each scenario also has a reference example with a numerical analysis to evaluate the corresponding traffic channel resources occupancy. Based on this analysis, it can be verified whether these scenarios would cause traffic channel resources congestion and what the congestion level is.
Scenario 1: Large number of MTC applications, which are both time critical and characterized by small data transmission.
In our personal life many MTC applications are time critical, and characterized by small amounts of transmitted data (e.g. 10 ~ 1000bytes) during the whole time of the data connection. For each connection, the MD needs to send several control signaling messages to establish the SRB and DRB before data transmission, e.g. msg3 of Random access, RRCConnection Setup Complete message, RRCConnection Reconfiguration Complete message, etc. This control signaling will significantly reduce the system throughput if the ‘small data size’ data connections density is high. 
In the following two examples with actual data are presented, showing the resource occupancy rate and the resource efficiency, with the goal to evaluate whether radio resource congestion would happen or not.
· Example 1
Wireless POS is a MTC project which could be widely used in the world. The density of wireless POS devices is highest in commercial districts which are full of shops. For example in Shanghai busiest shopping centre, there are about 6~7 big markets in a typical 500m radius cell, and 80 POSs could be expected in each market (each market is at least ten-storeys, with at least 8 cashiers in each floor), so that the POS density can be up to 560 per cell. In the busy hour, a payment happens in every 2 minutes at each cashier. 
Assuming the traffic data size of each payment is 100bytes, the size of UL control signaling in one data connection is around 30 bytes (msg3 + RRCConnectionSetupComplete +  RRCConnectionReconfigurationComplete). The UL resources needed for one data connection (assuming the average ITBS=16 [3]) are 7RBs (msg3 + RRCConnectionSetupComplete + RRCConnectionReconfigurationComplete + initial BSR + traffic data = 1+1+1+1+3 RBs)
Based on this assumption, the average required data throughput by the POSs of one cell is calculated as:  560*130bytes/2minutes = 607bytes/s. This is not a tough requirement, but what should be noted is that the resource efficiency is only 130*8bits/2280bits = 45.6% (2280bits is the TB size which correponds to the ITBS 16 and 7RBs in the TB size table [3]), which shows a clear waste of resources.
Considering that many similar MTC applications will be widely deployed in the future, such as vending machines, ticket vendors, traffic monitor and industry meters, etc., the density of these ‘small data size’ MDs will increase rapidly, leading to more pressure on the resource scheduling and to a highere waste of resources. 
· Example 2
In the industry field, there are many types of meters which are used to real-time monitor various parameters during production, such as pressure meters, temperature meters and flow rate meters, etc.
Assuming that the density of the meters in a factory district is 1000 per square Km, with a  typical cell radius of 2Km, the density of the meters would then be 12560 per cell. Let’s further assume that the average sample rate of such meters is one time per second, the average report size is 100bytes, and the size of UL control signaling is 30bytes (as in Example 1 above). 
Based on these assumptions, the UL resources needed for one data connection (assuming the average ITBS=16 [3]) are 7RBs (as in Example 1), the average required throughput is 12560*130bytes/1s = 1632800bytes/s, while the average required resources are 87920RBs/s. Assuming a 20MHz system BW is configured, it can be seen that the average throughput is only 8% of the theoretical maximum system throughput, but 80% of system resources are occupied. Considering that besides these MTC devices normal Ues would be present in the network (ans possibly other types of MTC devices), it is clear that a traffic channel resources overload would happen with very high probability.
Scenario 2: MTC applications with higher service priority than for normal UEs, occupying too many traffic resources and leading to congestion.

Comparing with the traffic of normal UEs, e.g. voice, FTP, HTTP, video stream, etc., some MTC application types may have higher service priority, from the network operator’s or subscriber’s perspectives.
For examples:
· Applications such as wireless POS and vending machines.
· Safety guard applications, such as monitors and detectors (also for fire alarms) in important building, e.g. banks, governments, shops and research institutes, etc.
· Tracking and tracing, such as car tracking, stock or merchandise tracing, VIP or children tracking, etc.
For all the above applications, it’s reasonable for the network operator to preferentially allocate traffic channel resources to these types of MDs, according to subscriber or MTC user’s requirements.

Considering that there are good chances that these high priority MDs types will be widely used in the near future, it is quite likely that they will steal a lot of traffic channel resources to the normal UEs, so that in a busy time congestion may happen.
Based on this investigation, the 2 typical scenarios above will most probably lead to traffic channel resources congestion. Among them, Scenario 1 is especially important for the severe resource waste situation it would determine, so that some possible enhancements should be considered.
Proposal 1: Due to the severe resource waste of scenario 1, it’s proposed to introducing corresponding enhancements. 
Proposal 2: Traffic channel resources congestion aspects should be considered, as part of RAN overload control for MTC, and corresponding enhancements should be investigated.

3 Potential solutions
In this section, some corresponding potential solutions are proposed for the above radio resources congestion scenarios. 
As mentioned above, Scenario 1 is the most problematic one and should be given more attention. Based on the evaluation in the example of wireless POS, it can be easily found that the main cause which leads to resources waste is the too high control signaling overhead. Out of the 7 RBs used in the whole duration of one data connection, 4RBs are used for 30Bytes control signaling and 3RBs for 100Bytes traffic data, which means the resources efficiency of control signaling is only 30*8bits/1288bits = 18.6%(1288 bits is the TB size which correponds to the ITBS16 and 4RBs in the TB size table [3]). The degree of resource waste will be even higher if the traffic data size is smaller, such as 10Bytes (e.g. for a smoke detector or an intruder alarm, which only send very simple data).
Reducing the control signaling overhead during the ‘small data size’ connection establishment is needed to improve the resource efficiency. A possible way is to introduce a dedicate data connection mechanism for the MDs that are characterized by the ‘small data transmission’ feature, such as combining some control signaling, pre-allocation, etc. 
Proposal 3: investigate solutions to introduce a dedicate data connection mechanism for the MDs characterized by the ‘small data transmission’ feature, in order to reduce the control signaling overhead.
4 Conclusion
In this paper, several scenarios leading to traffic channel congestion have been presented and evaluated, and some high level proposals to address this problem have been suggested:
Proposal 1: Due to the severe resource waste of scenario 1, it’s proposed to introducing corresponding enhancements.

Proposal 2: Traffic channel resources congestion aspects should be considered as part of RAN overload control for MTC, and corresponding enhancements should be investigated.
Proposal 3: investigate solutions to introduce a dedicate data connection mechanism for the MDs characterized by the ‘small data transmission’ feature, in order to reduce the control signaling overhead.
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