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Reducing Signaling and Connection Setup Related Overheads for EC-GSM Devices
1.	Motivation: 
Unlike LTE networks, GERAN networks involve separate procedures for ‎registering to the network (using the GPRS attach procedure of GMM ‎layer) and for obtaining a data session (using the PDP Context ‎procedure of the SM layer). In legacy systems, the Class C GERAN devices ‎including EC-GSM based Cellular IoT (CIoT) devices complete the GPRS ‎attach procedure before initiating the PDP context activation. This ‎results in unnecessary overheads, especially, for transmitting short data ‎packets (of the order of 20 bytes). As long as the device is in GMM ‎STANDBY or READY states, it is not necessary to perform GPRS attach ‎again to perform a PDP context activation.

However, most networks expect communication with the mobile every ‎few hours. For example, the value of mobile reachable timer is typically ‎set to a few minutes more than the mobile reachable timer (54 ‎minutes). Therefore, if there is no communication from the device ‎within this period, then the device is considered “not reachable” and ‎detached from the network by being sent to GMM IDLE state. Legacy ‎networks overcome this by performing Periodic Routing Area Updates ‎‎(RAU) when the Periodic RAU timer T3312 expires (default value of 54 minutes).‎

There are two major issues with this. First, for CIoT devices that have ‎infrequent small data transmissions (e.g., no traffic for several hours or ‎even days), performing Periodic Routing Area Updates (RAU) every 54 ‎minutes can consume a lot of energy at the user device. Furthermore, keeping the devices ‎registered requires a lot of network resources from the operator which ‎may be quite challenging, especially given the massive number of ‎devices planned for deployment.‎

On the other hand, if devices go to GMM IDLE, the devices ‎need to perform GPRS Attach procedure first, followed by PDP Context ‎Activation procedure to be able to transmit data resulting in relatively ‎large signaling load compared to the packet size as illustrated in Figure ‎‎1. This time for registration/connection setup can increase the device ‎power consumption, signaling load and also the end-to-end ‎communication latency.‎
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Figure 1: Illustration of Bytes Transmitted/Power Consumption for IoT ‎devices coming from long period of inactivity.‎

2.	Solution Areas:
For several IoT traffic models such as periodic uplink reporting, network command which largely represent small infrequent data transmission, it is important to minimize the overheads and energy consumption mainly relating to the connection setup. This includes the GPRS attach (including authentication), PDP context activation among others. We propose the following solution areas for reducing the signalling and connection setup related overheads.

2.1. Solution 1: Setting the Periodic Routing Area Update Timer longer based on Packet Periodicity
For the IoT applications with known periodic traffic, it is possible to set the T3312 timer to an appropriate value such that the amount of signalling required by the device can be minimized. For example, in the case of Mobile Autonomous Reporting (MAR) periodic reports, the split of inter-arrival time periodicity for MAR periodic is:  1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). For the 40% of the devices having inter-arrival periodicity of 1 day, the current maximum Periodic RAU timer value of ~54 minutes is not very efficient.

If the packet arrival periodicity is very longer than 54 minutes, network should define a longer RAU periodicity to reduce RAU signalling overhead and device power consumption. A direct approach to achieve it will be for the device to send the packet periodicity to the EC-GSM network such that the network is now aware of the inter-arrival time for device traffic. Based on this value, the network can maintain a UE-specific Periodic RAU timer. The device, in turn, can move to GMM STANDBY state and stay there without having to send any Periodic RAUs until the Periodic RAU timer specific for that device expires. 

One way to implement this is to add a new field PKT_INTER_ARRIVAL in the Attach Request message sent by the UE. In this, the UE specifies the periodicity of the data to the SGSN. The SGSN uses this information to create a UE-specific timer T3312 and indicates this to the UE in the Attach Accept message. The UE will use this to determine when it performs the Periodic RAU. Therefore, by utilizing the periodicity information, the amount of signalling can be mitigated for the IoT devices.

2.2. Solution 2: Forcing devices to GMM IDLE immediately after each data Session along with optimized network re-attach for uplink-centric devices
We propose an optimized connection setup procedure where the CIoT devices are jointly registered to the GPRS network ‎and allocated a default PDP context activation while also retaining the ‎PDP context during the time the devices are registered with the network. For most CIoT devices, it is sufficient to have a single PDP Context since QoS differentiation is not a key requirement. At the same time, ‎when the UEs return from the GMM IDLE state to transmit data, the ‎signaling overhead can be minimized. This is achieved by piggybacking the PDP Context activation request message in the GPRS attach request message when the UE attempts to register to the network for the first time. 
Such an approach allows the devices to move back to GMM IDLE state ‎more often to achieve battery saving at UE device. In this solution, for devices with very large inter-arrival times (of the order of several hours or days), we actually force the devices to GMM IDLE state immediately after data transmission is complete. Similar to Solution 1, the UE can send the periodicity information PKT_INTER_ARRIVAL in the Attach Request message. After the UL TBF is completed, the devices may wait for a short while to receive any DL ACKs. After this, the devices may be forced to go to GMM IDLE directly from the GMM READY state. This can be performed either autonomously by the UE itself or using an indicator in the DL ACK. 

The new call flow is shown in Figure 2.
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Figure 2: Proposed Signaling flow for the combined Attach Request and Default PDP Context Activation.
The proposed call flow is described as follows:

· 	At the user device, the SM layer sends a SM PDU PDP Context activation request to the GMM layer indicating the creation of a default PDP Context for the UE. If the GMM layer has not previously registered with the network, the GMM layer creates an attach request message in a GMM PDU consisting of the parameters required by the SGSN. Further, it encapsulates the SM layer PDP Context activation request message (consisting of the NSAPI, PDP type, PDP address, APN, QoS Requested = Default) within the GMM PDU and sends the old TLLI and ‘ciphering off’ indication to the LLC layer in an LL-UNITDATA-REQ primitive. The presence of the PDP Context Request is indicated using a new field “PDP Request Indication (PRI)”.
· 	The LLC layer sends a GRR-DATA-REQ message to the RLC/MAC layers. The RLC/MAC now needs to establish a radio connection with the BSS. This process involves the MAC layer of the UE sending a Packet Channel Request on the PRACH channel and obtaining uplink allocation of a Temporary Block Flow (TBF) for the UE on the PCCCH channel. After obtaining the uplink assignment, the UE utilizes the allocated TBF to send the LL-UNITDATA_REQ containing the GMM and SM PDUs to the BSS.
· The BSS forwards the LLC layer data to the SGSN using the BSSGP-UL-UNIT DATA.
· The SGSN receives the Attach Request GMM message. Upon receiving this, the SGSN reads the PRI field to determine the presence of the SM layer message. The GMM layer passes the Activate PDP Context Request message to the SM layer. 
· 	A new timer in the SM layer “Default PDP Setup Timer” to wait for the authentication procedure to be completed. Expiry of the timer indicates that the authentication was unsuccessful and the attach process failed. In this case, an Attach Reject will be issued. Upon successful completion of authentication, the timer value is reset.
· 	After Authentication and Ciphering is completed, the SGSN validates the Activate PDP Context Request using the required parameters. Function in SGSN to handle Activate PDP Context Request even if the attach procedure is not complete and only “old TLLI” currently existing for the UE. If a GGSN address is derived, the SGSN creates a TEID for the requested PDP context. The SGSN may restrict the QoS attributes according to the subscribed QoS profile. Further, “new TLLI” for UE is generated and a mapping between the NSAPI and TLLI is maintained.
· The SGSN issues a Create PDP Context Request message to the GGSN. The GGSN utilizes Selection Mode to determine if the PDP context can be accepted. The UE only requests to activate the PDP context with the subscribed profile and therefore, the GGSN will be able to accept the PDP context based on the QoS attributes. This is indicated in the Create PDP Context Response message from the GGSN to the SGSN.
· The SGSN constructs both the Attach Accept message at the GMM layer as well as the Activate PDP Context Accept at the SM layer. The SM layer message is encapsulated within the GMM Attach Accept message and sent to the UE. In addition, a PDP Response Indicator (PRSI) is included in the Attach Accept message to indicate the presence of PDP Context Accept message. The SGSN still uses the “old TLLI” in the Attach Accept.
· The UE GMM layer reads the PRSI field in the Attach Accept message and forwards the Activate PDP Context Accept message to the SM layer.
· An Attach Complete message is generated by UE GMM layer where the “new TLLI” is indicated on the uplink for the first time.

2.3. Solution 3: Forcing devices to GMM IDLE immediately after each data session along with optimized network re-attach for both uplink and downlink centric devices.

For devices with DL traffic or both UL and DL traffic, Solution 2 may not be directly applicable since the network may need to page the devices if there is DL traffic. However, forcing the devices to GMM IDLE will make them unreachable by the network. Therefore, the network needs to configure the devices with the wake up cycles.

In this approach, the SGSN receives both the UL and DL periodicity of the UE traffic PKT_INTER_ARRIVAL_UL and PKT_INTER_ARRIVAL_DL. This information could be provided by the UE in the Attach Request to the SGSN. Upon receiving the UE information, the SGSN will indicate the length of time the UE can spend in GMM IDLE so that it can wake up in time to receive the DL packets expected in the future. This can be an indication in the network-initiated deregistration procedure and using a field WAKE UP TIMING INFO in the Detach Request message sent from the SGSN to the device. The network will buffer the DL data of the UE until the next wake up period.

When the UE wakes up from the GMM IDLE state, it can initiate the optimized network attach procedure and get a PDP Context assigned during the attach procedure itself.

3.	Signaling Evaluation Computation for Optimized Network Attach:
Here we show a simple analysis to highlight the benefits of the proposed mechanism. We consider UEs initially in GMM IDLE state requiring uplink data transmission. We utilize the traffic type Mobile Autonomous Reporting as indicated in [1]. The transmission efficiency is only evaluated during one data transmission procedure. The coverage condition is not reflected in this computation. It should, instead be reflected in the MCS selection on PHY. Consequently, the result is irrelevant with coverage condition. The message sizes and the overheads for the signaling messages were obtained from [2].

3.1.	 Legacy Approach:
	Message Type
	Dapp (bytes)
	HCN (bytes)
	Haccess (bytes)
	Sradio (bytes)
	Hsig (bytes)
	Total 
(bytes)

	1. GPRS Attach Request
	
	
	
	
	
	61

	Channel Request
	0
	0
	0
	4
	0
	4

	Immediate Assignment
	0
	0
	0
	6
	0
	6

	Attach Request
	0
	0
	0
	36
	13
	49

	Packet Acknowledge (DL ACK)
	0
	0
	0
	1
	1
	2

	1. Authentication and Ciphering Request
	
	
	
	
	
	37

	2.3 Authentication and Ciphering Request
	0
	0
	0
	22
	13
	35

	2.4 Packet Acknowledge (UL ACK)
	0
	0
	0
	1
	1
	2

	1. Authentication and Ciphering Response
	
	
	
	
	
	34

	Authentication and Ciphering Response
	0
	0
	0
	19
	13
	32

	Packet Acknowledge (DL ACK)
	0
	0
	0
	1
	1
	2

	1. GPRS Attach Accept
	
	
	
	
	
	49

	Attach Accept
	0
	0
	0
	34
	13
	47

	Packet Acknowledge (UL ACK)
	0
	0
	0
	1
	1
	2

	1. GPRS Attach Complete
	
	
	
	
	
	8

	Attach Complete
	0
	0
	0
	2
	4
	6

	Packet Acknowledge (DL ACK)
	0
	0
	0
	1
	1
	2

	1. SM Activate PDP Context Request
	
	
	
	
	
	57

	Channel Request
	0
	0
	0
	4
	0
	4

	Immediate Assignment
	0
	0
	0
	6
	0
	6

	Activate PDP Context Request
	0
	0
	0
	32
	13
	45

	Packet Acknowledge (DL ACK)
	0
	0
	0
	1
	1
	2

	1. SM Activate PDP Context Accept
	
	
	
	
	
	76

	Activate PDP Context Accept
	0
	0
	0
	61
	13
	74

	Packet Acknowledge (UL ACK)
	0
	0
	0
	1
	1
	2

	1. Uplink Data Transmission
	
	
	
	
	
	193

	Channel Request
	0
	0
	0
	4
	0
	4

	Immediate Assignment
	0
	0
	0
	6
	0
	6

	User Data Transmission (User Data)
	20
	65
	12
	4
	1
	102

	Downlink Data Transmission (Application ACK)
	0
	65
	12
	0
	0
	77

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	Connection Release
	0
	0
	0
	1
	1
	2



Total Number of Bytes for Connection Setup = 61+ 47 + 44 + 59 + 18 + 57 + 86 = 322
Total Number of Bytes for Data Transmission = 193

3.2.	Proposed Approach:
	Message Type
	Dapp (bytes)
	HCN (bytes)
	Haccess (bytes)
	Sradio (bytes)
	Hsig (bytes)
	Total (bytes)

	1. Modified Attach Request Message
	
	
	
	
	
	93

	Channel Request
	0
	0
	0
	4
	0
	4

	Immediate Assignment
	0
	0
	0
	6
	0
	6

	Attach Request
	0
	0
	0
	68
	13
	81

	Packet Acknowledge (DL ACK)
	0
	0
	0
	1
	1
	2

	1. Authentication and Ciphering Request
	
	
	
	
	
	37

	Authentication and Ciphering Request
	0
	0
	0
	22
	13
	35

	Packet Acknowledge (UL ACK)
	0
	0
	0
	1
	1
	2

	1. Authentication and Ciphering Response
	
	
	
	
	
	34

	Authentication and Ciphering Response
	0
	0
	0
	19
	13
	32

	Packet Acknowledge (DL ACK)
	0
	0
	0
	1
	1
	2

	1. Modified Attach Accept
	
	
	
	
	
	108

	Attach Accept
	0
	0
	0
	93
	13
	106

	Packet Acknowledge (UL ACK)
	0
	0
	0
	1
	1
	2

	1. Attach Complete
	
	
	
	
	
	8

	Attach Complete
	0
	0
	0
	2
	4
	6

	Packet Acknowledge (DL ACK)
	0
	0
	0
	1
	1
	2

	1. Uplink Data Transmission
	
	
	
	
	
	193

	Channel Request
	0
	0
	0
	4
	0
	4

	Immediate Assignment
	0
	0
	0
	6
	0
	6

	User Data Transmission (User Data)
	20
	65
	12
	4
	1
	102

	Downlink Data Transmission (Application ACK)
	0
	65
	12
	0
	0
	77

	Uplink Data Transmission (DL ACK)
	0
	0
	0
	1
	1
	2

	Connection Release
	0
	0
	0
	1
	1
	2


Total Number of Bytes for Connection Setup = 93+47+44+118+18 = 280
Total Number of Bytes for Data Transmission = 193

3.3.	Comparison of Signaling Overheads for the legacy and proposed approaches
In both the legacy and the discussed approaches, connection ‎setup involves transmission of a lot more bytes compared to the ‎data transmission (considering only 20 bytes of application data). ‎With the new approach, the “Connection Setup” related overheads ‎is reduced by almost 15%.‎
[image: ]
Figure 3: Comparison of Signaling Overheads for legacy and proposed approaches.
4.	Conclusions:
For Class C GPRS devices including the Cellular IoT devices and other small infrequent data transmitting devices, performing GPRS attach and PDP Context activation separately results in transmission inefficiency. Performing a combined registration and IP address allocation for the UEs offer several advantages:
· It can minimize the signaling overhead for packet data communication for devices coming from GMM Idle state. On the radio access network side, the UEs only need to perform the RACH procedures (“one-phase” or “two-phase” access) once instead of performing them twice. This involves avoiding the transmission of “packet channel request” repeatedly on the RACH channel until access is obtained and receiving a UL allocation on a PCCCH PAGCH. Following this, the transmission of UL higher layer data over the PDTCH and the temporary block flow. This can result in significant savings on the signaling, especially considering the CIoT devices may be coverage constrained that require mechanisms such as signal repetition for achieving extended coverage. 
· It provides a default IP address for the devices as long as the devices are registered with the network. This may help avoid an on-demand creation of PDP Context when packet data transmission is required for the devices and therefore minimizing the end to end latency. 
· The energy consumption associated with registration and connection setup for devices coming from GMM IDLE state is minimized due to the new attach procedure.
· Sending devices to GMM IDLE immediately after each data session saves devices power and reduces signaling overhead for devices with very infrequent traffic as device avoids RAU.
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