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Ready State DRX in EC-GSM
1.	Introduction: 
In some cellular IoT (CIoT)  use cases such as industrial CIoT, the devices may transmit/receive a packet very frequently (say every 1 min or 5 min). In such a case, if devices are moved to GMM Standby State after each packet activity, there may be a significant impact on network signalling overhead due to state transitions from Standby to Ready State. The issue may become more critical in case of massive IoT scenario as thousands of devices may perform such state transitions in the network. One solution is to keep these devices always in Ready state. However, it will result in higher battery consumption. 

The second problem is possible notable overhead due to frequent Random Access performed by IoT even when devices are kept in packet idle state (DRX Mode) of Ready state. Note that in Ready State device moves to packet Idle states after the TBF is completed. Right after TBF completion, the device monitors all downlink packet common control channels (PCCCHs) for a duration configured by non-DRX Timer. Once non-DRX Timer expires, devices moves to DRX mode of packet Idle state in the Ready state, where device monitors only its own paging group and is reachable with a higher latency depending on paging/DRX cycle. If packet arrives in DRX mode of Packet Idle State, network usually pages the device and device goes for Random Access process. To reduce such Random access signalling, possible solution is to keep the devices in Ready State non-DRX mode with device monitoring all Packet common control channels (PCCCHs). However, it may result in unacceptable battery consumption.

In this contribution, we explore Ready State discontinuous reception (RS-DRX) as a possible solution to reduce network access signalling overhead while keeping the device power consumption lower for IoT devices which have frequent traffic arrivals.

2.	Ready State with DRX:
A Ready state DRX (RS-DRX) for EC-GSM can be beneficial for specific IoT use cases (such as Industrial IoT) where IoT devices are expected to get frequent traffic. The IoT devices will remain in the Ready State so that network can reach these devices with lower latency and lower signaling. In the proposed solution, IoT devices go to sleep in between data receptions/transmissions in the Ready state in order to save device power. During sleep, the device skips monitoring packet common control channel PCCCHs. The device periodically wakes up for a short duration to check for possible downlink (DL) assignment messages. During the short awake period, the device monitors all DL PCCCHs. When an incoming (DL) packet arrives for a device, network sends a downlink assignment message on any of the PCCCHs in that cell during the awake period of the device. The device can wake up immediately from the sleep for any uplink (UL) pending transmission at higher layer. This mechanism is referred as Ready State Discontinuous Reception (RS-DRX) in this contribution.

2.1	Ready-State Discontinuous Reception (RS-DRX)
The major steps of the RS-DRX are described in the following steps:
· The IoT device always remains in Ready State by deactivating READY Timer function. 
· Based on TS 23.060 [2], if the timer length is set to all “1”s (binary), the READY timer function is deactivated, i.e. the timer no longer runs and the device remains in READY state.
· Device can request for deactivating READY Timer to the network during Attach Request. 
· Alternately, when device requests for Ready State DRX (RS-DRX) configuration in the attach request, network deactivate the READY Timer for the device in its response.
· Eliminating Standby State to Ready State transitions saves a lot of network signaling as it reduces number of random access process triggers significantly and also avoids routing area (RA) level flooding of paging messages.
· The device asks for Ready State DRX (RS-DRX) configuration in the attach request through a new field in the attach request message.
· BSS sends the RS-DRX parameters (RS-DRX ON duration and RS-DRX Sleep duration) in the attach response.
· The device’s request for RS-DRX may be forwarded to the core network (e.g., SGSN) by the BS so that
· Network (i.e. Core Network entity such as SGSN) sets READY Timer as deactivated for the device so that the device remains in Ready State with the RS-DRX mechanism running in the Ready state.
· Network sets legacy non-DRX Timer as zero for the device and sends to the device.
· Upon being configured for RS-DRX, device stays in READY state with RS-DRX running in the READY state to save device power.
· Although RS-DRX performs better in terms of signaling overhead reduction, the power consumption in RS-DRX Sleep may be slightly higher than the Standby mode sleep. Therefore, if the packet-inter arrival time is longer (e.g., in hours or days), benefits of keeping device always in Ready State with RS-DRX diminish.
· On completion of TBF, device does not start non-DRX Timer. The value of non-DRX Timer is considered 0. The device starts periodic RS-DRX cycles until next establishment of TBF (i.e., until next arrival of LLC PDU).
· After completion of TBF, device goes to RS-DRX ON duration where it monitors all DL PCCCHs to check for DL assignment message. 
· A short wait timer (e.g., smaller value of non-DRX Timer) may be defined such that non-DRX Timer starts after completion of transmission/reception of TBF. The device then moves to RS-DRX ON state on expiry of non-DRX Timer.



Fig. 1. Ready State device behaviors in existing and proposed systems.
· RS-DRX ON duration is configured relatively very small compared to legacy non-DRX Timer to minimize device’s awake period in order to save device power.   
· If no DL assignment message received during RS-DRX ON duration, devices goes for sleep for duration equal to RS-DRX Sleep. During this period device does not monitor any PCCCHs. It may also skip other power consuming activities such as serving/neighbor cell measurements.
· If a DL packet arrives while device is in RS-DRX Sleep, network (such as BSS) stores/buffers the packet and sends DL assignment message in the next RS-DRX ON duration which follows current RS-DRX Sleep. 
· Avoiding longer legacy non-DRX state saves device power as during this period device is always fully awake monitoring all PCCCH.
· RS-DRX procedure can also eliminate legacy Packet Idle DRX mode in the Ready state where device can be reached only by paging during its paging group. In the legacy DRX state paging, device usually goes for random access in response to paging. RS-DRX can reduce number of random access triggers and also reduce device reachability latency. 
· RS-DRX ON and RS-DRX Sleep states alternate each other until the next packet (LLC PDU) arrival. A RS-DRX ON and a RS-DRX Sleep constitute a RS-DRX Cycle. Upon arrival of next packet, RS-DRX cycle is terminated and TBF is established. On completion of TBF, RS-DRX cycles start again.
· Upon UL packet arrival from higher layer, device can terminate DRX cycle immediately even during RS-DRX Sleep.
· Fig. 1 presents a typical example showing device states and behaviors in existing and proposed systems.
· If the packet arrival for IoT device is periodic, RS-DRX cycle can be aligned in such a way that device is in DRX ON during or right after the packet arrival. It can be done by selecting DRX cycle in such a way that the packet arrival period is integer multiple of DRX cycle.
· Fig. 2 shows an example where CIoT packet arrival period is aligned with RS-DRX cycle.


Fig.2. An Example showing RS-DRX aligned with periodic industrial CIoT packet arrival.

3.	Conclusions:
A Ready State discontinuous reception (RS-DRX) can be introduced in the EC-GSM as a possible solution to reduce signaling overhead while keeping the device power consumption lower.  It can be beneficial for specific IoT use cases (such as Industrial IoT) when IoT devices are expected to get frequent traffic. The IoT devices remains in the low device power consumption Ready State so that network can reach these devices with lower latency and lower signaling.
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