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pCR TR 45.820 – EC-GSM, Ready State DRX for Cellular IoT
1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design. Both solutions require reducing the signaling overheads in the network given the massive number of IoT devices required to be supported while also achieving device energy savings through the use of DRX cycles.
1.2
Reason for change

A method for realizing READY state DRX is needed for specific use cases (such as Industrial IoT) where the devices have frequent data transmission and reception. For such use cases, there may be a significant impact on network signalling overhead due to state transitions from Standby to Ready state and vice versa. This can become even more critical in the case of massive IoT devices as several thousands of these devices may perform such state transitions in the network. The amount of paging related signaling savings can also be very attractive for other stationary or low mobile IoT devices.
1.3
Summary of change

The TR is updated to provide a description of a solution appropriate for realizing Ready State DRX for EC-GSM devices as well as other Gb interface (GERAN) based solutions.
1.4
References

[1]
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[2] 3GPP TS 23.060 V13.2.0 (2015-03), General Packet Radio Service (GPRS); Service description; Stage 2 (Release 13) pCR to 3GPP TR 45.820-v1.3.1
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6.2.5.17
Realizing Ready State Discontinuous Reception
6.2.5.17.1
Ready State Performance without Discontinuous Reception
In case of DL packet arrival during packet Idle state (of Ready State), the device is known to cell level. As a result, the BSS may be able to send DL assignment to the device on the device’s group specific paging channel without asking device to go for the Random access process. If timing advance is not valid in existing packet Idle state (of Ready State), BSS can send an immediate assignment on the group specific paging channel with timing advance update request. For example, BSS may trigger the mobile station to transmit a PACKET CONTROL ACKNOWLEDGEMENT message as four access bursts in the reserved uplink radio block specified by the RRBP (reserved radio block period) field. The reserved block is considered as a one block PACCH allocation. The PACKET CONTROL ACKNOWLEDGEMENT message (i.e. four radio bursts) is used to derive the timing advance in UL. However, scheduling DL assignment on their group paging channels for massive number of devices in the existing packet Idle mode of Ready state can be challenging.
6.2.5.17.2
Ready State Discontinuous Reception (RS-DRX)
RS-DRX may provide higher flexibility to BSS in order to send DL assignment compared to that in existing packet Idle state (of Ready State), as device monitors all PCCCH in RS-DRX during awake period (RS-DRX ON). RS-DRX ON duration can be configured of variable length dynamically by BSS based on the network load. 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.
This aspect of realizing RS-DRX requires the following steps at the radio interface and the SGSN.
· 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.

· 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

· The 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.
· 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.
· If no DL assignment message received during RS-DRX ON duration for DL packet arrival or if there was no UL packet arrival during the last RS-DRX Sleep, device 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.

· If a UL packet arrives while device is in RS-DRX Sleep, device waits to perform random access process 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 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.
· 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.
· A RS-DRX Start offset may also be defined to give BSS more flexibility for controlling distribution of RS-DRX ON periods of various devices. After end of TBF, device will wait for RS-DRX Start offset before entering RS-DRX cycle. During RS-DRX Start offset, device may monitor all DL PCCCH.
6.2.5.17.3
Realizing eDRX - Solution Summary
The solution for supporting RS-DRX operation (see sub-clause 6.2.5.17.2) is as follows: 

· EC-GSM and other GERAN based devices negotiate the RS-DRX configuration with the SGSN in the Attach Request.

· Upon receiving the RS-DRX configuration, the device stays in READY state with RS-DRX running in the READY state to save device power.
· After completion of TBF, device goes to RS-DRX ON duration where it monitors all DL PCCCHs to check for DL assignment message. If no DL assignment message is received during RS-DRX ON duration or if there was no UL packet arrival during the last RS-DRX Sleep, the device goes to sleep for the RS-DRX Sleep duration as per the configuration and does not monitor any PCCCHs. It may also skip other power consuming activities such as serving/neighbour 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.

· If a UL packet arrives while device is in RS-DRX Sleep, device waits to perform random access process in the next RS-DRX ON duration which follows current RS-DRX Sleep.
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