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On Further Energy Saving for EC-GSM-IoT
introduction
One of the key objectives of Low Complexity Cellular IoT (CIoT-LC) solutions is to achieve increased battery life time by means of energy efficient mechanisms introduced for both idle mode and connected mode operation. Important features related to higher energy efficiency at device are eDRX and PSM, introduced in Rel-13. Due to the fact that new uses cases for CIoT are observed, further energy saving mechanisms need to be investigated as depicted in section 2. Section 3 provides an overview for two candidate solutions, section 4 contributes an energy consumption analysis and section 5 draws the conclusion. 

NEW USE CASES FOR CIoT
The battery life time estimation for CIoT-LC solutions as studied in [1] considers the time taken for transmission of the uplink report which includes the time taken for the MS to synchronise to the network at the time of sending the uplink report. However, the estimation excludes the component of energy consumption due to paging reception during the eDRX cycle since based on the assumption that the device will be configured with PSM.  
With commercial deployments of CIoT networks started, new use cases which require reduced latency for network commands are becoming more relevant. Use cases such as unlocking of smart-bikes based on payment reception at server or network command based tracking of devices for fleet management purposes, require low latency for the network command which in turn requires the MS to operate a lower eDRX cycle, such as a few minutes, while the frequency of network commands to the MS in these use cases is still expected to be rather low. 
With reduction of the eDRX cycle, the battery life time calculation based merely on the uplink report needs to be revisited to consider the contribution of the additional energy consumption for page monitoring including network synchronisation for every wake-up. This is provided in section 4.
Thus, further optimization of energy saving mechanisms introduced in Rel-13 to improve the battery life time for new use cases, like the one depicted above, is believed necessary to maintain the competitiveness of cellular IoT networks against non-cellular candidates.

key areas for further energy SAVING
This section depicts key areas for further energy saving for EC-GSM-IoT.





Paging indication channel for energy saving for paging reception
Considering a device configured with a lower eDRX cycle as the focus for investigating energy saving, the main components of the MS energy consumption during the eDRX cycle need to be analysed for potential improvement of these components.
During every paging reception, depending on the eDRX cycle, the MS will wake-up from deep sleep state followed by network synchronisation using FCCH and EC-SCH. Once the MS is synchronised to the network, it attempts to read the EC-CCCH blocks corresponding to its paging group to check whether the conveyed RRC message therein carries any page for it.
Depending on the paging load in the system, the page reception is expected to be frequently unnecessary, since the MS receives and decodes the EC-CCCH block without receiving any page for it.
The MS energy consumption for paging reception depends 
· on the number of EC-CCCH blocks to be received by the MS; 
· the number of FCCH and EC-SCH and eventually SCH bursts, which the MS needs to receivedue to network synchronization prior to paging reception, depending on the eDRX cycle, 
· on the task to maintain phase coherency, i.e. LO synchronisation, between the actual EC-CCCH burst receptions.
The number of such blocks / bursts is directly related to the coverage class of the MS.
The Rel-13 EC-GSM-IoT feature contains already an energy efficient mechanism for EC-CCCH reception where EC-CCCH blocks addressed to a MS in a higher CC use a different TSC than EC-CCCH blocks addressed to a MS in CC1. The MS in the higher CC uses a TSC based correlation mechanism to early terminate the reception. As per the energy consumption analysis [2], this mechanism improves the energy consumption due to paging reception for a higher coverage class by 30%. With this mechanism, an MS in CC4 needs to receive only around 20 bursts instead of 64 bursts assuming check points for coverage class detection at block level.
Assuming a lower eDRX cycle, further energy saving mechanism in addition to the above mechanism needs to be identified.  In particular, the introduction of a new channel or burst to indicate the page presence in the upcoming EC-CCCH blocks, which only needs to convey a binary information (whether any page is present or not in the set of next paging occasions) can be considered as one solution.
Proposal 1: Introduction of a new channel / burst format for paging indication should be considered as candidate solution for further energy saving for EC-GSM-IoT in Rel-15.
For devices in PEO operation, an additional indication for paging is expected to improve the energy efficiency. Assuming a single burst providing information on paging indication for multiple CCCH blocks, reading of the PCH can be avoided in many cases for PEO devices, even at low SINR condition.


Proposal 2: Additional paging indication channel / burst format should be investigated also for PEO to improve the overall energy consumption of idle mode PEO devices.

System Information acquisition improvements 
In existing networks after reselection to a new cell, the MS needs to acquire the system information broadcasted in the cell. However, if the MS does not have any uplink report transmission it only needs to read paging messages after cell reselection. In such cases, system information acquisition is not required. In particular, by further improvements such as coordination of system information parameters within a group of cells, it is made possible for an MS to skip the system information acquisition after cell reselection and defer the system information acquisition until the uplink transmission event.
Thus, in addition to the above depicted mechanism for energy saving, further potential for energy saving due the defer of system information acquisition should be investigated to increase the overall energy saving.
Proposal 3: Further optimisation of system information acquisition related procedures for idle mode should be considered as candidate solution to improve energy efficiency for EC-GSM-IoT in Rel-15.

ENERGY consumption analysis for ec-gsm-Iot
As per initial re-estimation of battery life time calculation [2], the battery life time for MS in CC4 coverage condition with highest eDRX cycle of 52 minutes will reduce from 10 years to 8 years for the same traffic profile. This indicates that the eDRX cycle length has an essential impact on the battery life time and thus underlines the importance of any paging reception energy saving.
Assuming that two bursts can provide the proposed paging indication down to a low SINR with a sufficiently low false detection probability for the paging indication, the improvement related to MS energy consumption is calculated below.
For the energy consumption calculations, following values are taken from [1] as reference.
	V
	3.3 Volts

	I (Light Sleep)
	1000 uA

	I (Reception of Bursts)
	30000 uA

	I (PLL Active between reception)
	30000 uA


Table 1: Idle mode MS characteristics.
Energy consumption during paging reception for MS in CC4 condition is calculated as below.
The number of bursts for network synchronisation is derived from the time taken for network synchronisation at 164 dB MCL. Network sync time at 164 dB MCL condition =577 ms. This corresponds to ~1000 bursts. Table 2 and Table 3 depict the MS energy consumption for the reference case (TSC based differentiation in Rel-13) and the proposed enhancement (paging indication channel), respectively, for the case that the MS is not paged.
	
	Number of bursts
	Energy consumption (µJ)

	Network Synchronisation bursts
	1000
	57123


	Number of EC-PCH bursts for CC4
	64
	

	Average number of EC-PCH bursts received for CC4 (with TSC based differentiation mechanism)
	20
	1142


	Number of bursts -PLL Maintained during EC-PCH reception (with TSC based differentiation mechanism)
	133
	7597


	Light sleep bursts between EC-CCCH blocks across 51 MF
	280
	533

	Total Energy consumption
	
	66395


Table 2: MS energy consumption for the EC-GSM-IoT reference case (Rel-13).
In Table 3 the MS energy consumption during page reception with Paging Indication channel (mapped to two bursts) is depicted. Only two consecutive bursts need to be received for the paging indication in case the MS does not receive any page during this occasion.
	
	Number of bursts
	Energy consumption(uJ)

	Network Synchronisation bursts
	1000
	57123


	Number of bursts for CC4
	64
	

	Average number of bursts received for CC4 (with TSC based differentiation mechanism)
	2
	114


	Number of bursts -PLL Maintained during EC-PCH reception (with paging channel indication mechanism)
	7
	400

	Light sleep bursts
	0
	0

	Total Energy Consumption
	
	57637


Table 3: MS energy consumption for the proposed enhancement (Rel-15).
Based on the above calculations, the energy consumption with paging indication channel when no page is received for MS is improved by 14.2 %.
Considering the paging load situation, where in 10% of the paging occasions MS receives a valid page to any of the MS in its paging group, the energy saving is estimated to be 12-13%.
The network synchronisation time assumed here corresponds to the number of bursts for the duration of 577 ms [1] which is equivalent to 1000 bursts. The model used for sync time estimation does not assume any light sleep in between the 51-multiframe during synchronization. Moreover, use of legacy SCH in addition to EC-SCH for synchronisation is not assumed here. With more sophisticated MS implementation for network synchronization, the energy consumption for network synchronisation is expected to be further reduced beyond the above given extent.  Moreover, with shorter eDRX cycle the frequency and time drift between paging occasions will be lesser compared to longer eDRX cycle. Hence with shorter time required for network synchronisation in case of lower eDRX cycle, the major component of the MS energy consumption for paging reception will be due to the reception of repetitions of the EC-CCCH blocks. 
For example, if the network synchronization time decreases from 1000 bursts to 500 bursts due to lower eDRX cycle value (yielding a reduced duration for deep sleep between paging occasions), the energy consumption without using a paging indication channel is estimated as ~ 38000 uJ and energy consumption with paging indication channel is estimated as ~ 28000 uJ. The energy consumption with paging indication channel is thus improved by 24%.
With a more sophisticated design of the paging indication channel, the energy saving can be further improved beyond the above values. The same is true in regard to avoiding system information acquisition, which in particular impacts devices with low mobility and devices at cell edges. 

CONCLUSION
The new use cases related to CIoT networks require devices to be configured with a lower eDRX cycle. For such use cases, further enhancements to improve the energy efficiency is essential to obtain higher battery life time performance. Thus, in this paper the introduction of a paging indication channel and the improved system information acquisition in idle mode are presented as potential solutions to achieve this objective.
The sourcing companies propose to investigate and introduce the above enhancements for EC-GSM-IoT and PEO within a Rel-15 work item, thus allowing for EC-GSM-IoT/PEO devices with optimum energy consumption, even in case of lower eDRX cycle configuration. The proposed work item draft is provided in [3].
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