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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. 

This document is an update of R6-170499 submitted to RAN6#6. 

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. The impact on battery life time when the energy consumption due to page reception during paging occasion is considered, along the energy consumption for transmission of a single MAR per day with 220 bytes, is illustrated in Figure 1.
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Figure 1: Impact of different eDRX cycle lengths to battery life time.
As per figure 1, the battery life time is reduced to 2.5 years when the eDRX cycle is configured as 6.5 minutes. This is observed although the energy consumption for network synchronisation and common control channel monitoring during paging occasion is smaller for monitoring the page, if the MS is configured with lower eDRX cycle (more frequent paging occasions), since the frequency and time drifts are lower between consecutive paging occasions. 
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 receive due to network synchronization prior to paging reception, depending on the eDRX cycle, 
· the effort for 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 through a 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 devices in Rel-15.
Overview of paging indication channel related enhancements for EC-GSM-IoT
To reduce the energy consumption at MS for EC-CCCH reception for page monitoring, a control channel, hereafter identified as EC-PICH (Extended Coverage Paging Indication CHannel), is introduced in the control multiframe structure. In order to reduce the impact to legacy MS for paging reception, the new control channel is mapped onto TDMA frames where EC-AGCH blocks are exclusively mapped. The EC-PICH block containing 2 bursts carries a single information bit of whether a paging is sent in the subsequent EC-CCCH blocks for a higher coverage class, i.e. for CC2 to CC4. With the mapping of 2 EC-PICH blocks in every 51-multiframe, i.e. in FN 15 to FN 18, it is possible to map EC-PICH for CC4 and CC2/CC3 in different EC-PICH blocks. With this coverage class specific EC-PICH channel, it is feasible to indicate page presence for different coverage classes separately thus avoiding higher CC MS wake-up when lower CC page is scheduled. It is noted that this drawback exists in Rel-13, since the TSC of the EC-CCCH block is common for devices in higher CC and hence a higher CC (e.g. CC4) MS will need to wake up, even if the page is addressed to a CC2 or CC3 MS. 
An exemplary mapping of EC-PICH blocks in the control multiframe structure is provided in Figure 2.
[image: ]Figure 2: Paging Indication Channel for EC-GSM-IoT.
For CC2/CC3 paging indication, one EC-PICH covers the paging indication for all the paging occasions in 2*51 multiframes to reduce the number of paging occasions mapped to single indication.  So there will be two EC-PICH blocks for every 4*51 multiframes. If single burst is sufficient for detection of EC-PICH each burst can be mapped to subgroup of paging occasions within 2*51 MF for CC2/CC3 case.
3.1.2 Applicability to devices in PEO operation 
For devices in PEO operation, an additional indication for paging, sent in a CCCH block occupying FN6 to FN9 (in case of no BCCH Extended) or FN 12 to FN15 (in case of BCCH Extended), identified as PICH block, as shown in Figure 3, is expected to also improve the energy efficiency. Assuming a single burst of this block provides all information on the paging indication for multiple successive CCCH blocks per 51-multiframe, i.e. 8 bits for 8 successive CCCH blocks as well as the IMM CHANGE MARK information (i.e. 2 bits, see section 3.2.1 below), thus totally 10 bits, and following three bursts repeat this information, reading of the PCH can be avoided in many cases for PEO devices, even at low SINR condition. In this case the support for sending the PICH, instead of an AGCH or PCH, is foreseen to be signalled to the device as part of SI (i.e. in SI rest octets and in the neighbour cell information).
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Figure 3: Paging Indication Channel for PEO (for cases with and without BCCH Ext).
Proposal 2: Additional paging indication channel / burst format should be investigated for PEO to improve the overall energy consumption of idle mode for 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 to 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 devices in Rel-15.

Overview of System Information acquisition related enhancements for EC-GSM-IoT
[bookmark: _GoBack]As per Rel-14 specification, MS capable of EC-GSM-IoT acquires all the system information contents of the new cell when the MS reselects to this new cell as part of idle mode cell reselection. However, the MS does not require all the system information contents in the new cell until it starts the random access procedure for uplink data transfer. If the system information parameters related to idle mode paging monitoring and serving cell monitoring are kept identical across a group of cells, the MS can skip reading system information in the new cell if the new cell is part of the same group. Thus the MS can acquire other system information parameters just prior to uplink transmission if required. With such enhancement, it is possible to reduce the energy consumption of an EC-GSM-IoT capable MS which is deployed in low mobility scenario with less frequent uplink transmissions than cell reselections. For example, an EC-GSM-IoT capable MS deployed for pet tracking / parcel tracking will keep moving across cells but with uplink data transmission scheduled with low frequency as per application requirement.
For the proposed enhancement to work, a set of parameters related to paging reception, coverage class selection and serving cell measurements is identified. This set of parameters can be referred to as Idle mode mobility configuration (IMM configuration). For this purpose, a new Change Mark (IMM CHANGE MARK) flag is introduced to track changes of these parameters across a group of cells.
In addition, the neighbour cell information for each of the cells includes an additional parameter indicating whether the neighbour cell contains same IMM configuration as the serving cell or not. If the operator maintains the same IMM configuration at routing area level, the neighbour cell information indicates whether it shares the same routing area as the serving cell or not.
For the above depicted enhancement, the EC-GSM-IoT feature requires following changes.
· A new parameter IMM CHANGE MARK (2 bits) is signalled towards the MS. Two options exist:
· Option 1: In combination with 1 bit used for indicating the support of the EC-PICH using these 2 bits will consume all available three spare bits of the EC-SCH contents (see TS 44.018). Hence in this option all the spare bits of EC-SCH are utilised for this feature which will not allow future extension of the EC-SCH functionality. 
· Option 2: Alternatively, in combination with 1 bit used for indicating the EC-PICH, one spare bit of the EC-SCH will indicate the presence of the new short EC common control channel which carries the IMM CHANGE MARK information, hence only consuming 2 of 3 spare bits of the EC-SCH and thus allowing for future extension of the EC-SCH functionality. The new EC Control Channel "EC-Idle mode-Mobility-Control CHannel" (EC-IMCCH) then carries 2 bits corresponding to the IMM CHANGE MARK which are mapped to 2 bursts in consecutive TDMA frames corresponding to the new EC-IMCCH block. Hence an EC-IMCCH block replaces one EC-AGCH block following the EC-BCCH allocation in the control multiframe, allowing still for transmission of an EC-AGCH block in the allocation preceding the EC-PCH allocation in the control multiframe.
· The performance for encoding of 2 bits over the 2 bursts of the EC-IMCCH block and the required number of repetitions (expected to be fewer than 4) to achieve the maximum coverage performance will be investigated during the work item phase. 
· If it is feasible to include more bits in the new channel (EC-IMMCH), these bits may e.g. convey the paging-cell-group identifier with few bits. The paging-cell-group identifier is to identify the cell group within which the idle mode mobility parameters are configured with the same value. If two neighbouring cells use the same idle mode mobility configuration, these cells also transmit the same value of the paging-cell-group-identifier. On cell reselection, the MS checks the paging cell group identifier of the new cell if matching to that of the last serving cell and if it matches, the MS checks the IMM CHANGE MARK information to decide on the need for reading the system information in the new cell prior to receiving pages. Otherwise, if the paging-cell-group-identifier is different, the MS immediately starts system information acquisition in the new cell. With this new parameter (paging-cell-group identifier), inclusion of the indication of common idle mode mobility parameter in the neighbour cell configuration of each cell can be avoided. 
Modifications to the control multiframe structure for system information acquisition enhancements for idle mode mobility along with EC-PICH are illustrated in Figure 4.
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Figure 4: Common control channel changes for System Information acquisition enhancements related to idle mode mobility (i.e. new channel EC-IMCCH is added).
Note: EC-IMCCH being mapped to every alternative 51 multiframe in this figure is for illustration of mapping where EC-IMCCH may require one repetition to achieve the maximum coverage performance (i.e. for CC4 devices). In case EC-IMCCH can achieve the required performance with a single block, the additional transmission in the fourth 51-multiframe (yellow) will not be required. Instead, the additional block can be used for an EC-AGCH transmission.
Out of 8 EC-AGCH blocks for CC1 transmission, new channels EC-PICH and EC-IMCCH occupies 5 blocks. Overall capacity of EC-AGCH considering all the possible EC-CCCH blocks within 51 multiframe is reduced by 9%. (Number of available EC-CCCH blocks for EC-AGCH transmission is reduced from 72 to 67 in 4*51 multiframes.)
Actual capacity impact for EC-AGCH transmission depends on the paging load in the system. With the traffic model for EC-GSM-IoT device being uplink centric, the number of paging transmissions compared to EC-AGCH transmission is expected to be lower. Thus, the impact of additional channels on the EC-CCCH capacity for EC-AGCH transmission is lesser and does not impact the capacity required to support the maximum number of devices per cell. Number of EC-AGCH blocks available for every 1 second is ~67 (after reduction of blocks due to new channels) which is higher than the access attempt of around 7 access attempt /sec as per the traffic model defined in TR 45.820.

3.2.2 Applicability to devices in PEO operation 
For devices in PEO operation, the support for sending the IMM CHANGE MARK information together with indications for page presence in the PICH channel of the new cell, i.e. in FN6 to FN9, instead of an AGCH or PCH, is foreseen to be signalled to the device as part of the neighbour cell information of the serving cell for each neighbour cell.
Proposal 4: Further optimisation of system information acquisition related procedures for idle mode should be considered as candidate solution to improve energy efficiency for PEO devices 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. First the potential for energy saving is evaluated for the paging indication channel related enhancements, and thereafter for System Information acquisition related enhancements.
Energy Saving Estimation for Paging indication channel related enhancements 
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.
	Voltage
	3.3 Volts

	Current (Light Sleep)
	1000 uA

	Current (Reception of Bursts)
	30000 uA

	Current (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 is 577 ms [1]. This corresponds to ~1000 bursts. Table 2 and Table 3 depict the MS energy consumption for the reference case (TSC based discrimination 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)
	(3656)

	Average number of EC-PCH bursts received for CC4 (with TSC based discrimination mechanism in Rel-13)
	20
	1142


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


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

	Total Energy consumption
	1433
	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(µJ)

	Network Synchronisation bursts
	1000
	57123


	Number of bursts for CC4
	(64)
	(3656)

	Average number of bursts received for CC4 (with paging channel indication 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
	1009
	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 in the range 12 to 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 µJ and energy consumption with paging indication channel is estimated as ~ 28000 µJ. 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. 

Coverage Performance of EC-PICH channel
With definition of two known sequences to represent the paging presence /absence within the EC-PICH burst, it is possible to achieve required paging indication performance at CC4 coverage condition with single EC-PICH block. For paging indication to CC2/CC3 users, single burst will be sufficient to achieve the required paging detection performance. Thus, single EC-PICH block for CC2/CC3 can carry 2 bits of information indicating paging presence for coverage class specific EC-PCH blocks in subsequent 2*51 multiframes.

Annex B captures the simulation environment and the paging detection performance of EC-PICH for CC4 and CC3 coverage conditions.

Energy Saving Estimation for System Information acquisition enhancements for Idle mode mobility
The energy consumption for System Information acquisition including reading of EC-BCCH blocks and maintaining PLL between TDMA frames of the same EC-BCCH block and light sleep between the repetitions across multiple 51-multiframes for a mobile station with the network transmitting a set of 4 EC SI messages, is approximately equal to 30% of the energy consumption for single MAR report transmission with size of 50 bytes. The detailed calculation can be found in Annex A. 

For a MS which is changing cells more frequently than actual uplink transmission rates, the overall battery lifetime is impacted due to additional energy consumption to uplink transmissions due to idle mode mobility operation.

To illustrate the benefit of energy saving due to System Information acquisition enhancements, following traffic and mobility characteristics are assumed for the MS for the evaluation:

· MS generates one MAR with size of 50 bytes for every 2 hours. This corresponds to 1 MAR /2 hour traffic profile referred in [1].
· Idle mode mobility rate of the MS: 2 cell changes / hour 
· Coverage condition of the MS: CC2.
· EC System Information set: 4 EC-SI messages
· Within day MS also changes routing area boundary 2 times. Number of Routing area changes /day: 2.

This profile corresponds to CIoT device deployed for smart bike/cycle rental where the bike is taken for rental and expected to roam around and returned back crossing multiple cells of two routing areas. The device reports the distance covered/location as per the MAR profile. Here we assume single routing area covers 200-300 cells and the system uses same idle mode configuration within all cells of the routing area.

For the above profile, the battery lifetime of the MS considering the power consumption for System Information acquisition along with the uplink transmission is estimated using the reference values mentioned in [1] and is given Table 4. 

	Mobility/Traffic Profile
	Battery life time (Years)

	No mobility, 1 MAR (50 bytes) /2 Hours
	14.1 [1]

	2 Cell changes/ hour, 1 MAR (50 bytes) /2 hours, 2 Routing area updates /day
(without optimization related to SI acquisition during cell change)
	5.2  (see Annex A)

	2 Cell changes/ hour, 1 MAR (50 bytes) /2 hours 
(with optimization related to SI acquisition during cell change)
	6.95  (see Annex A)



Table 4: Expected battery life time depending on the mobility profile and on the use of System Information acquisition enhancements. Refer to Annex A for details on the estimation of the battery life time.

For the cell change part, without system information acquisition enhancements, the MS needs to acquire new system information 48 times on a single day for the given mobility profile. With the enhancements, the MS need not acquire system information during cell change given the cell change is within the group of cells having the same idle mode parameters, but instead only reads the new EC-IMCCH channel which is transmitted over 2 bursts. In this case the MS needs to acquire complete system information only prior to uplink transmission after having received a page. Thus, the number of times the MS acquires system information prior to monitoring the page is reduced from 48 to 12 (hence each time prior to uplink transmission). With this additional enhancement the evaluation above shows that the battery lifetime for the same mobility profile is increased by 34%.

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 are 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 and corresponding evaluations are presented confirming the potential for energy saving.
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 required to cover use cases with low latency requirements. The proposed work item draft is provided in [3].
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Annex A
Battery lifetime estimation for idle mode mobility scenario with system information acquisition optimization
Following are the assumptions related to this estimation. Some figures are taken from [1] as indicated.
	Battery Power
	5 Wh  [1]

	Total Energy value 
	18000 J



For traffic profile of 1 MAR Report (50 Bytes) /2 Hours, the energy consumption per day and single report energy consumption for a MS with no mobility is derived in below table.
	Battery life time (years)
	Average Energy consumption per day [J] (12 MAR rep./day)
	Energy Consumption for single MAR Report [J]

	14.1  [1]
	3.4975
	0.2914



A) Reference case (Rel-13)
Energy consumption is analysed below corresponding to System Information acquisition for a Rel-13 device in CC2 coverage condition and is based on power consumption of 99 mW per reception burst and per PLL maintenance and 3,3 mW per TS in light sleep [1].
Energy consumption for EC SI Reception
	Step
	Number of bursts
	Total Energy [uJ]

	EC-BCCH reception bursts (over 4 MFs)
	32
	1827.936

	PLL Maintenance between bursts within same 51 MF (over 4 MFs)
	224
	12795.552

	Light Sleep (over 4MFs)
	3008
	5727.5328

	 Energy consumption for 1 EC SI
	 
	20351.0208

	 
	 
	

	Energy consumption for 4 EC-SI Reception
	 
	81404.0832
(= 0,0814 J)



Energy consumption for EC SI acquisition per day
	Energy consumption
	Energy [J]

	Network Synchronisation  
(Assumption: receiver is active for all the bursts for 300 msec for CC2 condition [1])
	0.0297

	for SI monitoring considering 4 EC-SI message reception
	0.0814

	for combined Network Sync and SI monitoring
	0.1111

	for mobility profile of 2 cell change /hour
(48 cell change per day  48 SI acquisition instances)
	5.3328




Total energy consumption per day and battery life time estimation 
Battery lifetime for MS having traffic/mobility profile as indicated in section 4.2 is estimated below.
	Energy consumption
	Energy [J]

	per day for MAR (see figure above)
	3.4975

	per day for SI acquisition + Network Sync
	5.3328

	additional contribution due to Routing area update procedure with 2 RAUs per day (equal to 2 MAR reports as same energy consumption as for MAR Report (see above) is assumed)
	0.5829

	Total per day
	9.4132


	Battery life time (years) without SI acquisition enhancement
	5,2389




Observation 1: The battery life time is reduced from 14.1 years to 5.2 years if the MS with MAR reporting profile is also moving as per the given mobility profile.
B) Proposal with System Information acquisition enhancements
Energy consumption is analysed below corresponding to reception of new EC-IMCCH channel and is based on power consumption of 99 mW per reception burst and per PLL maintenance and 3,3 mW per TS in light sleep [1].
Energy consumption for cell change with EC-IMCCH acquisition
	Energy consumption for new channel
	Duration [bursts]
	Energy[uJ]

	EC-IMCCH reception
	2
	114.246

	PLL maintenance between bursts within the same 51 MF
	7
	399.861

	Total for one EC-IMCCH reception 
	9
	514.107

	Network Synchronisation
(Assumption: receiver is active for all the bursts for 300 msec for CC2 condition [1]),see above
	
	29700

	Total Energy consumption for cell change
	
	30214.107
(= 0.0302 J)



Energy consumption for EC SI acquisition / day
The energy consumption corresponding to the SI acquisition part with the proposed enhancement is given in below table.
	Energy consumption
	Energy [J]

	for reading complete system information prior to MAR transmission (12 system information acquisition prior to MAR transmission + 2 system information acquisition prior to Routing area update, see figure for EC SI acquisition above) along with Network synchronisation
	1.5554



	for reading new channel EC-IMCCH for cell change within same paging cell group (routing area) (48 receptions per day) along with network synchronisation
	1.4504


	Total for SI +Network sync acquisition
	3.0059




Total energy consumption per day and battery life time estimation 
Battery lifetime for MS having traffic/mobility profile as indicated in section 4.2 is estimated below.
	Energy consumption
	Energy [J]

	per day for MAR (see figure above)
	3.4975

	per day for SI acquisition (from above)
	3.0059

	additional contribution due to Routing area update procedure with 2 RAUs per day (equal to 2 MAR reports as same energy consumption as for MAR Report (see above) is assumed)
	0.5829

	Total per day
	7.0864


	Battery life time (years) with SI acquisition enhancements
	6.95



Observation 2: The battery life time is increased from 5.2 to 6.95 years for MS in idle mode mobility. 

Annex B
Link Level Simulation Results for EC-PICH channel
Following is the Burst format used for EC-PICH channel.

Wake-up signal (WUS): 
Indicates the presence of paging in a set of EC-PCH blocks. 

	Tail Bits (3) 
	As in existing Normal Burst

	WUS Seq (142)*
	[0,1,0,0,0,1,0,0,0,1,1,1,0,1,0,1,1,1,0,1,1,0,1,0,0,0,0,0,1,0,0,0,0,1,0,1,1,
0,0,0,1,0,0,0,1,1,1,0,1,0,1,1,1,0,1,1,0,1,1,1,1,0,1,1,1,1,0,0,0,1,0,0,1,0,1
,1,1,0,1,1,1,1,0,0,0,1,1,1,0,1,1,0,1,0,0,0,0,0,1,0,0,0,0,1,0,1,1,0,0,0,1,0,
0,0,1,1,1,0,1,0,1,1,1,0,1,1,0,1,0,0,0,0,0,1,0,0,0,0,1,0,1,0]

	Tail Bits (3) 
	As in existing Normal Burst

	Guard Bits (8)
	As in existing Normal Burst




Go-to-sleep signal (GTS):
Indicates that no page is present in a set of EC-PCH blocks.

	Tail Bits (3) 
	As in existing Normal Burst

	GTS Seq (142)*
	[0,0,1,0,0,0,0,1,0,1,1,0,0,0,0,0,1,1,1,0,1,0,0,1,0,1,0,1,1,1,0,1,1,1,0,0
,0,1,0,0,0,0,1,0,1,1,0,0,0,0,0,1,1,1,0,1,0,0,0,1,0,0,0,1,0,1,1,1,0,0,1,1,
1,1,1,1,0,0,1,0,1,0,0,1,0,0,1,1,1,0,1,0,0,1,0,1,0,1,1,1,0,1,1,1,0,0,0,1,
0,0,0,0,1,0,1,1,0,0,0,0,0,1,1,1,0,1,0,0,1,0,1,0,1,1,1,0,1,1,1,0,0,0]

	Tail Bits (3) 
	As in existing Normal Burst

	Guard Bits (8)
	As in existing Normal Burst



*middle 26 bits in both WUS and GTS Sequence are maintained to be equal to Normal Burst TSC.
TS 7 in Table 5.2.3a of TS 45.002 is used in WUS.
TS 7 in Table 5.2.3b of TS 45.002 is used in GTS.


Simulation Environment

Following is the simulation environment used for the results.

	Environment
	TU 1.2 nFH (900 MHz Band)

	Downlink higher coverage classes
	CC4, CC3

	RxLev (dBm)
	-120.5 (for CC4) / -117 (for CC3)

	Number of blocks
	10000



Note: Simulation assumptions remain the same as was in TR 45.820.
Note: RxLev is chosen as per Table 1aa in 45.005 (for EC-CCCH).

Transmission of EC-PICH Channel:

For CC4, two bursts in two TDMA frames (as in Figure 4) per 4*51 MF are transmitted with either WUS/GTS. This is considered as one block. This means, if the paging message for CC4 is intended, WUS is transmitted in these two TDMA frames on TN1.

For CC3, one burst in one TDMA frame (as in Figure 4) is used for a paging group (there can be 4 paging groups within 4*51 MF). 

Receiver Processing method:

For the simulation, at the receiver, the correlation is performed against WUS/GTS sequence and accordingly decision is taken if it is WUS / GTS.

Since, missed detection of WUS should be avoided because missed detection of WUS will lead to missing the paging message, more weightage could be given for WUS (to limit the missed detection here to 1%).

Note: This is one method and there could be other methods to detect WUS / GTS.

The results are as follows.

For CC4:

	Tx Signal
	Proposed Requirement for False Detection
	Simulation Result for False Detection

	WUS
	1%
	1%

	GTS
	10%
	8%



For CC3:

	Tx Signal
	Proposed Requirement for False Detection
	Simulation Result for False Detection

	WUS
	1%
	1%

	GTS
	10%
	6%




Observation 3: 2 bursts are sufficient in 4*51 MF for detecting WUS / GTS intended for CC4 users.

Observation 4: 1 burst is sufficient for detecting WUS / GTS intended for CC3 users. This means if 4 bursts are allocated in 4*51 MF for WUS / GTS (for CC2 /CC3 users), 4 groups can be formed which can be used to improve the power efficiency.
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Figure 1 - Battery life time for various eDRX cycles
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