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Alternative Coverage Class 2 Mapping 
CC2-1TS for EC-PDTCH
(Update of GP-160365) 

Introduction
EC-GSM-IoT achieves the extended coverage majorly by applying blind physical layer transmissions. Different number of blind physical layer transmissions are applied depending on the coverage condition of the device. A specific coverage range is mapped to a specific coverage class, each one using a different repetition pattern.
For EC-PDTCH transmissions, if the coverage class is higher than CC1, 4 consecutive time slots are required for coherent blind physical layer transmission and reception within the same TDMA frame. For coverage class CC3 and CC4, additional blind physical layer transmissions are scheduled across TDMA frames in non-coherent manner but coherently within one TDMA frame.
However, depending on the radio resource utilization at the base station, it may not be possible to allocate four consecutive PDCH’s within the TDMA frame required for transmissions to devices in higher coverage classes (CC2 to CC4). In such cases it is advantageous to identify an alternative repetition pattern requiring lesser PDCH’s to proceed with instead of denying the request for data transfer.
In this contribution we present the coverage class mapping CC2-1TS using a single PDCH resource as alternative to the regular coverage class CC2. Updates to GP-160365 are marked in red.

	REPETITION PATTERN FOR alternative COVERAGE CLASS CC2-1TS
As per the current EC-GSM-IoT concept, the device in extended coverage compared to the normal EGPRS coverage condition will require 4 consecutive PDCH’s in CC2 to CC4. This may cause a delay in serving the request for data transfer from the device in case there were already a high number of Fixed Uplink Allocations for devices in CC1, so that 4 consecutive PDCH’s will become available only after a considerable delay.
Observation: Due to the need for 4 consecutive PDCH’s for coverage class CC2, under loaded conditions it may not be possible to allocate appropriate PDCH resource for CC2 at the required point in time for TBF operation.
One alternative is to increase the number of coverage classes to 5 with usage of only 2 PDCH’s. This will reduce the above impact to some extent. But having a higher number of coverage classes will yield other impacts related to the coverage class estimation and additional base station complexity for EC-RACH processing. This also will impact the use of overlaid CDMA based on CDMA codes of length 4 for such higher coverage classes (CC2 to CC4).
A second alternative is to define another repetition pattern for coverage class CC2 named hereafter “CC2-1TS”. The scheme uses blind physical layer transmission of bursts which are placed across every 4th TDMA frames excluding idle frames. In other words the RLC block is repeated four times in four consecutive BTTI periods (i.e. using 80 ms) instead of each of the 4 bursts being repeated in four consecutive PDCH’s within the same TDMA frame (i.e. RLC block using one BTTI period of 20 ms). The mapping onto the 52 multiframe is depicted in Figure 1.
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Figure 1: Mapping of Alternative Coverage Class CC2-1TS onto a single PDCH allocation.

link level performance
In this section we provide the comparative link level performance of CC2 and CC2-1TS in terms of sensitivity performance of EC-PDTCH and EC-PACCH for UL/DL which is verified for CC2 and CC2-1TS for TU1.2idFH and TU1.2noFH to find the SNR level where the channels meet their required BLER performance as per coverage class alignment [2].
Below Table 1 summarises the BLER performance requirement for all relevant logical channels.
	Logical Channel
	Target BLER at input signal level

	EC-PDTCH(D)
	20%

	EC-PACCH(D)
	10%

	EC-PDTCH(U)
	50%

	EC-PACCH(U)
	10%


Table 1: Target BLER performance

Performance for TU1.2idFH
Performance of CC2 and CC2-1TS is evaluated with the below depicted simulation environment.
Simulation Assumptions 
	Parameter 
	Value

	Channel
	TU1.2idFH  

	Frequency band
	900 MHz

	Number of bursts
	10000

	Simulation
	SNR evaluated for target BLER as per Table 1

	Coherent Transmission
	Applicable for CC2
Not Applicable for CC2-1TS

	Downlink Receiver
	CC2: Coherent IQ combining
CC2-1TS: Soft bit combining

	Uplink Receiver
	CC2: Coherent IQ combining
CC2-1TS: Soft bit combining

	Number of BTS antennas for reception
	2


Table 2: Simulation Assumptions

2.1.2 Coverage Performance Comparison 
Sensitivity simulation results for CC2 are compared with CC2-1TS for TU1.2idFH@900MHz w.r.t. input level at which the required BLER performance is achieved. For CC2-1TS configuration, the receiver uses soft-combining to combine blind physical layer transmissions across TDMA frames.
	 Logical Channel
	EC-PDTCH(U)
	EC-PACCH(U)
	EC-PDTCH(D)
	EC-PACCH(D)

	Performance Difference of 
CC2-1TS with reference to CC2
	-1.4 dB


	-1.4 dB


	+1.8 dB


	+0.5 dB




            Table 3: Performance gain of CC2-1TS over CC2 (TU1.2idFH).

It can be noted that at lower SNR levels CC2-1TS performance is worse than CC2 performance. This can be seen from Table 3 having 1.4 dB degradation for uplink channels. For logical channels operating at higher SNR level, CC2-1TS is better than CC2 due to better gains from frequency diversity and soft-combining.
The coverage class threshold for CC2 if set based on CC2-1TS weakest channel performance for Frequency hopping configuration, no change is required for CC2-Threshold in downlink as CC2-1TS performs better than CC2 in downlink. For uplink, CC2 threshold should be set to 1.4 dB higher than the CC2 threshold value proposed in [2].
Performance for TU1.2noFH
Performance of CC2 and CC2-1TS is evaluated with the below depicted simulation environment.
Simulation Assumptions
	Parameter 
	Value

	Channel
	TU1.2noFH  

	Frequency band
	900 MHz

	Number of bursts
	10000

	Simulation
	SNR evaluated for target BLER as per Table 1

	Coherent Transmission
	Applicable for CC2
Not Applicable for CC2-1TS

	Downlink Receiver
	CC2- Coherent IQ combining
CC2-1TS – IQ combining after random phase correction [2].

	Uplink Receiver
	CC2 – Coherent IQ combining
CC2-1TS – IQ combining after random phase correction [2].

	Number of Antennas at BS for uplink receiver
	2


Table 4: Simulation Assumptions

Coverage Performance Comparison
Sensitivity simulation results for CC2 are compared with CC2-1TS for TU1.2noFH@900MHz w.r.t. input level at which the required BLER performance is achieved. The SNR level corresponds to the Target BLER performance of logical channels of CC2 and CC2-1TS. It is derived from above simulation. The comparative performance of CC2-1TS with respect to CC2 is given in Table 5 below.
	 Logical Channel
	EC-PDTCH(U)
	EC-PACCH(U)
	EC-PDTCH(D)
	EC-PACCH(D)

	Performance Difference of 
CC2-1TS with reference to CC2
	-0.5 dB


	-1.5 dB


	-1.8 dB


	-1.8 dB




           Table 5: Performance gain of CC2-1TS over CC2 (TU1.2noFH).
The coverage class threshold for CC2 if set based on CC2-1TS weakest channel performance for no Frequency hopping configuration, for downlink CC2 threshold should be set to 1.8 dB higher value and for uplink CC2 threshold should be set to 1.5 dB higher value than the CC2 alignment values proposed in [2]. As per coverage class alignment proposed in [1], EC-PDTCH(U) and EC-PACCH(U) are not considered to limit the performance for CC2. Hence the effective threshold change will be lesser (about 1 dB). At CC2 threshold, EC-PDTCH(U) and EC-PACCH(U) channel BLER are well below the target BLER in uplink. So the change of CC2 threshold required with introduction of CC2-1TS will be lesser for uplink than indicated in the above Table 5.
Coverage Performance for uplink with soft-combining
Some base stations may not be capable to support IQ combining across TDMA frames for CC2-1TS, due to memory constraints. In these base stations the receiver will use soft-bit combining instead of IQ combining for EC-PDTCH, whilst IQ combining within the EC-PACCH block is considered to be supported, since EC-PACCH channel maps the encoded bits to a single burst being repeated 4 times within the RLC/MAC control block. For CC2-1TS, the same EC-PACCH block is transmitted 16 times in consecutive 16 TDMA frames over the single timeslot and IQ combining in this case requires buffering of IQ samples of the single timeslot only. Hence the EC-PACCH performance is the same as in Table 5. 
The sensitivity performance of relevant uplink channels is evaluated with simulation assumptions depicted in Table 4 with difference that uplink uses soft-bit combining for EC-PDTCH. The comparative performance is given in the Table 6 below.
	 Logical Channel
	EC-PDTCH(U)
	EC-PACCH(U)

	Performance difference of 
CC2-1TS using soft bit combining for EC-PDTCH with reference to CC2
	-1.5 dB



	-1.5 dB





Table 6: Performance gain of CC2-1TS over CC2 for uplink (TU1.2noFH).
It can be noted that, if IQ combining across TDMA frames for CC2-1TS is not used in uplink for EC-PDTCH, CC2-1TS performance is degraded by 1.5 dB for EC-PDTCH(U). 
As both channels are not considered to be the limiting channel on UL, for neither TU1.2idFH nor TU1.2noFH, the effective threshold change for UL required with introduction of CC2-1TS will be lesser (about 1 dB) also here.

APPLICABLE SCENARIOS FOR The CC2-1TS Mapping
The transmission time for a single radio block with CC2-1TS is increased to 80 ms compared to 20 ms with CC2. This increase in transmission time will not impact the overall latency, because the latency of CC2-1TS is the same as that of CC4.
Whenever the device requests for an uplink TBF with coverage class CC2, uplink resources of 4 consecutive PDCH’s may be already occupied for lower coverage class transmissions as well as for legacy GPRS transmissions in such a way that 4 consecutive PDCH’s only become available at a considerably later point in time than the time of request for the uplink TBF. In such cases there will be a significant delay to start the uplink TBF or some of the ongoing uplink TBF’s need to be terminated to allow the device operating in CC2 to start transmission at an earlier time. These problems can be mitigated if the device is able to operate the new CC2-1TS mapping, so that only one PDCH will be required to start the TBF operation.
As per the currently proposed coverage class definition [1], each cell supporting EC- GSM-IoT traffic needs to reserve minimum of 4 PDCH’s for PS operation where CS calls are not allocated. These minimum 4 PDCH’s for PS operation are required to admit devices in higher coverage classes at any point in time without the need to wait for completion of ongoing PS operations or even CS calls. If such reservation of resource for PS operation is not made, there may be situations where the TBF requested by a device in a higher coverage class cannot be admitted until the CS call is released.
With the introduction of CC2-1TS, the cell can still support a coverage range similar to CC2 without any specific reservation for EC-GSM-IoT traffic. 
As per the latest coverage class alignment proposed in [1], CC2 can serve coverage conditions up to MCL=157 dB. With the alternative coverage class CC2-1TS, based on the comparative performance analysis in section 3, it is hence possible to serve coverage conditions up to MCL=156 dB. Hence with the introduction of CC2-1TS, coverage extensions up to 156 dB can be achieved without any extra PDCH reservation for EC-GSM-IoT traffic.
Proposal 1: CC2-1TS is used in situations where the cell can only reserve less than 4 PDCH’s for PS operations in general or for dedicated EC-GSM-IoT services, respectively. In these situations the cell will support CC1 and CC2-1TS only and provides coverage improvement up to MCL of 156 dB instead of 164 dB.
Moreover, if the device is assigned CC1 at the start of TBF operation and if, depending on measurement reports and level of block error rate on uplink, the BSS may decide to increase the coverage class to CC2, requiring a change of the PDCH allocation from single slot to multi-slot operation and hence will create additional computational effort in the BSS being equivalent to an intra-cell handover from one PDCH to another PDCH. In such cases depending on the estimated received level, if CC2-1TS is estimated to be sufficiently robust, the BSS can change the coverage class to CC2-1TS. Because this transition can occur in rather seamless manner, the change of PDCH configuration from single slot to multi-slot operation for devices located at the transition between CC1 and CC2 coverage areas can be avoided.
As the initial coverage class estimation at the device may not be accurate related to the uplink reception at the base station, in some cases coverage class adaptation as part of HARQ retransmissions is may need to be executed. In those cases if a change from CC1 to CC2 is required, as an alternative switching to CC2-1TS at start of UL data transfer or for Fixed Uplink Allocation due to HARQ retransmissions may be sufficient to provide sufficient throughput without consuming too many PDCH resources, hence usage of CC2-1TS for the data transfer should be checked by the network prior to switching to CC2.
Proposal 2: CC2-1TS is used for change of coverage class from CC1 to CC2 as part of the uplink coverage class adaptation prior or during TBF operation.

coverage class configuration changes for CC2-1TS
The link level performance of the new coverage class CC2-1TS in comparison with the existing CC2 is evaluated in section 3 presented for different traffic channel conditions. Based on these results, the recommended CC2 threshold changes for different deployment configurations are summarised in below table.
	Deployment configuration
	Recommended changes to CC2 Threshold parameters

	Frequency Hopping configuration
	Increase of CC2 Threshold in uplink by 1.4 dB. No impact to CC2 Threshold for downlink.
Note: CC2 threshold increase in uplink may be lesser than 1.4 dB (such as 1 dB), considering that EC-PDTCH and EC-PACCH are not the weakest channels.

	Frequency Hopping not enabled; receiver supports IQ combining between repetitions for EC-PDTCH.
	Increase of CC2 Threshold in uplink by 1.5 dB. Increase of CC2 Threshold in downlink by 1.8 dB.
Note: CC2 threshold increase in uplink may be lesser than 1.5 dB (such as 1 dB), considering that EC-PACCH is not the weakest channel. 

	Frequency hopping not enabled; receiver uses soft bit combining across repetitions on EC-PDTCH.
	Increase of CC2 Threshold in uplink by 1.5 dB. Increase of CC2 Threshold in downlink by 1.8 dB.
Note: CC2 threshold increase in uplink may be lesser than 1.5 dB (such as 1 dB), considering that EC-PDTCH and EC-PACCH are not the weakest channels.


Table 7: Recommended changes to DL/UL CC2 Threshold for different deployment configurations.
With the above depicted changes to DL/UL CC2 Thresholds, the BLER performance of both CC2 and CC2-1TS in the operated signal range will meet the target BLER in Table 1. 
If CC2-1TS is chosen the BTTI is increased from 20 msec to 80 msec. The overall latency of the RLC block transmission of CC2-1TS is more than CC2, but this latency will be identical to that of CC4. The latency performance of CC4 as evaluated in TR 45.820 is very well within the limit. So the QoS requirements are still met if CC2-1TS (whose latency is same as CC4) is assigned instead of CC2. The base station can choose to use CC2 instead of CC2-1TS if e.g. the channel request is meant for exception report.
As CC2 threshold is set to higher value for operating CC2-1TS, the coverage range for CC2 is reduced with increased coverage range for CC3. This will result in additional resource utilisations for devices which are located in the range between CC2 and CC2-1TS thresholds. As the range between CC2 and CC2-1TS is only around 1 dB for uplink and up to 1.8 dB for downlink, in most of the expected deployments for EC-GSM-IoT, having a lesser percentage of MS at extended coverage range, the impact to resource utilisation is expected to be negligible.
One possible scenario where CC2-1TS can be used is for base stations which cannot allocate 4 timeslots for EC-GSM-IoT operation. For these base stations the coverage class threshold configuration can be modified to support CC1 and CC2-1TS coverage classes only.
The EC-System-Information-2 message broadcast by these base stations can be configured to below values to restrict the supported coverage classes to CC1 and CC2-1TS: 	

< BT_Threshold_DL: <set to [CC1 threshold]>
	{ 1  < CC2_Range_DL : set to [CC2-1TS coverage range] > }
   { 0  < No coverage class 3 > }  ;
   { 0  < No coverage class 4 > }  ;

< BT_Threshold_UL: set to [CC1 threshold] >
	{ 1  < CC2_Range_UL : set to [CC2-1TS coverage range] > }
	{ 0  < No coverage class 3 > }  ;
    { 0  < No coverage class 4 > }  ;

And < EC_RXLEV_ACCESS_MIN : set to [BT_Threshold_DL+CC2_Range_DL] >
And < EC_BS_RX_PWR_ACCESS_MIN: set to [BT_Threshold_UL+CC2_Range_UL] >


With the above configuration, the base station will support only CC1 and CC2-1TS. Even though CC4 is supported by the base station as minimum requirement per the specifications, the range for CC4 starts from last configured coverage class to EC_RXLEV_ACCESS_MIN (for downlink) or EC_BS_RX_PWR_ACCESS_MIN (for uplink). If EC_RXLEV_ACCESS_MIN is set to BT_Threshold_DL+CC2_Range_DL, and EC_BS_RX_PWR_ACCESS_MIN is set to BT_Threshold_UL+CC2_Range_UL, the range for CC4 will be reduced to 0, so only CC1 and CC2-1TS are operated in this cell.

NAS TimeR changes with cc2-1TS
The radio interface delay for NAS transactions for EC-channels in extended coverage conditions will be higher compared to legacy GPRS/EGPRS channels in normal coverage due to increased transmission time for extended coverage common control channels and also increased BTTI for extended coverage traffic channels. Modifications to NAS timers for MS in EC-operation were analysed and proposed multiplication values were derived in [3], [4] for each coverage class (CC1, CC2, CC3 and CC4). The NAS timer multipliers for CC1 to CC4 were agreed at CT1#97 in [5].
The message sequence for the RAU procedure referred to in the delay calculation as investigated in [3] is reproduced in Figure 1. 
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Figure 1: Delay analysis for RAU procedure, replicated from [3].
The delay analysis in [3] is extended hereafter to the CC2-1TS configuration. 
There is only additional delay for EC-PDTCH/EC-PACCH channels. For common control channels, there is no impact as the CC2-1TS configuration has the same delay as the CC2 configuration. The calculation of the delay components for CC2-1TS for the sub- procedures of the RAU procedure is included in the below table and compared against legacy (E)GPRS, as well as CC1 and CC2 configurations. In particular for common channel operation, for CC2-1TS the delay value of CC2 is used. For traffic channel operation the delay value of CC4, exhibiting the same extended BTTI of 80 ms, is assumed.
	Sub-Procedure
	Legacy 
	EC-GSM 
CC1
	EC-GSM 
CC2
	EC-GSM
CC2-1TS

	RACH+CCCH Delay (99th percentile)
	2001
	500
	1000
	1000

	TBSS1
Delay before allocation starts
	100
	100
	100
	100

	RAU Request (4 RLC data blocks) + L2ACK
	80+100

	560

	560
	2304

	TSGSN
Reaction time in SGSN + Gb transmission time
	100
	100
	100
	100

	TBSS2
Assume device in UL extended TBF mode, timer T3238 is running
	100
	1880
	1880
	1880

	DL Assignment message
(transmission time) 
	20
	20
	20
	80

	TMS1
MS reaction time before assignment may start
	40
	40
	40
	80

	Authentication and Ciphering Request  (2 RLC data blocks) + L2 ACKs
TBF is released 
	40+1004
	2506
	2506
	1160

	TMS2
MS waits for next RACH opportunity
	5
	5
	20
	20

	RACH+CCCH Delay (90th percentile)
	2001
	500
	1000
	1000

	TBSS1
Delay before allocation starts
	100
	100
	100
	100

	Authentication and Ciphering Response (2 RLC data blocks) + L2 ACKs
	40+1004
	2803
	2803
	1152

	TSGSN
Reaction time in SGSN and Gb transmission time
	100
	100
	100
	100

	TBSS2
Assume device in UL extended TBF mode
	100
	1880
	1880
	1880

	DL Assignment message (transmission time) 
	20
	20
	20
	80

	TMS1
MS reaction time before assignment may start
	40
	40
	40
	80

	RAU Accept (4 RLC data blocks) + L2ACK s
	80+100
	500
	500
	2320

	Total time [ms]
	1765
	6875
	7890
	13436


Table 8: Calculation of the delay for RAU procedure for CC2-1TS in comparison to legacy (E)GPRS, CC1 and CC2. 
Additional radio-interface delay for CC2-1TS versus legacy (E)GPRS is 13436 ms -1765 ms =11671 ms for NAS timer T3330. If this additional delay is added to the current timer value of 15 seconds, the new timer value should be 1.78 times, rounded to 1.8 times, higher than the legacy timer.
In the same way, the additional radio-interface delay of CC2-1TS is estimated using the delay values mentioned in [3] for the P-TMSI reallocation command as 3.5 seconds. If this additional delay is added to the legacy timer value of 6 seconds, the new timer value for T3350 is 1.6 times higher than the legacy timer for the P-TMSI reallocation command.
The proposed multiplication factors for existing coverage classes as detailed in [4] and agreed at CT1#97 in [5] are depicted in below table along with CC2-1TS values.
	NAS timer
	CC1
	CC2
	CC3
	CC4
	CC2-1TS

	T3330-Multiplication-factor [4]
	1.4
	1.4
	1.7
	3
	1.8

	T3350-Multiplication-factor [4]
	1.5
	1.5
	1.8
	3.2
	1.6

	Generic CC specific NAS timer multiplier  [5]
	1.5
	1.5
	2.0
	3.0
	1.8


Table 9: NAS timer multiplication factors and CC specific multipliers.
In line with the definition of a CC specific generic timer multiplier value to be used across all the NAS timers, as agreed at CT1#97 in [5], the common value for CC2-1TS is set to 1.8. 
Whether CC2 or CC2-1TS is selected by the BSS for EC-PDTCH operation for resource constraint situations is not known in advance by the MS or the SGSN and hence NAS timer adjustment is necessary at both ends. However CT1 are also discussing about a common multiplier for all coverage classes. In this case no NAS timer adjustment would be needed. Such solution is preferable in the sourcing company’s view since allowing to decouple the usage of the alternative mapping for Coverage Class 2 from the NAS timer definition and hence the BSS may choose CC2 or CC2-1TS independently of the NAS timer settings. In case of coverage class specific NAS timer values agreed in CT1, the support of CC2-1TS needs to be either broadcast to the device before a RAU procedure is started, or the NAS timer has to be re-adjusted in the device and at SGSN upon channel assignment with CC2-1TS in order to create awareness in both nodes of the correct multiplier value of CC2-1TS instead of CC2. However if the CC2 mapping is broadcast on EC-SI, to inform the MS on the available CC2 configuration on UL and DL, if single slot or 4 consecutive slots, this readjustment at channel assignment is not needed. Thus signalling support via EC-SI2 is proposed.
specification impact
Following changes to technical specifications are foreseen to introduce CC2-1TS operation.
· TS 43.064:
· CC2-1TS functionality needs to be added.
· TS 45.001:
· Block structures need to include the new channels types for EC-PDTCH and EC-PACCH.
· TS 45.002:
· EC-PDTCH, EC-PACCH logical channel mapping to be added for CC2-1TS operation. MS multislot applicability is kept for CC2-1TS as for CC2.
· TS 45.005:
· All performance tables need to include also CC2-1TS for EC-PDTCH and EC-PACCH logical channels.
· TS 44.018:
· EC-SI2 on EC-BCCH is modified to include one indication for the CC2 mapping, i.e. if CC2 on DL and UL uses the configuration with a single timeslot resource allocation or the regular TS allocation with four consecutive timeslots in this cell. No changes to the signalling in the respective assignment messages are needed, but the interpretation of the CC2 relevant parameters needs to be done according to the indication on the EC-SI2. 
· TS 44.060:
· No changes to the signalling in the respective assignment messages are needed, but the interpretation of the CC2 relevant parameters needs to be done according to the indication on the EC-SI2. 
·   TS 24.008:
· New multiplier value for NAS timers as proposed in section 6 to be used in MS and SGSN when CC2-1TS support is indicated by the network in the EC-SI. This is needed in case CC specific timer values are agreed in CT1. 
sUMMARY
[bookmark: _GoBack]In this contribution an alternative repetition pattern is proposed for CC2 based on use of a single PDCH resource, named CC2-1TS. This new mapping for CC2 can be used in conditions where the cell cannot allocate 4 consecutive PDCH’s as requested by the device indicating UL-CC as CC2 in its channel request. It can also be used in case DL resource assignment cannot allocate 4 consecutive PDCH’s as requested by the device for its DL-CC. The new mapping CC2-1TS can also be applied for coverage class adaptation from CC1 to CC2-1TS in seamless manner either prior to or during TBF operation.
The new coverage class CC2-1TS can also be used in cells which cannot reserve 4 consecutive PDCH’s for EC-GSM-IoT traffic. This option is also beneficial for radio resource configurations where the PDCH’s are dynamically shared between CS and PS resources including EC-GSM-IoT. In such scenarios, CC2-1TS can be assigned to the device when the required consecutive timeslots are partially or fully occupied due to ongoing CS calls in the system.
The signalling impact from operation of CC2-1TS is limited to:
· Adjustment of CC2 thresholds for DL and UL, broadcast in EC-SI, if CC2-1TS is operated in the cell.
· Signalling of the indication in the EC-SI2 broadcast message to configure the CC2-1TS or the CC2 mapping in this cell both for DL and UL. For changing between CC2 and CC2-1TS, EC-SI2 needs to be updated via change mark indication.	 
The NAS timer impact has been studied and the specification impact is described.
Results for the sensitivity performance in uplink for CC2 and CC2-1TS confirm that CC2-1TS performance is inferior to CC2 by only around 1 dB, hence it is expected to serve a coverage range up to MCL=156 dB.
The sourcing company proposes to add the alternative mapping for Coverage Class 2 using the CC2-1TS mapping to the specifications along with the depicted signalling support. This will allow for a more flexible resource management at the BSS to serve EC-GSM-IoT devices in extended coverage. Furthermore, the sourcing company provides the respective changes to the normative work to this meeting.
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