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Alternative mappings for EC-GSM-IoT higher coverage classes 

Introduction
The EC-GSM-IoT feature provides extended coverage performance and improved battery lifetime for IoT devices and was standardised in Rel-13. The basic solution available in Rel-13 can be further enhanced in terms of resource utilisation, energy saving and coverage enhancements.
The current EC-GSM-IoT solution will require 4 consecutive PDCH resources in the TDMA frame for providing extended coverage for traffic channels. In resource constraint situations, however, the base station may not be able to allocate these resources for EC-GSM-IoT operation. In such conditions, the EC-GSM-IoT PS calls may have to be rejected. 
To cope with these constraints, the blind physical layer transmissions used for operation of higher coverage classes can use a lower number of PDCH resources with the blind physical layer transmissions being extended in time over a larger number of TDMA frames in these PDCH resources.
This paper analyses the feasibility of operating higher coverage class schemes with lesser PDCH resources in terms of link performance and latency. The proposed alternative schemes use the same number of blind physical layer transmissions compared to the coverage classes specified in Rel-13. Earlier related investigations on this topic can be found in [1] and [3]. 
alternative logical channel mappings for higher coverage classes
For all higher coverage classes (CC2 to CC4), alternative mapping schemes are identified with lesser number of PDCHs.
Table 1 below depicts the investigated alternative mapping schemes for all higher coverage classes where the TTI of the radio block has been limited to 160 ms which is expected to be maximum TTI that can satisfy the latency and throughput requirements for EC-GSM-IoT.
	
	Current Mapping
	Alternative-mapping-1

	Alternative-mapping-2


	
	#PDCH
	TTI
	#PDCH
	TTI
	#PDCH
	TTI

	CC2
	4
	20 ms
	2
	40 ms
	1
	80 ms

	CC3
	4
	40 ms
	2
	80 ms
	1
	160 ms

	CC4
	4
	80 ms
	2
	160 ms
	
	


Table 1: Mapping for Coverage Classes (Rel-13) and Alternative Mappings.
As per the above table, all the mappings provide the same number of physical layer transmissions (#PDCH*TTI/20ms) for each given coverage class. The only difference is the number of PDCHs required across different mappings. As coherent transmission and combining is possible across PDCHs within the TDMA frame, reduction of number of PDCH is expected to reduce the coherent combining performance of coverage class to some extent.
From the above table, 3 alternative mapping schemes do not increase the number of blocks required for transmission beyond 4, which maps to TTI of 80 ms, the maximum value for all coverage classes defined in Rel-13 (CC1 to CC4). These 3 alternative mapping schemes do not impact throughput target or latency requirements for EC-GSM-IoT solutions because the TTI was not increased. These alternative mapping schemes are referred to as CC2-2TS, CC2-1TS, CC3-2TS.
If it is found acceptable to relax the latency performance as given above, the number of radio blocks can be extended to a higher value, such as 8, allowing for two more alternative mapping schemes. These mappings may also be used for relaxed requirements for data services with non-restricted delay requirements. 
Increasing the TTI from 80 ms to 160 ms, will impact throughput calculations and latency evaluations for solutions which uses these alternative mappings for coverage class CC3 or CC4. The impact is analysed in section 4 confirming that latency and throughput performance of these schemes meets the targeted performance in 3GPP TR45.820. These schemes are referred to as CC3-1TS and CC4-2TS.
In summary, 5 alternative mappings for coverage classes CC2 to CC4 are proposed which use lesser PDCH resources than the existing coverage class mappings. The peak throughput given in table 2 below is derived as MCS-1 payload size divided by the TTI equivalent to the number of 20 ms radio blocks.
	CC2
	CC2-2TS
	CC2-1TS

	8.8 kbps (20 ms BTTI)
	4.4 kbps(40 ms TTI)
	2.2 kbps(80 ms TTI)



	CC3
	CC3-2TS
	CC3-1TS

	4.4 kbps(40 ms TTI)
	2.2 kbps (80 ms TTI)
	1.1 kbps (160 ms TTI)



	CC4
	CC4-2TS
	

	2.2 kbps(80 ms TTI)
	1.1 kbps (160 ms TTI)
	


 Table 2: Peak throughput for Rel-13 and alternative CC mapping schemes.
Latency and throughput evaluations are required for CC4-2TS and CC3-1TS mapping schemes, because these schemes uses larger TTI of 160 ms compared to the largest TTI of 80 ms for the Rel-13 coverage classes.
link level performance of aLTERNATIVE coverage class mappings
The link level performance in terms of sensitivity performance for the new coverage class mappings in comparison with the existing coverage class mappings is captured in the Table 3 below. 
The link level simulations are carried out for EC-PDTCH and EC-PACCH for both TU1.2noFH and TU1.2idFH radio channel conditions.

Simulation Assumptions
The link level performance of alternative coverage class mappings are verified for TU1.2nFH and TU1.2idFH environments in simulations.
Below Tables 3 and 4 summarise the simulation parameters and receiver model information for TU1.2noFH and TU1.2idFH.
	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
	IQ combining after random phase correction [2] is used across blind physical layer transmissions for alternative CC mapping.

	Uplink Receiver
	EC-PDTCH : Soft combining is used for combining physical layer transmissions across TDMA frames.
EC-PACCH : IQ combining after random phase correction [2] is used for combining all blind physical layer transmissions.

	Number of Antennas at BS for uplink receiver
	2


Table 3: Simulation Assumptions for TU1.2noFH
	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
	Alternative Coverage class mapping uses soft combining across TDMA Frames and IQ combining within TDMA Frame.

	Uplink Receiver
	Alternative Coverage class mapping uses soft combining across TDMA Frames and IQ combining within TDMA Frame.

	Number of BTS antennas for reception
	2


Table 4: Simulation Assumptions for TU1.2idFH

Simulation Results
Table 5 provides the sensitivity performance gain of CC2 alternative mappings over the Rel-13 CC2 scheme for both radio channels.
	
	TU1.2noFH

	
	EC-PDTCH/D
	EC-PACCH/D
	EC-PDTCH/U
	EC-PACCH/U

	CC2-2TS
	-1 dB
	1 dB
	-0.4 dB
	-0.5 dB

	CC2-1TS
	-1.1 dB
	1.1 dB
	-1.1 dB
	-1 dB



	
	TU1.2idFH

	
	EC-PDTCH/D
	EC-PACCH/D
	EC-PDTCH/U
	EC-PACCH/U

	CC2-2TS
	0.5 dB
	0.1 dB
	0.5 dB
	-0.3 dB

	CC2-1TS
	1 dB
	-0.3 dB
	0.8 dB
	-1 dB


Table 5: Gain in sensitivity performance of the alternative CC2 schemes 
Table 6 provides the sensitivity performance gain of CC3 alternative mappings over the Rel-13 CC3 scheme for both radio channels.
	
	TU1.2noFH

	
	EC-PDTCH/D
	EC-PACCH/D
	EC-PDTCH/U
	EC-PACCH/U

	CC3-2TS
	0.1 dB
	0.1 dB
	-1 dB
	-0.7

	CC3-1TS
	-0.1 dB
	-1 dB
	-2 dB
	-1.6 dB



	
	TU1.2idFH

	
	EC-PDTCH/D
	EC-PACCH/D
	EC-PDTCH/U
	EC-PACCH/U

	CC3-2TS
	-0.3 dB
	-0.5 dB
	-0.7 dB
	-0.7

	CC3-1TS
	-0.8 dB
	-1.8 dB
	-1.7 dB
	-2.1


Table 6: Gain in sensitivity performance of the alternative CC3 schemes 
Table 7 provides the sensitivity performance gain of CC4 alternative mappings over the Rel-13 CC4 scheme for both radio channels.
	
	TU1.2noFH

	
	EC-PDTCH/D
	EC-PACCH/D
	EC-PDTCH/U
	EC-PACCH/U

	CC4-2TS
	-0.1 dB
	-0.6 dB
	-1.3 dB
	-1 dB



	
	TU1.2idFH

	
	EC-PDTCH/D
	EC-PACCH/D
	EC-PDTCH/U
	EC-PACCH/U

	CC4-2TS
	-0.6 dB
	-1.1 dB
	-1.1 dB
	-1.1 dB


Table 7: Gain in sensitivity performance of the alternative CC4 schemes 
In summary, with above mentioned alternative coverage classes the MCL improvement over the GPRS reference (MCL=144 dB) with different number of PDCH allocations is indicated in Table 8 below.
	Number of allocated PDCH’s for EC-GSM-IoT operation
	Supported coverage classes with alternative mapping.
(without extending BTTI)
	Additional coverage classes supported with extended BTTI
	MCL improvement

	4 PDCH
	CC1,CC2,CC3,CC4
	NA
	20 dB

	2 PDCH
	CC1,CC2-2TS,CC3-2TS
	CC4-2TS
	19 dB

	1 PDCH
	CC1,CC2-1TS
	CC3-1TS
	15 dB 


Table 8: MCL improvement versus GPRS depending on number of allocated PDCH’s. 
As per above table, with single PDCH base station can support up to CC3 with TTI extended to 160 ms. With 2 PDCH resources base station can support all coverage classes with BTTI for CC4 extended to 160ms.
The results indicates that with the alternative coverage class mappings it is possible to achieve coverage improvements with lesser PDCH resource.
If compact mapping is used in uplink for the alternative coverage classes additional MCL improvements with reduced number of PDCHs is expected. Hence this option also should be investigated as part of the envisaged WI.
latency and throughput analysis for extending the TTI
	As per the latency evaluation for sending exception report [4], Table 9 below summarises the latency corresponding to various steps of exception report transmission.  
	
	
	Number of occurrences
	Delay (ms)

	1
	Network synchronization
	1
	690

	2
	Wait channel Request (44 TDMA frames)
	1
	203

	3
	Channel request (67 TDMA frames)
	1
	309

	4
	tBSS-Imm. Assign.
	1
	484

	5
	Immediate Assignment
	1
	940

	6
	tMS
	1
	80

	7
	t4 HARQ
	1
	2880

	
	Total delay
	
	5586


Table 9: Calculation of latency for 20 bytes exception report with CC4 [4].
Out of the delay components, the T4-HARQ is the delay corresponds to transmission of 4 HARQ transactions which includes 
· Processing the received assignment (Tms=80)
· Transmission of 5 RLC blocks (5*80 =400 ms)
· Reception of PUAN (Tpuan =80 ms)
· Delay at MS and BSS for processing the received message (Tbss and Tms of 80 ms)
For CC4 device, this value is calculated based on the above steps as 
T4-HARQ(80ms)= 4*(80+5*80+80+80+80 )=2880 ms.
When alternative coverage class extends the BTTI from 80 ms to 160 ms, this will only impact the T4-HARQ component of the total delay.
For CC4 alternative coverage class with 160 ms TTI, this value is calculated as 
T4-HARQ(160ms) = 4*(160+5*160+160+160+160) = 5760ms.
The total latency for alternative CC4-2TS with BTTI=160 ms is calculated in the below table. The delay components up to step 6 use the same value as in Table 9. Delay component of PDTCH transmission is recalculated for 160 ms BTTI in Table 10 below.
	Step
	
	Number of occurrences
	Delay (ms)

	1
	Network synchronization
	1
	690

	2
	Wait channel Request (44 TDMA frames)
	1
	203

	3
	Channel request (67 TDMA frames)
	1
	309

	4
	tBSS-Imm. Assign.
	1
	484

	5
	Immediate Assignment
	1
	940

	6
	tMS
	1
	80

	7
	t4 HARQ
	1
	5760

	
	Total delay
	
	8466


Table 10: Calculation of latency for 20 bytes exception report with CC4-2TS.
The latency corresponding to the exception report transmission with increase of TTI to 160 ms is 8.47 s. This is lesser than the target delay for exception report transmission (i.e. 10 s in TR 45.820).
The throughput of EC-GSM-IoT system is calculated based on the time taken for multiple MAR transmissions using the highest coverage class CC4. The input payload size divided by the 90th percentile value for the delay is considered as throughput value.
For CC4, the delay values and corresponding throughput as per simulation results are given below as mentioned in [4]. The payload size assumed here is 680 bits corresponding to 85 bytes without IP header compression which is required for transmission of the exception report of 20 bytes size at application level. The result is depicted in Table 11.
	Coverage
	Scenario
	Delay [s]
	Throughput [bps]

	
	
	90th 
	99th 
	90th 
	99th 

	CC4
	Exception report
	1.92
	2.88
	354
	236


Table 11: Delay and throughput performance for 20 bytes exception report with CC4.
When the alternative coverage class CC4-2TS with increased TTI is used the delay mentioned in the above table will also increase accordingly. The result is depicted in Table 12.
	Coverage
	Scenario
	Delay [s]
	Throughput [bps]

	
	
	90th 
	99th 
	90th 
	99th 

	CC4-2TS
	Exception report
	3.84
	5.76
	177
	117


Table 12: Delay and throughput performance (estimated) for 20 bytes exception report with CC4-2TS.
For throughput calculations only the 90th percentile value is used, so for the CC4-2TS alternative coverage class which requires 160 ms TTI, the throughput value is estimated as 177 bps. This value is still better than 160 bps which is the objective of the Cellular IoT feasibility study, see TR 45.820.
Observation: As per initial analysis, for alternative coverage classes which uses reduced PDCH resource with BTTI extended to 160 ms is expected to meet the delay and throughput performance requirements of CIoT system.
link layer procedures for alternative mapping for higher coverage classes
Impacts to Link Layer Procedures 
Alternative mapping for higher coverage classes should be applicable for the duration of the TBF. UL TBF establishment procedures on EC-CCCH and EC-PACCH are impacted. Similarly DL TBF establishment on EC-CCCH and EC-PACCH are impacted. With Rel-13 CC1 has one timeslot and CC2 to CC4 can have four timeslots, With Rel-14 new information elements need to be introduced to signal the new alternative mapping for coverage class. 

Principle for the usage of alternative coverage classes
The usage of alternative CC mappings is communicated at channel assignment or during TBF operation (if possible). In some scenarios control via the broadcast channel is preferred.
Coverage class adaptation during TBF operation
During TBF operation, e.g. for retransmissions the base station signals the new coverage class mapping to MS in EC-PACCH/DL message. This message needs to include the number of allocated timeslots along with coverage class information. MS identifies the blind physical layer transmission mapping based on coverage class and allocated timeslots.
For retransmission of DL-PACCH messages, base station will repeat the message once again in successive blocks without extending the PDCH resources. For e.g. if there is no response for DL-EC-PACCH transmission using CC1, the retransmission may use CC2-1TS to improve the reliability of the retransmission. 
Coexistence with Rel-13 devices 
The alternative coverage classes can be used in two specific use cases.
1. Dynamic Resource constraint situation for BSS with 4 PDCH reserved for EC-GSM/EGPRS operations.
BSS reserves 4 PDCH for EC-GSM-IoT operation along with legacy EGPRS services. In case if more resources are required for EGPRS users, BSS can assign less number of time-slots for EC-GSM-IoT users with alternative coverage classes. This use case corresponds to dynamic resource constraint situation for EC-GSM-IoT devices. 
For this operation, Rel-13 EC-GSM-IoT and Rel-14 device with alternative coverage class support can-coexist over same PDCH resources. Rel-13 device cannot operate in extended coverage if 4 PDCH are not available for FUA allocation. But Rel-14 devices can operate with alternative coverage class in this situation.
2. Semi static resource constraint situation for BSS where less than 4 PDCH reserved for EC-GSM-IoT/EGPRS operation and changeable via OAM operation.
In this use case, BSS reserves only 1 or 2 PDCH resource for EC-GSM-IoT and EGPRS MS and remaining timeslots are reserved for CS operation. For this situation, in EC-System Information the coverage class thresholds are set in such a way that Rel-13 device that only CC1 is allowed in the cell. New EC-System-Information is introduced where additional coverage class thresholds are defined with alternative coverage class mapping.
With this changes, whenever BSS have limited PDCH resources reserved for EC-GSM-IoT/EGPRS operations, Rel-13 devices will access this cell only for CC1 operation. If the RXLEV decreases below CC1 threshold, the device will reselect suitable cell for camping. Rel-14 device will check additional EC-System-Information to read additional coverage class threshold for Rel-14 device.
Rel-14 device will access the cell for the coverage classes which are defined in the additional EC-System-Information message.
For the first use case, MS needs to include additional capability information in channel-request message.
For second use case, if MS is sending channel request for higher coverage classes it implicitly indicates its support for alternative coverage classes. Because only MS with alternative coverage class support only will access the cell for higher coverage classes.
specification impacts
Following core specifications are impacted to introduce alternative blind physical layer transmission mapping for higher coverage classes.
· 43.064
· 45.001
· 45.002
· 45.003
· 45.005
· 44.018
· 44.060
CONCLUSION
[bookmark: _GoBack]Alternative mappings of blind physical layer transmissions for higher coverage classes is proposed. These alternative mappings enable the base station to support coverage extension up to CC2 with single timeslot and uptoCC3 with 2 timeslot resources without impacting the latency and throughput performance. With BTTI extension to 160ms, it is possible to support CC3 with single time-slot and CC4 with two timeslot resources.  
Interworking of the alternative coverage classes along with Rel-13 MS which does not support the alternative coverage classes is also analysed.
Alternative coverage class mappings enable EC-operation with lesser number of PDCH resources. This feature also allows network operator to modify the resource region for EC operation in flexible manner according to the loading situation for CS or other PS services. In case the base station operates on single carrier supporting a variety of services such as CS call, SMS, low rate PS data along with EC-GSM-IoT, it will be challenging if the coverage class mapping is not modified to use lower number of PDCHs.
This discussion paper provides the rationale for new Rel-14 WI [5] which proposes introduction of alternative mappings for the higher coverage classes.
   
REFERENCES
[1] 	GP-160109, “Additional coverage class mapping for EC-PDTCH”, Nokia Networks, GERAN#69
[2] 	GP-160030, “Alignment of Coverage Classes for EC-EGPRS”, Ericsson, GERAN#69
[3]    GP-160365, “Alternative Coverage Class 2 Mapping CC2-1TS for EC-PDTCH”, Nokia Networks, GERAN#70. 
[4]    GP-150449, “EC-GSM – Exception Report Latency Performance Evaluation, Ericsson, GERAN#66
[5]    R6-160033, New WID on Radio Interface Enhancements for EC-GSM-IoT, Nokia, RAN6#1


	R6-160031
	3GPP TSG RAN WG6#1                                               
	9 / 9



