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Alternative Mappings for Higher Coverage classes with 2 PDCHs – Performance Evaluation
1. Introduction
A new work item on Radio Interface Enhancements for EC-GSM-IoT [1] was approved for Rel-14 at RAN#73.
One of the work item objectives is the definition of alternative mappings of blind physical layer transmissions for packet data traffic channels in extended coverage assigned to a higher coverage class. With the alternative mappings, it should be possible to support higher coverage classes with 2 consecutive PDCH resource allocation.

In this paper, link level performance as well as latency and throughput performance of the proposed alternative mappings in [2] are provided. 

2. Performance Evaluation
2.1 Overview 

New physical channel mappings for EC-PDTCH and EC-PACCH channels are defined as part of this woek item. The proposed alternative mappings using 2 consecutive PDCH resources according to [2] are given in Table 1 below. 

Table 1: New Mapping for EC-PDTCH for higher coverage classes with 2 PDTCHs
	Alternative CC mapping
	PDTCH channel type
	PACCH channel type
	BTTI

	CC2-2TS
	EC-PDTCH/2TS/MCS-1/4
	EC-PACCH/2TS/4
	40ms

	CC3-2TS
	EC-PDTCH/2TS/MCS-1/8
	EC-PACCH/2TS/8
	80ms

	CC4-2TS
	EC-PDTCH/2TS/MCS-1/16
	EC-PACCH/2TS/16
	160ms


Further design aspects of the new mapping are provided in [2].

The sensitivity performance of the new coverage class mappings in comparison with the existing coverage class mappings is captured in this section along with the latency calculation and the estimation of the throughput performance. 
2.2 Simulation Assumptions

The link level performance of alternative coverage class mappings is verified for TU1.2noFH and TU1.2idFH environments in the simulations for sensitivity limited scenarios. Tables 2 and 3 summarise the simulation parameters and the receiver model for TU1.2noFH and TU1.2 iFH.

Table 2: Simulation Assumptions for TU1.2noFH

	Parameter 
	Value

	Channel
	TU1.2noFH  

	Frequency band
	900 MHz

	Number of bursts
	10000

	SNR
	evaluated for target BLER of respective logical channel (45.005) 

	Coherent Transmission
	over 4 TS (CC2, CC3, CC4)
over 2 TS (CC2-2TS, CC3-2TS, CC4-2TS)

	Downlink Receiver
	IQ combining after random phase correction [3] is used across blind physical layer transmissions for alternative CC mappings across TDMA frames.

	Uplink Receiver
	EC-PDTCH: Soft combining is used for combining physical layer transmissions across TDMA frames.

EC-PACCH: IQ combining after random phase correction [3] is used for combining all blind physical layer transmissions.

	Number of BTS antennas for reception
	2


Table 3: Simulation Assumptions for TU1.2idFH
	Parameter 
	Value

	Channel
	TU1.2idFH  

	Frequency band
	900 MHz

	Number of bursts
	10000

	SNR
	evaluated for target BLER of respective logical channel (45.005)

	Coherent Transmission
	over 4 TS (CC2, CC3, CC4)
over 2 TS (CC2-2TS, CC3-2TS, CC4-2TS)

	Downlink Receiver
	uses soft combining across TDMA frames and IQ combining within TDMA frame.

	Uplink Receiver
	uses soft combining across TDMA frames and IQ combining within TDMA frame.

	Number of BTS antennas for reception
	2


2.3 Coverage Performance
The relative link level performance of the alternative mappings compared to normal mappings is given in Table 4 for the investigated dedicated channels for TU1.2noFH and in Table 5 for TU1.2idFH channel conditions.

Table 4: Relative sensitivity performance compared to Rel-13 coverage classes (TU1.2noFH).
	Coverage class Alternative Mapping
	EC-PDTCH/D

TU1.2noFH
	EC-PACCH/D

TU1.2noFH
	EC-PDTCH/U

TU1.2noFH
	EC-PACCH/U

TU1.2noFH

	CC2-2TS
	-1.0 dB
	+1.0 dB
	-0.4 dB
	-0.5 dB

	CC3-2TS
	+0.1 dB
	+0.1 dB
	-1.0 dB
	-0.7 dB

	CC4-2TS
	-0.1 dB
	-0.6 dB
	-1.3 dB
	-1.0 dB


Table 5: Relative sensitivity performance compared to Rel-13 coverage classes (TU1.2idFH).
	Coverage class Alternative Mapping
	EC-PDTCH/D

TU1.2iFH
	EC-PACCH/D

TU1.2iFH
	EC-PDTCH/U

TU1.2iFH
	EC-PACCH/U

TU1.2iFH

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

	CC3-2TS
	+0.1 dB
	+0.1 dB
	-1.0 dB
	-0.7 dB

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


As per the above tables, the performance for the alternative mappings differs only by up to 1.3 dB compared to the Rel-13 mappings. In other words the MCL achievable with 2 PDCH resources in the worst case (i.e. CC4) is only 1.3 dB inferior compared to MCL of Rel-13 coverage class mappings. On the other hand CC2 performance is improved for some cases (difference up to 1.0 dB)
2.4 Latency and Throughput Evaluation
The BTTI of the alternative coverage class mappings is two times higher than the BTTI of the normal mappings. Hence the throughput and latency performance of these coverage classes also changes accordingly. The BTTI of alternative mapping for CC2 and CC3 is 40 ms and 80 ms, respectively, which are within the maximum BTTI of Rel-13 (80 ms). So the delay and throughput performance corresponding to these mappings will be better than or equal to the latency and throughput performance evaluated for 164 dB MCL condition.

The BTTI of the alternative mapping for CC4 is 160 ms. This will impact the latency and throughput performance of CC4.

The delay corresponding to HARQ transmission and throughput of the CIoT network needs to be evaluted using the common model agreed in [4]. As per this model, the delay corresponding to the transmission of the Exception Report is evaluated for the target MCL condition (164 dB) across multiple such Exception Report transmissions. 90th percentile of the delay is considered for throughput evaluation and 99th percentile delay is considered for the latency evaluation.

As all the delay values used in the model are represented in terms of BTTI of the investigated dedicated logical channels, changing the BTTI will impact the final delay in direct proportion.

The entry in Table 6 taken from [5] provides the delay estimated using the common model for the target MCL condition using CC4 and the resulting throughput values.
Table 6: Delay and Throughput performance for CC4 [5]. 
	Coverage
	Scenario
	Delay [s]
	Throughput [bps]

	
	
	90th 
	99th 
	90th 
	99th 

	GPRS+20 dB (33 dBm) – UL
	Exception report
	1.92
	2.88
	354
	236


As CC4-2TS alternative mapping uses 2*BTTI of CC4, the delay values corresponding to this alternative coverage class mapping will also increase accordingly. The approximated delay values expected for CC4-2TS and the resulting throughput values are given in Table 7.
Table 7: Delay and Throughput performance for CC4-2TS. 
	Coverage
	Scenario
	Delay [s]
	Throughput [bps]

	
	
	90th 
	99th 
	90th 
	99th 

	GPRS+20 dB (33 dBm) – UL
	Exception report
	3.84
	5.78
	178
	118


The latency evaluation for the Exception Report transmission for CC4 as provided in [6] is given in Table 8 for target MCL coverage condition with CC4 using normal (Rel-13) mapping.
Table 8: Exception Report latency for CC4 [6]. 
	
	
	Number of occurrences
	Time (ms)
	Total time (ms)

	1
	Network synchronization
	1
	690
	690

	2
	Wait channel Request (44 TDMA frames)
	1
	203
	203

	3
	Channel request (67 TDMA frames)
	1
	309
	309

	4
	tBSS-Imm. Assign.
	1
	484
	484

	5
	Immediate Assignment
	1
	940
	940

	6
	tMS
	1
	80
	80

	7
	t4 HARQ
	1
	2880
	2880

	
	Total time
	
	
	5586


In this table t4 HARQ value corresponds to the delay for successful transmission of RLC blocks including 3 HARQ retransmissions. This value corresponds to 99th percentile delay value given in Table 6. If the CC4-2TS alternative mapping is used, this component value should be modified to the corresponding value from Table 7.

The latency evaluation for the CC4-2TS alternative mapping is given in Table 9 including the above changes marked in yellow.

Table 9: Exception Report latency for CC4-2TS. 
	
	
	Number of occurrences
	Time (ms)
	Total time (ms)

	1
	Network synchronization
	1
	690
	690

	2
	Wait channel Request (44 TDMA frames)
	1
	203
	203

	3
	Channel request (67 TDMA frames)
	1
	309
	309

	4
	tBSS-Imm. Assign.
	1
	484
	484

	5
	Immediate Assignment
	1
	940
	940

	6
	tMS (alternative CC mapping )
	1
	160
	160

	7
	t4 HARQ (alternative CC mapping)
	1
	5760
	5760

	
	Total time
	
	
	8526


The Exception Report latency is observed to be below 10 seconds and the 90th percentile of the throughput is above 160 bps. Hence the latency and throughput analysis leads to following conclusion.

Conclusion: The delay and throughput performance of the alternative coverage class mappings is evaluated as better than the target values specified for CIoT network in 3GPP TR 45.820.
3. Summary
Link level and latency performance for alternative coverage class mappings is evaluated in the present contribution. The link level performance for the highest coverage class CC4-2TS is only 1.3 dB inferior to the normal mapping, and is the degradation is even lesser for other coverage classes. Thus the overall impact on sensitivity limited scenarios due to introduction of alternative coverage class mappings is considered to be rather small.
Throughput and Exception Report latency performance is assessed by extrapolation for the CC4-2TS alternative coverage class, used instead of CC4 for dedicated channels. As per the calculations, the throughput for CC4-2TS is 178 bps and the exception report latency is 8.52 seconds. These values are within the target performance defined during FS_CIoT_LC as per TR 45.820.
It is proposed to add the alternative coverage class mappings as proposed in [2] to the specifications.
References

[1]  
RP-161806, “New WID on Radio Interface Enhancements to EC-GSM-IoT”, source Nokia et al., RAN#73

[2] 
R6-160186, “Alternative Mappings for Higher Coverage Classes with 2 PDCHs – Concept Overview”, source Nokia, RAN6#2
[3] 
GP-160030, “Alignment of Coverage Classes for EC-EGPRS”, Ericsson, GERAN#69
[4] 
GP-150417, “Common model for data traffic channel performance”, Ericsson, GERAN#66
[5] 
GP-150419, “EC-GSM - Throughput, delay and resource analysis”, Ericsson, GERAN#66
[6] 
GP-150449, “EC-GSM – Exception Report Latency Performance Evaluation, Ericsson, 
GERAN#66
	
	
	1 / 6


	
	
	

	3GPP TSG RAN WG6 #2
	R6-160188
	2 / 6



