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UL MCL Improvement for Low Power Devices in EC-GSM-IoT – 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 to improve MCL for low power (23 dBm) devices by introducing a new coverage class which can provide additional coverage gain compared to CC4.
The design aspects of uplink logical channels for new coverage class CC5 are given in [2]. The performance evaluation in terms of link level performance of the new uplink logical channels is provided in this contribution.
2. Link level performance of CC5

The input signal level corresponding to the reference BLER performance is evaluated for uplink logical channels using CC5 for TU1.2 radio channel condition.

2.1 EC-PDTCH/CC5 

The comparative sensitivity performance of CC5 against CC4 is given in Table 1 below for EC-PDTCH.

Table 1: Sensitivity Performance for uplink EC-PDTCH using CC5 and CC4. 
	Channel type
	TU1.2nFH

[dBm]
	Comparative gain

[dB]

	EC-PDTCH(U)/MCS-1/16
	-128.0
	-

	EC-PDTCH’(U)/MCS-1/32
	-131.5
	3.5 

	EC-PDTCH’(U)/MCS-1/48
	-132.7
	4.7


An additional gain of 3.5 dB is observed when blind physical layer transmissions are increased by two times (i.e. 32) along with a reduction of RLC/MAC header contents to improve the channel estimation as described in [2]. When the blind physical layer transmissions are increased by three times (i.e. 48) an additional gain of 1.2 dB is observed.
2.2 EC-PACCH/CC5 

The comparative sensitivity performance of CC5 against CC4 is given in Table 2 below for EC-PACCH. 

Table 2: Sensitivity Performance for uplink EC-PACCH using CC5 and CC4. 
	Channel type
	TU1.2nFH

[dBm]
	Comparative gain

[dB]

	EC-PACCH/U/16
	-128.0
	-

	EC-PACCH’/U/32
	-131.5
	3.5

	EC-PACCH’/U/48
	-132.7
	4.7


2.3 EC-RACH/CC5 

The comparative sensitivity performance of CC5 2TS EC-RACH channel against CC4 2TS EC-RACH channel is given in Table 3 below.

Table 3: Sensitivity Performance for modified 2TS EC-RACH’ using CC5 and                2 TS EC-RACH using CC4. 
	Channel type
	TU1.2nFH 

[dBm]
	Comparative gain [dB]

	2TS EC-RACH/48
	-128.0
	-

	2TS EC-RACH’/75 (Note 1)
	-132.0
	4.0


Note 1: This corresponds to 75 blind physical layer transmissions of the modified 2TS EC-RACH format carrying 150 bursts as described in [2].  
An additional gain of 4 dB is observed based on link level simulations when the 2TS EC-RACH format is modified for transmission of the normal burst with modified burst structure in TN0 which contains more transmissions of the same data bits along with an increased number of 2TS EC-RACH blind physical layer transmisisons across TDMA frames, i.e. 75 blind physical layer transmissions.

3. Latency and throughput evaluations

As the uplink BTTI of EC-PDTCH and EC-PACCH is increased for CC5 to 240 ms for the case of 48 blind physical layer transmissions, the delay and throughput performance of the CC5 data traffic channel will also be impacted accordingly.

The latency and throughput performance of the low power (23dBm) device was evaluated only for GPRS+10 dB MCL condition in Rel-13 as part of the FS_CIoT_LC study [3]. This is since for low power devices the highest coverage class (CC4) only provides a 10 dB MCL improvement.

With the new coverage class CC5, the uplink performance of data traffic channels is improved by additional 4 dB. So the coverage condition for which the latency and throughput needs to be evaluated will be at GPRS+14 dB MCL. At this coverage condition, CC5 in uplink is expected to meet the reference BLER performance.

Working Assumption: Latency and throughput performance of CC5 should be evaluated for GPRS+14 dB MCL condition. Because the overall link level performance gain expected from CC5 is more than 4 dB. Under this coverage condition the low power device will use CC5 for uplink channels and the downlink is expected to use CC3 or CC4 for downlink traffic channels.

The latency and throughput performance of the 23 dBm device evaluated in [4] for the UL data transfer (without channel access) is replicated in Table 4 below.

Table 4: Latency and throughput performance for 23 dBm device at GPRS+10 dB MCL [4] using CC4 for UL data transfer. 
	Coverage
	Scenario
	Delay [s]
	Throughput [bps]

	
	
	90th 
	99th 
	90th 
	99th 

	GPRS+10 dB (23 dBm) – UL
	Exception report
	1.52
	2.24
	447
	304


The 99th percentile delay estimated here corresponds to 4 HARQ transmissions where each HARQ transmission includes 5 RLC blocks, processing delay at MS and BSS and the delay corresponding to the transmission of PUAN. The time taken by the MS for processing the command and sending RLC blocks is based on the usage of BTTI of CC4 (80 ms). The processing delay and transmission delay of PUAN is based on the usage of BTTI of CC2 (20 ms).
The 90th percentile delay approximately equals the 2.7 times HARQ transmission delay.

If the above relationship of HARQ transmission delay to 90th and 99th percentile delay is assumed to be also valid for the CC5 coverage condition (GPRS+14 dB MCL) the delay performance for CC5 is approximated as follows assuming CC5 transmission on uplink and CC3 transmission on downlink:
· The delay value for single HARQ transmission is estimated to be equal to 

MS processing delay (CC5) + 5*RLC blocks transmission time (CC5) + BSS processing delay(CC3) + PUAN transmission time (CC3) 
=> 240 ms +5*240 ms + 80 ms + 40 ms =1.56 s. 
· For 4 HARQ transmissions the delay value can be derived as 4*1560 ms=6.24 s. 
· The 90th percentile delay in this case is assumed to again correspond to the 2.7 times HARQ transmission delay as per Table 4 above. In this case the 90th percentile delay can be estimated as 1.56 s * 2.7 = 4.212 s.

The estimated latency and throughput performance of the 23 dBm device for the GPRS+14 dB MCL condition derived from reference values for the GPRS+10 dB MCL condition is depicted in Table 5.

Table 5: Latency and throughput performance for 23 dBm device at GPRS+14 dB MCL using CC5 for UL data transfer (approximated).
	Coverage
	Scenario
	Delay [s]
	Throughput [bps]

	
	
	90th 
	99th 
	90th 
	99th 

	GPRS+14 dB (23 dBm) – UL
	Exception report
	4.212
	6.24
	161
	108


The 99th percentile delay can be used as time taken for completion of HARQ transmissions in the overall latency calculation including network synchronization, channel request, channel assignment and UL data transfer as provided in Table 6. The transmission delay for the modified 2 TS EC-RACH’ transmission for CC5 also increases correspondingly compared to CC4 2TS EC-RACH transmission. The overall latency calculation for the exception report [5] is modified to apply to the GPRS+14 dB MCL condition with MS using CC5 for uplink and CC3 for downlink. The modified values due to usage of CC5 for uplink channels are marked in yellow colour.
Table 6: Latency calculation for CC5.
	
	
	Number of occurrences
	Time (ms)
	Total time (ms)

	1
	Network synchronization
	1
	365
	365

	2
	Wait channel Request 

(1 TDMA frame)
	1
	4.6
	4.6

	3
	Channel request (2*51)+25 TDMA frames)
	1
	584
	584

	4
	tBSS-Imm. Assign. 

80 ms + 8 TDMA frames
	1
	117
	117

	5
	Immediate Assignment (51+16)
	1
	309
	309

	6
	tMS
	1
	20
	20

	7
	t4 HARQ
	1
	6240
	6240

	
	Total time
	
	
	7639.6


Both the throughput and overall latency performance for GPRS+14 dB MCL coverage condition for the low power device, which is derived from the reference values at GPRS +10 dB MCL condition, is shown to be within the target values specified for the CIoT-LC networks in TR 45.820.

The delay and throughput performance can also be estimated by means of link level simulations using the common model for traffic channel performance [6] to check the correctness of the above listed values derived for GPRS+14 dB MCL condition.

Observation: Throughput and latency for the exception report transmission for 23 dBm device for GPRS+14 dB MCL coverage condition with MS using CC5 for uplink and CC3 for downlink is approximated by extrapolation of reference values at GPRS+10 dB MCL coverage condition. The observed performance still meets the target performance specified for CIoT-LC networks.
Link level simulations using the common model for traffic channel performance [6] with CC5 in uplink and CC3 in downlink need to be carried out to confirm the correctness of the delay values derived from the reference values.

4. Summary

Link level performance of CC5 uplink channels at input signal level for reference performance is about 4 dB better than that of Rel-13 CC4 uplink channels.
With this improvement, MCL for low power devices (23 dBm) is further increased from 10 dB to 14 dB compared to GPRS.

The throughput and exception report latency performance is derived based on the extrapolation of TTI values for the new coverage class CC5 versus CC4 for the contributing delay components and is observed to meet the target performance specified for CIoT-LC networks. To confirm the validity of the above approximation, link level simulations using the common model for traffic channel performance need to be performed.
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