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1.1	Background Information
A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62 [1]. The N-GSM candidate solution as part of the GSM evolution track has been introduced in the TR [2] in [3].
1.2	Reason for change
One of the performance objective mentioned in the study item is coverage improvement compared to GPRS. The coverage improvement of the present candidate solution thus needs to be evaluated using the MCL methodology as mentioned in section 5.1. The MCL for the N-GSM uplink traffic channel is derived using the model specified in section 5.6.1 for approach 2 which is meant for candidate solutions with initial message BLER higher than 10%. 
1.3	Summary of change
This contribution includes text to be included in the TR in section 6.3.8.6 related to evaluation of the coverage improvement target using the agreed MCL methodology for uplink traffic channel for the delivery of the Exception Report. The details of the uplink throughput evaluation for various coupling loss conditions including simulation assumptions and traffic channel configurations are presented in [3].
1.4	References
[1]		GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
[2]	TR 45.820 v1.4.0, “Draft TR on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source Rapporteur  
[3]       GP-150814, “N-GSM: Throughput and Delay Analysis for Uplink Traffic Channel”, source Nokia Networks, 		GERAN#67




	First modification (added subclause)
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6.3.8	Concept evaluation 
 
6.3.8.6 	Coverage improvement target using MCL methodology 
6.3.8.6.1 	Assumptions
The Maximum Coupling Loss (MCL) is derived using the methodology described in section 5.1 using the assumptions in table 5.1-2. For all simulations the assumptions in Annex C have been followed. 
The possible residual timing offset after N-SCH acquisition, is taken into account by a synchronization window in the receiver, well covering the expected residual timing offset. 
For the candidate specific frequency model (see table C.1) the model in table 6.3.8.6-1 has been followed.
Table 6.3.8.6-1: N-GSM, Frequency error parameters.
	Parameter
	Setting
	Comment

	F_est_error
	N(0,20) Hz
	Following the assumption on minimum frequency error. 

	F_drift_inactive
	0.01 ppm/s
	See table C.1.

	T_inactive
	U(0,0.0012) s
	After reading the N-SCH the first N-RACH opportunity is immediate.
Assuming maximum of 2TS for MS waiting time before start of N-RACH.

	F_drift_active
	0.025 ppm/s
	See table C.1.

	t
	U(0, 1.32) s
	Assuming that a UL transfer contains between 1 and 220 bytes, implies that requires 1-11 RLC blocks. At full allocation, each RLC block has a TTI of 120 ms for single transmission using dual time slot mode, thus it will take 1.32 seconds for the complete transmission.



Frequency hopping has not been assumed, in order to reflect the worst case performance scenario.
The output power level for the BS is assumed to be 43 dBm and the output power of the device 33 dBm.
The MCL methodology for N-GSM differs between control channels and the UL traffic channel:
· For control channels (N-BCCH, N-AGCH, N-PCH, N-PACCH) the target BLER level of 10% is used. 
· For uplink traffic channel performance evaluation related to the Exception Report the throughput is derived from 90th percentile latency deduced on basis of the simulation model described in section 5.6.1 for approach 2.

6.3.8.6.2 	Results for delay and throughput for uplink traffic channel
For this simulation the Exception Report is used as reference. Table 6.3.8.6-2 indicates the message size and other protocol overheads associated with the Exception Report.
       Table 6.3.8.6-2: Evaluated Exception Report message size.
	Message components
	Size

	Exception Report message size
	20 B

	COAP/DTLS/UDP/IP/SNDCP/LLC overhead
	75 B

	LLC Header length
	1 B

	Total payload size
	96 B

	Number of RLC blocks required for total payload (RLC block size: 20 bytes)
	5 blocks

	SNDCP/LLC overhead
	11 B

	Input bits at SNDCP for throughput calculation
	680 bits 
(= 85 B = 96 B - 11 B)



According to the agreed framework, the 90th and 99th percentile of the delay is presented, as well as the 90th percentile of the throughput for GPRS+10 dB and GPRS+20 dB coverage conditions.
For the GPRS+10 dB coverage condition, the device will use extended TTI of 80 ms in uplink with N-MAC header carrying the NBSN value. For the simulation it is assumed that fixed allocation is used for uplink data transfer included in the immediate assignment message and also in the PUAN message, i.e. resources only sufficient for single transmission of all RLC blocks are allocated. With this scheme the device will wait for PUAN between all retransmissions. Alternatively the BSS may allocate more resources than corresponding to the number of requested uplink RLC blocks via fixed allocation and the device can send retransmissions without waiting for PUAN from BSS. In this case the delay value is expected to reduce further.
For the GPRS+20 dB coverage condition, the device will employ the concatenated block transmission mode where each RLC block is blindly repeated 3 times within a single transmission. In order to achieve the required throughput and coverage performance N-PDTCH design includes the following changes.
· In extreme coverage condition fixed allocation scheme allocates 2 time slots instead of single time slot corresponding to the number of requested RLC blocks.
· In this configuration the N-MAC header symbols are not used as the receiver knows the NBSN based on RLC block positions in the retransmission. Hence no N-MAC header decoding is needed prior to data payload decoding. 
· Bursts of each RLC block are mapped on to both time slots in consecutive TDMA frames resulting in the TTI for single transmission in dual slot block mode of 8 TDMA frames (40 m sec). Concatenated transmission mode includes 3 such blind transmissions. Thus the TTI used for single transmission in dual slot concatenated block mode is 120 msec. 
· N-PACCH transmission in downlink in extreme coverage also uses two time slots along with concatenated block transmission with 3 blind repetitions resulting in an effective TTI of 160 ms.
Table 6.3.8.6-3 summarises the throughput and delay performance for data transfer over N-PDTCH UL in case of the Exception Report for MCL=164 dB and MCL=154 dB conditions.
Table 6.3.8.6-3: Performance summary – Exception Report latency and throughput over N-PDTCH UL.
	Coverage
	Scenario
	Delay [ms]
	Throughput [bps]

	
	
	90th 
	99th 
	90th 

	GPRS+20 dB (33 dBm), UL
	Exception Report
	4080
	4580
	167

	GPRS+10 dB (33 dBm), UL
	Exception Report
	1040
	1600
	667



6.3.8.6.3 	Coverage Improvement Summary
Based on the above, the coverage improvement performance of various logical channels is captured in table 6.3.8.6-4 for downlink channels and in table 6.3.8.6-5 for uplink channels.
Table 6.3.8.6-4: N-GSM, coverage summary DL for TU1.2nFH, Downlink
	Logical channel name
	N-BCCH
	N-CCCH
	N-PDTCH/D
	N-PACCH/D

	Data rate(bps)
	
	
	-
	-

	Transmitter
	
	
	
	

	(1) Tx power (dBm)
	
	
	
	

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	
	
	
	

	(3) Receiver noise figure (dB)
	
	
	
	

	(4) Interference margin (dB)
	
	
	
	

	(5) Occupied channel bandwidth (Hz)
	
	
	
	

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	
	
	
	

	(7) Required SINR (dB)
	
	
	
	

	(8) Receiver sensitivity = (6) + (7) (dBm)
	
	
	
	

	(9) Rx processing gain
	
	
	
	

	(10) MCL  = (1) (8) + (9) (dB)
	TBD
	TBD
	TBD
	TBD



Table 6.3.8.6-5: N-GSM, coverage summary for TU1.2nFH, Uplink
	Logical channel name
	N-PDTCH/U
	N-PACCH/U

	Data rate(bps)
	167
	

	Transmitter
	
	

	(1) Tx power (dBm)
	33
	

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	

	(3) Receiver noise figure (dB)
	3
	

	(4) Interference margin (dB)
	0
	

	(5) Occupied channel bandwidth (Hz)
	271000
	

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.7
	

	(7) Required SINR (dB)
	-14.3
	

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-131.0
	

	(9) Rx processing gain
	0
	

	(10) MCL  = (1) (8) + (9) (dB)
	164.0
	TBD



	End of modifications
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