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Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. One of the target requirements of the study item is to achieve coverage enhancement of 20 dB relative to legacy GPRS (non-EGPRS). 
At GERAN#63, it was decided that the coverage level of legacy GPRS would be evaluated in terms of Maximum Coupling Loss (MCL), using the methodology defined in [2]. In particular, the following WA was decided:
WA1a: For determining the MCL of a logical channel for legacy GPRS (non EGPRS), the coding scheme shall be assumed to be the most robust one specified in 3GPP TS 45.003 for that logical channel (e.g. CS-1 for PDTCH), and for uplink channels the MS transmit power shall be assumed to be +33 dBm.
The purpose of this paper is to derive the MCL for legacy GPRS, against which the link level performance of Cellular IoT candidate technologies can be evaluated.
Downlink link budget for legacy GPRS
The proposed calculation of Maximum Coupling Loss (MCL) for the legacy GPRS downlink is shown in Table 1 for an antenna configuration of 1T1R. 
Table 1 shows values for both the original noise figure assumptions taken from [2],[4] and also for the updated noise figure assumption that has been proposed in [5]. The updated noise figure assumption of 5 dB is intended to reflect typical MS implementations.
The column for “Original Noise Figure values” in Table 1 is taken from Table 6.2.1a of TS 45.005 [3] which specifies a reference sensitivity level of -102 dBm for “GSM900 small MS”. The required FER performance at the reference sensitivity level is specified in Table 1 of [3] for each logical channel. For example, the reference sensitivity must be met for an FER of 16% for the SCH channel using TU50 (no FH). 
The column for “New Noise Figure values” simply includes an adjustment for the improved noise figure proposed in [5] to reflect typical MS receivers rather than worst case MS receivers.
No adjustment has been made to the downlink “Required SINR” to account for the improved demodulation performance of typical MS receivers relative to worst case receivers. This is because, even with these baseline values, the downlink does not limit the overall MCL performance and so further analysis was not considered necessary.
	

	Original Noise Figure values
	Updated Noise Figure values

	
	Downlink
TS 45.005
	Downlink
TS 45.005

	Transmitter
	
	

	(1) Total Tx power  (dBm)
	43
	43

	Receiver
	
	

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

	(3) Receiver noise figure (dB)
	9
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (kHz)
	180
	180

	(6) Effective noise power
        = (2) + (3) + (4) + 10 log((5))  (dBm)
	-112.4
	-116.4

	(7) Required SINR (dB)
	10.41
	10.41

	(8) Receiver sensitivity
        = (6) + (7) (dBm)
	-102.0
	-106.0

	(9) Receiver processing gain (dB)
	0
	0

	Maximum coupling loss (MCL)
        = (1) – (8) + (9) (dB)
	145.0
	149.0


[bookmark: _Ref392750503]Table 1: Proposed link budget table for legacy GPRS downlink
Note 1: This value has been derived from the “Receiver sensitivity” value shown in row (8) so is just shown for completeness.
Uplink link budget for legacy GPRS
The proposed calculation of Maximum Coupling Loss (MCL) for the legacy GPRS uplink is shown in Table 2 for an antenna configuration of 1T2R. 
Table 2 shows values for both the original noise figure assumptions taken from [2],[4] and also for the updated noise figure assumption that has been proposed in [5]. The updated noise figure assumption of 3 dB is intended to reflect typical BS implementations.
The first column for “Original Noise Figure values” in Table 2 is taken from TR 36.888 [4] but with the MS transmit power increased to +33 dBm. It is understood that in [4] the uplink MCL was derived based on typical GPRS base station receiver performance, and therefore the same base station receiver performance has been used for this analysis. It has been assumed that the “Required SINR” of 11 dB corresponds to CS-1 (if this is not the case, then the “Required SINR” for CS-1 must be less than 11 dB which would result in an even higher uplink MCL). It has further been assumed that the uplink “Receiver processing gain” of 5 dB for legacy GPRS performance includes the use of two receiver antennas at the base station.
The second column for “Original Noise Figure values” in Table 2 is based on the receiver sensitivity specification of -104 dBm for PDTCH/CS-1 (TU50, no FH) taken from TR 45.005 [3], except that the “Receiver processing gain” of 5 dB has been retained from TR 36.888 to reflect the use of two receiver antennas at the base station.
The columns for “New Noise Figure values” simply include an adjustment for the improved noise figure proposed in [5] to reflect typical BS receivers rather than worst case BS receivers.
	
	Original Noise Figure values
	Updated Noise Figure values

	
	Uplink
TR 36.888
adjusted for 
+33 dBm
	Uplink
TS 45.005
adjusted for
2 x Rx gain
	Uplink
TR 36.888
adjusted for 
+33dBm
	Uplink
TS 45.005
adjusted for
2 x Rx gain

	Transmitter
	
	
	
	

	(1) Total Tx power  (dBm)
	33
	33
	33
	33

	Receiver
	
	
	
	

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

	(3) Receiver noise figure (dB)
	5
	5
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (kHz)
	180
	180
	180
	180

	(6) Effective noise power
        = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-116.4
	-118.4
	-118.4

	(7) Required SINR (dB)
	11
	12.41
	11
	12.41

	(8) Receiver sensitivity
        = (6) + (7) (dBm)
	-105.4
	-104.0
	-107.4
	-106.0

	(9) Receiver processing gain (dB)
	52
	52
	52
	52

	Maximum coupling loss (MCL)
        = (1) – (8) + (9) (dB)
	143.4
	142.0
	145.4
	144.0



Table 2: Proposed link budget table for legacy GPRS uplink
Note 1: This value has been derived from the “Receiver sensitivity” value shown in row (8) so is just shown for completeness.
Note 2: This value is taken from TR 36.888 for the processing gain for a typical base station, and is assumed to include the use of two receive antennas at the base station.

Conclusions
It can be seen from Tables 1 and 2 that the uplink is the limiting factor in the overall MCL performance of legacy GPRS.
When using TR 36.888 as the reference (adjusted for +33 dBm MS transmit power), the resulting MCL is 145.4 dB, assuming the use of the 3 dB base station noise figure.  
When TS 45.005 is used as the reference (adjusted for 5 dB receiver processing gain to reflect two receive antennas at the base station), the resulting MCL is 144.0 dB, assuming the use of the 3 dB base station noise figure. However, this analysis does not account for any improvements in demodulator signal processing performance relative to the baseline TS 45.005 specification (unless this is considered as included in the 5 dB receiver processing gain), so may be pessimistic for a typical base station.
Proposal
The MCL baseline for legacy GPRS should be defined as 145.4 dB assuming the use of the 3 dB noise figure assumption for a typical BS.
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