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pCR 45.820 NB M2M - Simulation Results for Coexistence with GSM
1 Introduction
This document provides the text proposal on simulation results for NB M2M coexistence with GSM. The modifications reflect to the TBD items in the related section of the technique report [1] and the results updated according to [2].
2 Proposed text for the TR
7.1.7.4.3 
Conclusions
The achievable battery life for a MS using the NB M2M solution for Cellular IoT has been estimated as a function of reporting frequency and coupling loss. 

It is important to note that these battery life estimates are achieved with a system design that has been intentionally constrained in two key respects:

· The NB M2M solution has a frequency re-use assumption that is compatible with a stand-alone deployment in a minimum system bandwidth for the entire IoT network of just 200 kHz (FDD), plus guard bands if needed.

· The NB M2M solution uses a MS transmit power of only +23 dBm (200 mW), resulting in a peak current requirement that is compatible with a wider range of battery technologies, whilst still achieving the 20 dB coverage extension objective.    

The key conclusions are as follows:

· For all coupling losses (so up to 20 dB coverage extension compared with legacy GPRS), a 10 year battery life is achievable with a reporting interval of one day for both 50 bytes and 200 bytes application payloads.

· For a coupling loss of 144 dB (so equal to the MCL for legacy GPRS), a 10 year battery life is achievable with a two hour reporting interval for both 50 bytes and 200 bytes application payloads.  

· For a coupling loss of 154 dB, a battery life of 9.5 to 10 years can be achieved with a 2 hour reporting interval for a 50 byte application payload. This could be further improved by exploiting adaptive power allocation on the downlink, using frequency hopping to smooth the PSD over time, but it is not clear whether this is allowed by the common assumptions.
· For a coupling loss of 154 dB with 200 byte application payload, or a coupling loss of 164 dB with 50 or 200 byte application payload, a 10 year battery life is not achievable for a 2 hour reporting interval. This is a consequence of the transmit energy per data bit (integrated over the number of repetitions) that is required to overcome the coupling loss and so provide an adequate SNR at the receiver. 

· Use of an integrated PA only has a small negative impact on battery life, based on the assumption of a 5% reduction in PA efficiency compared with an external PA.

Further improvements in battery life, especially for the case of high coupling loss, could be obtained if the common assumption that the downlink PSD must not exceed that of legacy GPRS was either relaxed to allow PSD boosting, or defined more precisely to allow adaptive power allocation with frequency hopping.
	First Change


7.1.7.6 Coexistence evaluation

7.1.7.6.1 Coexistence with GSM

The simulation results for coexistence with GSM were derived using the assumptions in Annex G.1.

7.1.7.6.1.1 Simulation cases

The simulation cases are summarized in Table 7.1.7.6-1.

Table 7.1.7.6-1 Simulation cases for coexistence with GSM

	Cases
	Aggressor
	Victim
	Link direction
	GSM frequency reuse
	Deployment

	1
	NB M2M
	GSM
	Downlink
	4/12
	Coordinated

	2
	NB M2M
	GSM
	Uplink
	4/12
	Coordinated

	3
	GSM
	NB M2M
	Downlink
	4/12
	Coordinated

	4
	GSM
	NB M2M
	Uplink
	4/12
	Coordinated

	5
	NB M2M
	GSM
	Downlink
	3/9
	Coordinated

	6
	NB M2M
	GSM
	Uplink
	3/9
	Coordinated

	7
	GSM
	NB M2M
	Downlink
	3/9
	Coordinated

	8
	GSM
	NB M2M
	Uplink
	3/9
	Coordinated

	9
	NB M2M
	GSM
	Downlink
	4/12
	Uncoordinated

	10
	NB M2M
	GSM
	Uplink
	4/12
	Uncoordinated

	11
	GSM
	NB M2M
	Downlink
	4/12
	Uncoordinated

	12
	GSM
	NB M2M
	Uplink
	4/12
	Uncoordinated

	13
	NB M2M
	GSM
	Downlink
	3/9
	Uncoordinated

	14
	NB M2M
	GSM
	Uplink
	3/9
	Uncoordinated

	15
	GSM
	NB M2M
	Downlink
	3/9
	Uncoordinated

	16
	GSM
	NB M2M
	Uplink
	3/9
	Uncoordinated


7.1.7.6.1.2 Simulation assumptions

Table 7.1.7.6-2 lists simulation assumptions for NB M2M. For other assumptions, see Annex G.1.

Table 7.1.7.6-2 Simulation assumptions for NB M2M

	Parameter
	Setting

	UE maximum transmit power (dBm)
	23

	UE antenna gain (dBi)
	-4

	Building Penetration Loss
	Scenario 1 with inter-site correlation coefficient 0.5
(Not applied for the case of UE aggressor)

	UE number*
	20 users per cell

	ACLRadj-x step (dB)**
	5 dB

	ACSadj-x step (dB)***
	5 dB


* 10 legacy GSM users dropped in each cell and randomly selected.

** ACLRadj-x represents the x-th adjacent channel leakage power ratio which is defined over the 15 kHz downlink channels and over 5 kHz uplink channels used in NB M2M, where x = floor(carrier spacing/channel bandwidth) + 1. In the simulations, only ACLRadj-8 was modelled for BS and ACLRadj-23 was modelled for UE because of the additional guard band of 100 kHz and intra guard band of 10 kHz on each side of the NB M2M wanted signal (8 = floor(110/15) + 1, and 23 = floor(110/5) + 1). An adjacent channel leakage power ratio equal to ACLRadj-8 for the downlink and equal to ACLR adj-23 for the uplink are also assumed for frequency offsets with downlink adjacent channel index greater than 8 and uplink adjacent channel index greater than 23. (i.e. worst case flat ACLR for these frequency offsets).

*** ACSadj-x represents the x-th adjacent channel selective which is defined over the 15 kHz downlink channels and 5 kHz uplink channels used in NB M2M, where x = floor(carrier spacing/channel bandwidth) + 1. ACS is assumed to be the same for all frequency offsets from the NB M2M allocated channel in the simulation.
7.1.7.6.1.3 Simulation results

Simulation result for each case is listed below respectively.

For case 1 and case 2,
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For case 3 and case 4,
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For case 5 and case 6,
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For case 7 and case 8,
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For case 9 and case 10,
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For case 11 and case 12,
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For case 13 and case 14,

[image: image13.emf]-20 -10 0 10 20 30 40 50 60

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry(dB)

CDF

NB M2M aggressor vs GSM victim, Downlink

 

 

ACLR

adj-8

 = 30

ACLR

adj-8

 = 35

ACLR

adj-8

 = 40

ACLR

adj-8

 = 45

Baseline

[image: image14.emf]-10 0 10 20 30 40 50 60

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry(dB)

CDF

NB M2M aggressor vs GSM victim, Uplink

 

 

ACLR

adj-23

 =35

ACLR

adj-23

 =40

ACLR

adj-23

 =45

ACLR

adj-23

 =50

ACLR

adj-23

 =55

ACLR

adj-23

 =60

Baseline


For case 15 and case 16,
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For coordinated deployment, the NB M2M performance loss due to GSM interference for the uplink is summarized in Table 7.1.7.6-3, while the NB M2M performance loss and GSM outage degradation due to inter system interference for other cases are negligible.

Table 7.1.7.6-3 Summary of NB M2M performance loss due to interference of GSM (coordinated)
	Coverage probability loss at 20dB enhancement (uplink)
	BS ACS at the 23-th adjacent channel

	~2.7%
	35 dB

	~1.4%
	40 dB


For uncoordinated deployment, the performances are summarized in Table 7.1.7.6-4 and Table 7.1.7.6-5.

Table 7.1.7.6-4 Summary of GSM outage degradation due to interference of NB M2M (uncoordinated)
	GSM outage (downlink)
	BS ACLR at the 8-th adjacent channel

	<5%
	40 dB

	<3%
	45 dB

	GSM outage (uplink)
	UE ACLR at the 23-th adjacent channel

	~3%
	40 dB

	~1.5%
	45 dB


Table 7.1.7.6-5 Summary of NB M2M performance loss due to interference of GSM (uncoordinated)

	Coverage probability loss at 20dB enhancement (downlink)
	UE ACS at the 8-th adjacent channel

	~3%
	40 dB

	~1.6%
	45 dB

	Coverage probability loss at 20dB enhancement (uplink)
	BS ACS at the 23-th adjacent channel

	~4.5%
	50 dB

	~2.5%
	55 dB


Additionally, GSM data service is evaluated for the GSM victim cases. The EGPRS downlink mapping throughput to C/I is derived from Figure 7 in GP-081127 and apply 3dB offset for uplink mapping accordingly. The 3dB offset for uplink is observed from Annex B. The simulation results are summarized in Table 7.1.7.6-6.

Table 7.1.7.6-6 Summary of GSM data service impact due to interference of NB M2M

	Case 1
	Case 2

	NB M2M BS ACLRadj-8 (dB)
	EGPRS downlink average throughput reduction (percentile)
	NB M2M MS ACLRadj-23 (dB)
	EGPRS uplink average throughput reduction (percentile)

	35
	6.6%
	30
	2.6%

	40
	2.5%
	35
	1.2%

	45
	1.1%
	40
	0.6%

	50
	0.7%
	45
	0.4%

	Case 5
	Case 6

	NB M2M BS ACLRadj-8 (dB)
	EGPRS downlink average throughput reduction (percentile)
	NB M2M MS ACLRadj-23 (dB)
	EGPRS uplink average throughput reduction (percentile)

	35
	6.9%
	30
	2.6%

	40
	3.4%
	35
	1.6%

	45
	2.3%
	40
	1.2%

	50
	1.9%
	45
	1.0%

	Case 9
	Case 10

	NB M2M BS ACLRadj-8 (dB)
	EGPRS downlink average throughput reduction (percentile)
	NB M2M MS ACLRadj-23 (dB)
	EGPRS uplink average throughput reduction (percentile)

	35
	13.3%
	35
	11.9%

	40
	7.9%
	40
	6.8%

	45
	4.8%
	45
	3.7%

	50
	3.2%
	50
	1.9%

	Case 13
	Case 14

	NB M2M BS ACLRadj-8 (dB)
	EGPRS downlink average throughput reduction (percentile)
	NB M2M MS ACLRadj-23 (dB)
	EGPRS uplink average throughput reduction (percentile)

	35
	11%
	35
	9.3%

	40
	6.3%
	40
	5.0%

	45
	3.6%
	45
	2.5%

	50
	2.2%
	50
	1.1%


7.1.7.6.1.4 Conclusion

 Simulation results show that the assumed RF system characteristics for NB M2M are sufficient for NB M2M to be deployed in coexistence with GSM both in coordinated and uncoordinated deployment.
	End of Changes


7.1.7.6.2 Coexistence with UTRA

The simulation results for coexistence with UTRA were derived using the assumptions in Annex G.2.
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