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On Coexistence Study for CIoT Candidate Solutions
1 Introduction
At GERAN#62, a study item named “Cellular IoT” (CIoT) was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. So far three candidate solutions have been captured in the TR [2]: EC-GSM, NB M2M, and NB OFDMA. EC-GSM is based on EGPRS and the other two belong to the “clean-slate” track.

One of the objectives of the CIoT SI is to avoid negative impacts to legacy 3GPP systems deployed in the same frequency band. A common evaluation framework has been proposed for coexistence with GSM/UMTS/LTE since CIoT Ad hoc#1 (see e.g. [3] and [4]), and most of the proposed working assumptions have been agreed in GERAN.

This document discusses the applicability of the agreed coexistence scenarios to the above mentioned candidate solutions.

2 Monte-Carlo approach
As stated in Annex G of the TR [2], the analysis method for coexistence with GSM should be “snapshot based Monte-Carlo simulation”. This is also the case for coexistence with UMTS/LTE, see [4] which was agreed in CIoT Ad hoc#2.
The purpose of the Monte-Carlo approach is to investigate the SINR reduction due to ACI (adjacent channel interference) from the aggressor. This can be roughly denoted by
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Where 

· 
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 is the wanted signal power,

· 
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 is the noise power,

· 
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 is the intra-system interference power, and

· 
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 is the power of the interference from the aggressor system.
Note that the above equation is a simplification of SINR estimation with and without inter-system ACI (e.g. power control is not taken into account). The SINR reduction is more complex in simulations.

Figure 1 below is an illustrative example of coexistence scenario for the uplink.
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Figure 1: Coexistence scenario for the uplink

3 Coexistence studies for CIoT candidate solutions

The TR defines four coexistence cases as follows,
· Case 1, GSM MS victim and CIoT BS aggressor.

· Case 2, GSM BS victim and CIoT MS aggressor.

· Case 3, CIoT MS victim and GSM BS aggressor.

· Case 4, CIoT BS victim and GSM MS aggressor.
For clean-slate solutions, simulations are necessary for all of the above cases because in each scenario either the aggressor or the victim is newly introduced and has not been investigated before.

For a GSM-based design, the past coexistence studies for GSM can be reused as much as possible. For example, in the case of GSM victim and EC-GSM aggressor (i.e. cases 1 and 2), the SINR degradation is not likely to be worse than GSM aggressor, because the physical layer of GSM is basically reused and the transmit power of EC-GSM is not greater than GSM.

However, in the case of EC-GSM victim and GSM aggressor, things are more complex. For instance, two MS output power levels are defined in EC-GSM: 33 dBm and 23 dBm. For 33 dBm output power (i.e. same as legacy GSM), the results for legacy GSM can be reused, as shown in equation (2) and (3) below,
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But in the case of 23 dBm output power,
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Obviously 
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. Hence it is not clear how the actual SINR reduction would be in the case of 23 dBm output power.

Furthermore, as indicated in [5], the assumptions on building penetration loss for EC-GSM MSs will also reshape the SINR distribution for CIoT and consequently change the SINR reduction. Specifically, 
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Again, 
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. And the conclusion holds when the aggressor is changed to UMTS/LTE.

In summary, coexistence simulation results should be provided for EC-GSM at least for the case of EC-GSM victim and GSM/UMTS/LTE aggressor.

4 Conclusions

In this document the applicability of the agreed coexistence scenarios to different candidate solutions is discussed. It is observed that to claim the fulfilment of the coexistence objective,

· For clean-slate solutions, simulations are necessary for all simulation cases.

· For EC-GSM, simulations are necessary at least for the EC-GSM victim and GSM aggressor cases.

5  References

[1] GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) (revision of GP-140418)”, VODAFONE Group Plc., GERAN#62.
[2] 3GPP TR 45.820 v1.2.0, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”.
[3] GPC150177, “CIoT - Coexistence with GSM (update of GPC150229)”, Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd., 3GPP TSG GERAN CIoT Adhoc#2.

[4] GPC150304, “CIoT - Coexistence with LTE and UMTS (revision of GPC150303)”, Vodafone GROUP Plc, 3GPP TSG GERAN CIoT Adhoc#2.

[5] GPC150179, “NB M2M - Simulation results for coexistence with GSM (coordinated)”, Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd., 3GPP TSG GERAN CIoT Adhoc#2. 
3

_1493110226.unknown

_1493135099.unknown

_1493135421.unknown

_1493136069.unknown

_1493136149.unknown

_1493135144.unknown

_1493134861.unknown

_1493135049.unknown

_1493111035.vsd
Aggressor MS


Iaggr


I


S


Victim BS



_1493110183.unknown

_1493110196.unknown

_1493110070.unknown

