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Co-existence considerations for CIoT application
Introduction
One of the challenges for CIoT applications is the requirement of increased sensitivity, due to deep penetration into buildings. 
The devices in the system are normally static or slowly moving. In addition, there will be units located in-house or even in a basement resulting in additional high attenuation.  An objective in the study is to achieve an improved sensitivity of up to 20 dB compared to standardized sensitivity for GSM/GPRS, see [9]. 
The means to achieve this could be e.g. repetitions of signal or reducing the channel noise bandwidth by reduced channel bandwidth. Irrespective of method the requirement on sensitivity in a given environment will put stringent requirement on useful dynamic range and capability to withstand interference in areas with low signal strength.
A basic assumption is that the impact on public communication systems, which spectrum is shared by the CIoT system, should be negligible. Thus the impact from a new CIoT system on the existing public cellular system performance for co-existence needs to be analyzed, by calculation analysis and/or simulations of relevant scenarios. The choice of scenarios and the definition of characteristics of the CIoT system are essential to achieve relevant results. This is especially important for CIoT systems with characteristics not previously analyzed for co-existence.
This document summarizes some features and characteristics that need to be considered for evaluation. A number of possible scenarios, depending on the configuration of the public system, are discussed. For each issue the status of agreement as stated in the latest proposal for co-existence between GSM systems and NB M2M system, presented at the Adhoc meeting 2-5 February 2015 [1], is included. 
In the last section some comments are given to summarize which issues that still need clarification and agreement.
General consideration for coexistence studies
1.1 [bookmark: _Ref413069804]System configurations and inter-system locations
1.1.1 [bookmark: _Ref412645858]Radio link scenarios to consider
The following coexistence scenarios are at least to be considered for studies and simulations
Scenario 1. GSM MS victim and CIoT BS aggressor.
Scenario 2. GSM BS victim and CIoT UE aggressor.
Scenario 3. CIoT UE victim and GSM BS aggressor.
Scenario 4. CIoT BS victim and GSM MS aggressor.
Other links that may need to be analyzed, but not necessarily simulated, are
a) GSM BS victim and CIoT BS aggressor
b) GSM MS victim and CIoT UE aggressor
c) CIoT BS victim and GSM BS aggressor
d) CIoT UE victim and GSM MS aggressor
At least the a) and b) above need to be analyzed for CIoT systems with new characteristics to be able to establish relevant transmitter requirements for the CIoT system. In the remaining cases the characteristics of GSM aggressors are given and could be used for establishing necessary receiver requirements on the CIoT system. MCL or worst case analysis may be sufficient to find possible limitations.
1.1.2 [bookmark: _Ref413070025]Network lay-out
The cellular structure of the public GSM system and the CIoT system need to be defined., regarding
· Cell structure, e.g. hexagonal cells
· Site-type (e.g. 3-sector site) and cell size and/or site distance
· Geographical offset between the systems, i.e. co-sited or uncoordinated.
· When uncoordinated, worst case should be considered
· Macrocell and microcell structure, i.e. different cell sizes, see [8] or [4].
At least both co-sited and maximally cell offset scenarios (uncoordinated deployment) should be considered for macro cell systems. 
The impact from one system (aggressor) of micro-cell type should be analyzed or simulated to find the worst case.
Status regarding proposal in [1]: 
Cell structure, site-type and cell size has already been agreed. However, only coordinated scenario is considered in [1]. Agreement is needed on uncoordinated scenarios and if different cell sizes will be considered. 
1.1.3 Antenna arrangement
Antenna characteristics shall be defined for both network BSs and MS/UE. such as
· Antenna pattern, previously used patterns in 3GPP, e.g. [4], or 3D model in ITU-R recommendations,  e.g. [5] (as used in [6]), are preferred
· Max antenna gain, e.g. 18 dBi
· BS feeder loss, e.g. 3 dB
· BS antenna height
Status regarding proposal in [1]: 
Antenna pattern, max antenna gain, and BS feeder loss has already been agreed, see [1].Values for BS and UE antenna heights are included in the propagation loss formula in the agreed propagation model in [4].  The BS antenna model requires an agreed value of Minimum coupling loss, not exaggerate the signal strength when close to BS.
1.1.4 [bookmark: _Ref412646879]Frequency usage
Key frequency usage parameters need to be defined for each system e.g.:
· Channel arrangement and allocation of carriers for broadcast and packet data channels, uplink and downlink
· Frequency reuse for broadcast carriers and packet data channels, uplink and downlink: two different frequency reuse should be considered
· Frequency load as number of carriers active per cell
· If frequency hopping is used or not (both cases should be simulated)
· Applicable frequency band(s)
More than one frequency system allocations should be considered unless one is obviously worst case.
Regarding frequency load, at least the estimated worst case could be chosen in each case, i.e. high load in the aggressor and low load in the victim system. If needed, a “typical” load scenario may be added. 
Status regarding proposal in [1]: 
Two different frequency system allocations for the CIoT system have already been agreed for 900 MHz band. For GSM as victim two frequency planning scenarios shall be considered, 3/9 and 4/12. It is still unclear how the channels arrangement, reuse and frequency load are defined in the CIoT system. Clarification is needed if frequency hopping is used in the CIoT system. Simulations with and without frequency hopping in the public GSM system shall be simulated.
1.1.5 Transmitter characteristics
Transmitter characteristics as defined at the antenna connector (BS) or virtual antenna connector (MS/UE) needs to be specified in terms of; 
· Output power in a common bandwidth, e.g. 200 kHz
· Power spectrum mask(s) vs frequency offset, including any implementation margins, at least defined for affected adjacent channels;
· Single carrier including wideband noise, spurious etc
· With maximum number of active carriers, including accumulated noise, spurious and intra-carrier intermodulation 
For simulation purposes the worst cases could be chosen, i.e. max number of carriers or channels active in the aggressor.
As a basic assumption characteristics according to latest standardized requirements could be used if available. 
The spectrum mask with multiple active carriers may be modelled in the simulations as total wideband noise including the sum of IM products, wideband noise and spurious emissions, see [7] for description and comments. A stepwise model (per channels bandwidth) may be used.
Status regarding proposal in [1]: 
Output power in 200 kHz for GSM BSs is already agreed. Power spectrum for single carrier and for maximum number of active carriers need to be defined. 
1.1.6 [bookmark: _Ref412742860]Receiver characteristics
Receiver characteristics for BS and MS/UE in each system include
· Noise factor
· Channel bandwidth
· Adjacent and second adjacent channel rejection (need to be defined and settled)
· Any implementation deficiencies should be included when calculating the effective sensitivity
· Noise rise due to blocking issues
As a basic assumption characteristics according to standardized requirements could be used if available. However, GSM MS and BS noise performance has improved a lot since standard requirements were set. More typical values could be chosen. 
For GSM MS the receiver bandwidth may be different for different MSs. In traditional devices typically a matched filter principle was followed (using a filter bandwidth of roughly 160 kHz), while in more modern implementations a wider bandwidth is typically used to allow for better interference suppression capabilities and more efficient reception of higher order modulation  (Rx filter of roughly up to 240 kHz). Two different bandwidths are proposed to use to take this into account.
Status regarding proposal in [1]: 
Noise factors already agreed. The channel bandwidths for GSM MS as stated above shall be applied. The requirements for adjacent channels as well as any assumptions on implementation deficiencies need to be defined and considered in simulations.
1.1.7 [bookmark: _Ref412653832]Power control
It should be stated if power control is implemented in the CIoT system. Power control in GSM is not ideal or immediate as it is based on reporting every 400 ms. Especially in the uplink the decrease in power may take several reporting periods. In the downlink the reduction may be faster but normally a margin for fading is considered, to avoid that the received signal is falling below the wanted SINR target. It may be too complex to reflect real behavior of power control. However, when modeling the GSM system as aggressor no power control should be used to emulate a worst case. For the same reason, power control is not applied when CIoT system are the aggressor. For the victim the best choice is to let the power control be applied both when the interfering system is switched off and when it is switched on, using an unchanged power control level. The difference in system performance is recorded before and after the interference from the aggressor system is added. 
Status regarding proposal in [1]: 
Power control should be implemented in the victim system to emulate the situation both before and after the aggressor system is switched on. No power control shall be applied to the aggressor system. The applicable choice shall be stated.
1.2 [bookmark: _Ref413069896]Simulation parameters
1.2.1 Propagation model
Propagation models used in other 3GPP studies are preferred. 
Parameters to be agreed should cover at least
· Outdoor propagation loss vs distance (avg), e.g. models based on COST 231 and 259 or ITU-R with probability for LOS as used in [8] or the models used in [4] with associated, applicable parameters stated
· Shadow standard deviation
· Correlation distance of shadowing
· Shadow correlation between cell sites
· Shadow correlation between sectors in the same site
· Indoor coverage from outdoor BS sites including building penetration
· Minimum Coupling Loss limit for outdoor system (if not already limited by 3D antenna pattern)
· Indoor propagation loss from indoor micro cells 
All parameters except the last one are applicable to macro-cell networks. Parameter values from earlier GERAN simulations should be used.
For urban areas there is also a probability of Line-of-Sight situation that might be added.
Alternatively for outdoor cells, the propagation loss (avg) to every location in the cells can be calculated from actual site locations with known geographical and building data. Shadowing standard deviation could be added as above, see [7].
Status regarding proposal in [1]: 
 Outdoor propagation loss model, shadow standard deviation, correlation distance of shadowing, shadow correlation between cell sites, shadow correlation between sectors of the same site and indoor building penetration loss from outdoor BS has already been agreed.
Minimum coupling loss as defined in [3], i.e. 59 dB, should be agreed.
1.2.2 MS and UE movements
The applicable speed range of MS and UE respectively shall be defined.
1.2.3 Simulation method
Link results may be determined by Monte-Carlo analysis with users dropped uniformly in the cell according to an indoor/outdoor distribution model. The total number drops should be sufficiently high to accumulate link results that can correspond to highest traffic load in the aggressor cell. SINR for the applicable victim channels in a cell are calculated based on the sum of all the interference sources. Interference from MS/UE in adjacent cells on the same channel should be included, while applying a low limit for interference impact to limit the number of sources. The specified spectrum mask should be used to include the contribution from all aggressor carriers.
To simulate the impact on a complete network may seem to be tedious. However, it is not acceptable to only apply the simulation above for only one or a few cells, where the aggressor system is implemented, and use the result to calculate the impact on the complete network. This averaging will reduce the simulated impact in an incorrect way.  
Status regarding proposal in [1]: 
It is agreed to use MC-analysis with users uniformly dropped in the cell according to the agreed indoor/outdoor distribution model. Only cells where both systems are implemented and active shall be included.
1.2.4 [bookmark: _Ref412654467]Evaluation of results
The impact of interference can be evaluated by using the SINR distribution in each cell. SINR is calculated as the ratio between the wanted signal and the sum of noise, co-channel and adjacent channel interference at the receiver input. Noise and interference are integrated over the relevant receiver channel bandwidth of the victim. The result for the cell can be best presented in a CDF distribution (see [8] or as a number of percentiles of SINR reduction, e.g. 10%, 90%, 95% and 99%.
Using a measure like Adjacent Channel Interference Ratio (ACIR) defined in [4] as defined as the ratio of the total power transmitted from a source (base station or UE) to the total interference power affecting a victim receiver, resulting from both transmitter and receiver imperfections:


should be used with care as the SINR reduction may be masked by low-performing receiver, i.e. low Adjacent Channel Selectivity (ACS) is dominating factor.  
To elaborate a bit, ACS is not defined for GSM. It is even different for different channel types and modulations. E.g.- for LTE DL, ACLR is specified to be at least 45 dB while ACS is specified to 33 dB. This means that ACIR is approximately 32.7 dB. During the investigation on the impact from MCBTS on WCDMA, it was found that typically speech GSM MS has an ACS of 38 or 39 dB, giving an ACIR of 37.2 or 38 dB respectively. Advanced MS have even better performance. Thus, a definition and calculation of reasonable value for ACS is essential to agree to.  
ACS is receiver filter dependent.  GSM receivers may have quite different implementation of RX filtering, see Section 2.1.6 on the proposal of using two different assumptions on receive filter in GSM. 
Adjacent Channel Leakage Ratio (ACLR) requires that a relevant spectrum mask is defined for all CIoT candidates, see [2] for further discussions.
None of the parameters in ACIR have been applied to GSM systems. ACIR is preferred to be used when evaluating impact on in wideband systems. 
Outage is not defined in the [1]. For wideband systems outage is defined as occurrences when, due to a limitation on the maximum TX power, the measured Eb/N0 of a connection is lower than the Eb/N0 target.  For GSM, this approach assumes that a single target for SINR value is used as criterion, which means that is only applicable to speech in GSM. Outage in a system as criterion for impact need to be used with care as even a 0.01% outage may mask a much higher impact in some cell(s). The impact on the system should therefore be presented on a per cell basis. Statistics from different cells can be grouped in case the same frequencies are allocated to the cells (in case of frequency re-use).
Status regarding proposal in [1]: 
It is already agreed to use SINR for evaluation of impact. No other criteria are agreed. Using only ACIR as criterion for impact is not agreed. It is proposed to use SINR distribution as criterion. If ACIR and outage will be used, definitions of them need to be agreed. Furthermore, the impact on the system should be presented on a per cell basis to avoid masking the impact due to frequency planning.
Discussion on implementing the analysis method to CIoT systems
1.3 Outdoor and indoor coverage by macro systems 
1.3.1 BS and UE considerations
In this case the MSs in the public system and the UEs in the CIoT system will experience similar propagation attenuation properties when being outdoor or within the buildings respectively. This implies that the requirements on the MS/UE receiver dynamics remain the same whether indoor or not. This is because increased sensitivity is balanced by lower maximum signal strength from interfering aggressor BSs. Simple AGC action could handle this. 
For the BS the situation is different, and operating in a CIoT system put more requirements on the dynamic range of the BTS receiver. This need further consideration, but is not considered more in this discussion paper.
1.3.2 [bookmark: _Ref412647033]Worst case consideration
To limit the number of simulations it may be considered to concentrate on worst case situation for each case according to section 2.1.1, e.g.
	Scenario
	Worst case consideration

	1. GSM MS victim and CIoT BS aggressor
	GSM MSs outdoor only and CIoT BS connects to BSs outdoor and in-building according to the distribution

	2. GSM BS victim and CIoT UE aggressor
	CIoT UEs outdoor only and GSM BS connecting to MSs outdoor and in-building according to the distribution

	3. CIoT UE victim and GSM BS aggressor
	CIoT UEs outdoor only while GSM BS connects to UEs outdoor and in-building according to the distribution

	4. CIoT BS victim and GSM MS aggressor
	GSM MSs outdoor only and CIoT BS connecting to UEs outdoor and in-building according to the distribution


In all cases the aspect of high traffic load in the aggressor network in section 2.2.3 should be considered.
1.4 Networks with improved indoor coverage
In case the indoor coverage of an uncoordinated public network is improved by repeaters or microcells, the situation for the CIoT UE will be worse unless also the IoT system implement such options. In this case there might be areas with limited accessibility due to high interference. The worst case scenarios as described in 3.1.2 still apply.
Status regarding proposal in [1]: 
Still not discussed or agreed.
Impact on public systems from IoT system
Let us assume that carriers of a public GSM system re-farmed for CIoT application. In case GPRS channels are used for CIoT, these will be planned as any other carrier, i.e. the impact will be negligible. On the other hand if the carrier is split into a number of narrow channels, additional aspects need to be considered, to avoid impact on communication on other channels. E.g. transmitter IM products need to be lower or equal to wideband noise requirements for single GSM carrier. One aspect that will have negative impact regarding these aspects is the increased peak-to-average (PAR) in the signal that the superposition of multiple narrowband signals pose to the base station PA compared to a single GSM carrier with 0 dB (GMSK) or limited PAR (8PSK, 3.2 dB).
Hence, operating the PA at signal levels above what as used in GSM, has the potential of having negative impact on public system, adjacent to the CIoT-system in the same frequency band.
Comments to previous proposal 
Some comments to the proposal in GPC150020 on NB M2M [1] are given in view of the aspects given above. There are still some assumptions that need to be clarified:
· With reference to section 2.1 System configuration
· 2.1.1 Scenarios: 
· The conditions and possible limitations for the issues raised in bullet a) and b) in 2.1.1 should be considered to assure that this will be considered in the design phase of the requirements for CIoT system.
· 2.1.2 Network layout:
· It seems as the only considered scenario is when the CIoT system an integrated part of public communication system, i.e. the systems are co-sited. Both coordinated and uncoordinated scenarios (worst case regarding cell offset) need to be considered!
· Which configurations of uncoordinated public systems will be considered? Macro-macro seems to be the only considered. Also the combination GSM micro-cell network and macro-cell NB M2M/CIoT should be considered (different cell-size), as is typically done in GERAN co-existence studies.
· 2.1.3 Antenna arrangement: : 
· An agreement regarding  NB M2M/CIoT UE antenna gain should be confirmed
· Clarification on what BS and MS antenna height is used to derive the already agreed distance dependent path loss model.
· 2.1.4 Frequency usage: 
· An F_offset_RAT should be defined. In [1] the F_offset in coordinated scenario is defined. Will this be different for an uncoordinated scenario?
· Is frequency hopping used in CIoT? If so, how will it be implemented?
· How is the broadcast carriers mapped? It is still unclear how the channels arrangement, reuse and frequency load are defined in the CIoT system.
· NB M2M specific comment to [1]: Are the frequency blocks in downlink contiguous? Seems to be required in the uplink only.
· Frequency hopping as well as non-hopping GSM system scenario should be considered. Both 4/12 and 3/9 reuse should be considered.
· 2.1.5 Transmitter characteristics: 
· [bookmark: _GoBack]Confirmation of proposed NB M2M/CIoT UE power (can be candidate specific)
· Spectrum mask for single and multiple active carriers including all implementation deficiencies, such as IM products, need to be defined
· 2.1.6 Receiver characteristics: 
· A number of basic parameters are still not defined for CIoT, e.g. adjacent and second adjacent channel rejection
· Implementation deficiencies to be defined to capture real implementation issues
· Blocking requirements in the CIoT system
· 2.1.7 Power control: 
· Regarding power control the aspects shown in section 2.1.7 should be considered.
· With reference to section 2.2, Simulation parameters
· 2.2.1 Propagation model: 
· Minimum coupling loss according to 45.050 [3] should be used, e.g. 59 dB
· 2.2.4 Evaluation of results: 
· Simulation evaluation according to section 2.2.4 should be considered.
· Other questions for discussion
· What is the criterion for minimum acceptable probability for accessibility, in time and space? 
· At what conditions will the access attempt be repeated? Interruption or incomplete?
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