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1
Introduction
A new WI on narrowband IOT (NB-IOT) [1] is agreed in RAN# 49.  Based on the WID [1], there are 3 operation modes:

1. Stand-alone operation
2. Guard band operation
3. In-band operation

The detailed objectives for RAN4 work are also specified in the WID [1], as
· RAN4 to specify core requirements (when needed) to allow for  “standalone”  “in guard band operation” and “in-band operation” in specific bands (depending on operator input) as follows: 

· UE radio transmission and reception 

· Base Station radio transmission and reception 

· UE and Base Station Requirements for support of Radio Resource Management

· For the stand-alone operation, specify RF requirements to meet GSM mask 
· For the guard band operation, specify RF requirements for adjacent / non-adjacent co-existence with LTE in the guard band.
· For the in-band operation, specify RF requirements for adjacent channel coexistence with another LTE carrier and specify RF requirements for in-band co-existence with LTE. 
The WID clearly indicates that the adjacent channel co-existence study is needed for the guard band operation and the in-band operation.  We provide our initial discussion and our views in this contribution.
2
In-band operation

NB-IOT shall utilize LTE resource blocks within a regular LTE carrier for the in-band operation, as defined in the WID [1].  The detailed bandwidth allocation for downlink and uplink can be illustrated in Figure 1, which is copied from Figure 1 of our RAN1 contribution [3].
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(a) Downlink in-band operation (b) Uplink in-band operation


Figure 1
In-band operation for NB-IOT (from Figure 1 of [3])
In the downlink, the NB-IOT resource is allocated over the data symbols.  NB-IOT UE can still use LTE CRS for channel estimation and demodulation of M-DPCCH and M-PDSCH assuming that the LTE cell ID is provide (in M-PBCH). There are also considerations in RAN1 to configure alternative pilots for NB-IOT.  Power boosting is possible for NB-IOT PRB to reach desired coverage.
In the uplink, one LTE PRB is reserved for NB-IOT usage.  A NB-IOT UE can send its signal within the allocated PRB with single tone.
Based on the WID [1], it is required to study the adjacent channel coexistence for the in-band operation.  In the downlink, the NB-IOT operation will be scheduled by LTE eNB.  With a 15 kHz sub-carrier spacing, the same cyclic prefix length and the same symbol timing as the LTE carrier, the NB-IOT PRB is orthogonal with other LTE PRB.  Even with potential power boosting for NB-IOT PRB, it is likely that the interference between the NB-IOT and LTE is minimal.  However, for uplink, the NB-IOT transmission is no longer orthogonal to the LTE transmission due to different subcarrier spacing of NB-IOT waveform.  If, due to this lack of orthogonality, other LTE UEs' UL transmission in adjacent PRBs creates interference and hence the increased total interference+noise in the 180 kHz for the NB-IOT is significantly higher than the thermal noise, a higher number of repetitions to achieve the MCL target is required.  Therefore, we propose focusing the in-band coexistence study on uplink and only address DL if other than 15kHz sub-carrier spacing is considered further.

3
Guard band operation

One example of NB-IOT guard band operation can be illustrated in Figure 2 (copied from Figure 1 of our RAN1 contribution [4]).  The NB-IOT system uses one PRB within the guard band of an LTE carrier.
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Figure 2
Guard band operation for NB-IOT (from Figure 1 of [4])
The exact location of the NB-IOT in the guard band will depend on the channel raster, and LTE adjacent channel requirements such as ACLR.  The NB-IOT resource block location can be adjacent to the first/last LTE PRB; while further guard band may be required.  The coexistence study shall provide guidance on potential NB-IOT allocation for guard band operation.
For FDD system, both downlink and uplink NB-IOT can be allocated in the guard band.  For NB-IOT downlink with the guard band operation, the major impact will be on the mutual interference between NB-IOT and LTE.  This needs co-existence study on potential downlink interference, which may need further extension of LTE guard band.  For the guard band operation on the NB-IOT uplink, similar to the in-band operation, the NB-IOT waveform will not be orthogonal to LTE and thus it will cause adjacent channel interference.  Adjacent channel coexistence study is needed to study the impact of guard band operation for both downlink and uplink.
4
Adjacent channel coexistence study

4.1
coexistence study scenarios
Based on previous discussion on the NB-IOT in-band and guard band operation modes, the adjacent channel coexistence scenarios can be summarized in Table 1.
Table 1    Adjacent channel coexistence scenarios for NB-IOT

	Operation mode
	Case No
	Aggressor
	Victim
	DL/UL

	In-band
	1
	NB-IOT
	LTE
	UL

	
	2
	LTE
	NB-IOT
	UL

	Guard band
	3
	NB-IOT
	LTE
	DL

	
	4
	LTE
	NB-IOT
	DL

	
	5
	NB-IOT
	LTE
	UL

	
	6
	LTE
	NB-IOT
	UL


Both coordinated and uncoordinated NB-IOT and LTE operations shall be included based on the corresponding applicability of NB-IOT operations.  RAN4 shall focus on these scenarios to understand potential impact between NB-IOT and LTE, for in-band and guard band operations.  The outcome of the study shall be applied for potential specification of RF requirements, as indicated in the WID [1].
4.2
Simulation assumptions and network deployment

The simulation assumptions for NB-IOT shall be based on [3] and [4] for in-band operation and guard-band operation, respectively.  The network deployments for coexistence study shall be based on [5], TR 36.0942 [6], and TR 45.820 [2].  RAN4 shall decide detailed parameters for simulation work.  For example, frequency offset is an important parameter for the guard band operation.  ACI (adjacent channel interference) will be a function of the frequency offset to the LTE carrier.  Initial frequency offset could be used to study the ACI impact; and the further coexistence study will determine suitable frequency offset values for potential NB-IOT specification.
4.3
Evaluation metric

We shall use two steps for evaluation of system performance: 

Step 1:
Plot the cdf of total adjacent channel interference (ACI) for the victim system with full power transmission aggressor.

Step 2:
When LTE is the victim system, use throughput degradation as the evaluation metric.  When NB-IOT is the victim, use degraded BLER performance as the evaluation metric.

4.4
System simulation methodology

Static system simulation shall be used for the adjacent channel coexistence study.  For the system simulation, we shall follow the methodology:
1. Deploy the network based on a specific scenario;

2. Assign the carriers to LTE eNB and NB-IOT base station;

3. Assign UE to LTE and NB-IOT;
4. Evaluate adjacent channel interference (ACI) for the victim system

5. Calculate SINR and evaluate performance (throughput or BLER).
No dynamic aspects, such scheduler behaviors, shall be simulated in the context of the coexistence study.  We use the relative throughput or BLER performance to study potential impact of NB-IOT or LTE, respectively.
5
Conclusion
This contribution provides our view on adjacent channel coexistence study for NB-IOT in-band operation and guard-band operation.  We propose to study these cases, based on the NB-IOT WID [1].
	Operation mode
	Case No
	Aggressor
	Victim
	DL/UL

	In-band
	1
	NB-IOT
	LTE
	UL

	
	2
	LTE
	NB-IOT
	UL

	Guard band
	3
	NB-IOT
	LTE
	DL

	
	4
	LTE
	NB-IOT
	DL

	
	5
	NB-IOT
	LTE
	UL

	
	6
	LTE
	NB-IOT
	UL


Static system simulation shall be used for the coexistence study.  System throughput or BLER degradation performance should be evaluated to investigate potential performance impact between NB-IOT and LTE systems under NB-IOT in-band and guard band operation.
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