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1. Introduction
In RAN4 Ad Hoc meeting on NB-IoT, a way forward on RRM is approved in [1], with following proposals:
· Measurements and mobility

· …
· RRM measurement performance is to be studied for each deployment type (in-band, guard-band, stand-alone) independently and the corresponding requirements shall be defined accordingly for NB-IoT UEs in RRC_IDLE state. 

· RAN4 is to analyse the impact of deployment type on the cell reselection procedure/requirements for NB-IoT UEs in RRC_IDLE state. 
· ...
In this contribution, the impacts of deployment type, i.e. operation modes in WID [2], are discussed.
2. Discussion
1.1. Operation modes
In NB-IoT WID, three operation modes are stated [2]:
NB-IOT should support 3 different modes of operation: 

1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier
The main difference is the reduced available symbols in a subframe under inband operation mode. In LTE system, a number of essential channels/signals (e.g. PDCCH/PHICH/PCFICH, CRS) are transmitted by spanning over the whole system bandwidth as shown in Figure 1. These signals have to be avoided by narrow band IoT deployed as in-band operation. 
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Figure 1 LTE PRB structure

Considering these differences, RAN1 has agreements on design of downlink channels and reference signals of NB-IoT systems. For synchronization signals, it is stated in [2]:
A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
For downlink reference signals, it is agreed that
Agreements:

· A NB-RS is used at least for NB-PBCH and that is common among all operation modes

· At least NB-RS is always present and always used for single antenna port and 2 antenna ports transmission schemes

· FFS: Additional utilization of LTE CRS in in-band operation mode

· For NB-PDCCH/NB-PDSCH,

· In-band operation

· NB-RS is present without condition

· Stand-alone and guard-band operations

· Only NB-RS is used

Based on above agreements, it could be observed:
Observation 1: It has been agreed in RAN1 that
· There is a single synchronization signal design for three operation modes. The signal density is under discussion.
· NB-RS is used for three operation modes, even though RS pattern is under discussion. The utilization of LTE CRS in inband operation is FFS.

1.2. Impacts to RRM requirement
The way forward in last meeting is approved with following proposals on cell re-selection:
· Cell re-selection requirement

· Requirement for cell reselection comprises at least:

· Measurement and evaluation of serving cell, 

· Cell identification time of target cell,

· Measurement period of target cell

· Evaluation time of target cell

· Any additional requirement, if identified, is not precluded.

Although there is a single synchronization signal in different operation modes, different intervals of synchronization signals are not precluded. Different synchronization signal density and possible different transmit power in different operation modes would have different delay for UE to perform cell identification. Therefore, the cell identification of target cell in different operation modes rely on RAN1 design on synchronization signals.

NB-RS design is proposed for all operation modes, which is probably used for measurement instead of LTE CRS. However, there is no agreement on whether the same NB-RS pattern is used for all operation modes. Furthermore, whether LTE CRS is used in in-band deployment is FFS in RAN1, which would affect the measurement on serving cell and target cells. From RAN4’s point of view, it is beneficial to utilize LTE CRS in inband operation mode, because this can increase measurement accuracy. Therefore, the measurement of serving cell and target cells is also dependent on RAN1 design on downlink reference signals. 
Observation 2: The cell identification and measurement depends on RAN1 decisions on synchronization signal design and reference signal design.
3. Conclusion
In this contribution, we give the analysis of difference between different operation modes based on RAN1’s agreements, and also its impacts on RRM requirements. After discussion the following observation can be concluded:
Observation 1: It has been agreed in RAN1 that

· There is a single synchronization signal design for three operation modes. The signal density is under discussion.

· NB-RS is used for three operation modes, even though RS pattern is under discussion. The utilization of LTE CRS in inband operation is FFS.
Observation 2: The cell identification and measurement depends on RAN1 decisions on synchronization signal design and reference signal design.
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