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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth. This WI has been revised during last RAN#70 [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture. NB-IoT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 
This contribution is an update of [4] from last AH meeting regarding NB-IoT BS RF core requirements and potential impacts (if any) on LTE BS RF requirements.
2 Discussion
Figure below shows different operation modes of NB-IOT
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Figure 1 Different operation mode of NB-IOT

During last AH meeting, a way forward [6] related to BS RF requirements has been agreed. It summarizes current agreements and the remaining open items. This contribution goes through all BS RF requirements to give a mode detailed status.
2.1.1 Operating bands and channel arrangement
The approved TP [7] captures all NB-IoT supported bands in the NB-IoT TR [8].

The proposed TP [9] captures channel bandwidth, transmission bandwidth configuration and transmission bandwidth for NB-IoT for all operation modes. It further specifies as well those terms for LTE when NB-IoT is operating in band or in guard band.

Channel raster has been agreed in RAN1 [10] and shall be further specified in TS 36.104.

2.1.2 Transmitter requirements
Wide Area BS type is considered for NB-IoT, while Home Area is not. Medium range and Local Area BS are still under discussion.

Base station rated output power is defined as the mean power level per carrier (36.104). However there is no upper limit for the rated output power of the wide-area base station. A base station with maximum output power of 46dBm can be considered under this category and therefore same output power requirements as the legacy E-UTRA can be reused for NB-IOT.
The additional regional requirement (section 6.2.2) are related to bands which are not of priority according to [2], NB-IOT should not impact this section.

For NB-IoT standalone, a new “RE” power control dynamic range table and new BS total power dynamic range (section 6.3.1 and 6.3.2) should be added. The additional power boosting of +6dB shall also be considered for in band and LTE carrier guard band, the overall output power shall be redistributed over LTE and NB-IoT then when sharing same radio. 
Even if NB-IoT will only be specified for FDD in release 13, we should ensure forward compatibility for TDD. 

It has been agreed ([6]) that NB-IoT transmitted signal quality metrics requirements will reuse LTE ones (EVM, frequency error and time alignment error). Depending on RAN1 outcomes, new requirements for DL RS power might be added later. If not, NB-IoT shall reused E-UTRA’s ones.
Depending on ongoing coexistence studies, possible new ACLR requirements (6.6.2) should be considered for NB-IoT standalone.

We are proposing new unwanted emission requirements for NB-IoT standalone, see our contribution [11]. When in band and guard band, LTE unwanted emission should apply. 
Transmitter spurious emissions requirements (6.6.4) should possibly be re-used for NB-IoT.
For in-band requirements and in particular stand-alone, possibly the offsets should be further investigated.

For NB-IoT standalone, the intermodulation requirements (6.7) are not expected to be changed, existing E-UTRA requirements could be reused for NB-IoT. Nevertheless, as the interferer injected into the antenna collector is a 5 MHz bandwidth signal, this part would have to be reconsidered. Due to the power boosting for the in-band and guard-band operation, the intermodulation requirements (6.7) may need to be revisited as well.

Table in slide 5 of WF [6] is summarizing up transmitter requirements status, changes in following Table 1 are highlighted.
	RF requirements
	LTE + NB-IoT in band / guard band
	NB-IoT standalone

	
	LTE
	NB-IoT
	

	Base station output power
	No change
	NA
	To specify

	Output power dynamics
	No change
	To specify
	To specify

	Transmitted signal quality
	

	Modulation quality
	No change
	Similar LTE
	Similar LTE

	Frequency error
	No change
	Similar LTE
	Similar LTE

	Time alignment error
	No change
	Similar LTE
	Similar LTE

	Unwanted emissions
	

	Transmitter spurious emissions
	No change
	Similar LTE

	Operating band unwanted

emissions
	No change       


	See [11]

	Occupied bandwidth
	No change     To be reconsidered 
                        when guard band
	To specify

	ACLR
	No change
	NA
	To specify

	Transmitter intermodulation
	No change
	Interferer to be redefined
	Interferer to be redefined


Table 1: Transmitter requirements
2.1.3 Receiver requirements

We are proposing REFSENS specification in [12]. After running the required simulation to determine SNR value, REFSENS value would be finalized.

A new set of parameters for the Fixed Reference Channel shall also be defined to specify dynamic range requirement. In-channel selectivity requirements (7.4), adjacent channel selectivity requirements (7.5) and blocking requirements (7.6)) shall still be addressed. 

It has been agreed ([6]) LTE receiver requirements (Reference sensitivity, Dynamic Range, In/channel selectivity, Adjacent Channel Selectivity and blocking requirements) shall not be impacted. Also, as NB-IoT will operate as a narrow band blocking interferer, the narrow band blocking requirement should be checked due to power boosting. Associated throughput requirements and interfering signal shall be further described when NB-IoT is operating inband or guard band.
The receiver spurious emission power is the power of emissions generated or amplified in a receiver that appear at the BS receiver antenna connector, and does not depend on the bandwidth of the system or power of the received signal. Therefore the existing receiver spurious emission requirements (7.7) can most likely be reused for NB-IOT is operating in any mode.
The receiver intermodulation requirements might require a re-visit considering the channel bandwidth of the e.g. stand-alone NB-IoT.
Table in slide7 of WF [6] is summarizing up receiver requirements status, changes in following are highlighted.

	RF requirements
	LTE + NB-IoT in band / guard band
	NB-IoT standalone

	
	LTE
	NB-IoT
	

	Reference sensitivity level
	No change
	   See [12]
	See [12]

	Dynamic range
	No change
	To specify
	To specify

	In-band selectivity and blocking
	

	
Blocking
	No change
	To specify
	To specify

	
Narrowband blocking
	No change
	To specify
	To specify

	Out-of-band blocking
	No change
	To specify
	To specify

	Receiver spurious emissions
	No change
	No change
	No change

	Receiver intermodulation
	

	
Intermodulation
	No change
	To specify
	To specify

	
Narrowband intermodulation
	No change
	To specify
	To specify

	In-channel selectivity
	No change
	To specify
	To specify

	Performance requirements
	No change
	To specify
	To specify


Table 2: Receiver requirements
3 Conclusion
In this contribution we further elaborated on core RF requirements for the NB-IoT base station in all operation modes and noticed there should not be any impact on LTE BS RF requirements when introducing NB-IOT. 
Some changes are pending on the general layer 1 design, others on the ongoing coexistence study, but additional work and simulations are expected to be able to finalize BS RF specification.
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