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1 Introduction
WID for NB-IoT was revised in [1]. Revision on NB-IoT uplink and downlink is:
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This contribution discusses the general RF issues for both BS and UE for NB-IoT.
2 Discussion
2.1 NB-IoT carrier number and BS class
NB-IoT is introduced in 3GPP to address the requirements of cellular internet of things. It aims GSM refarming spectrum and scatter spectrum resources as well as LTE in-band and guard band spectrum resources, the deployment of NB-IoT will have a gradual increase. In order to urge the standard ready and deployment of NB-IoT in market timely, for Rel-13, it is proposed to only consider single NB-IoT carrier for all the three operation modes and considering the pragmatic scenarios, only wide area BS is proposed to be considered for NB-IoT, other BS classes are left to later releases.
Proposal 1: For Rel-13, it is proposed to only consider single NB-IoT carrier for all the three operation modes. 
Proposal 2: For Rel-13, only wide area BS is proposed to be considered for NB-IoT, other BS classes are left to later releases.
2.2 Guard band operation mode
LTE guard band occupies 10% of the channel bandwidth for 5MHz~20MHz. The guard band is reserved for FIR filter transition period and ensures the emission can decrease to a level at the channel edge to meet the UEM requirement. NB-IoT in guard band operation will shrink the guard band of the carrier as in Figure 1.
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Figure 1 Guard band shrink for NB-IoT guard band operation
Therefore, the feasible channel bandwidth for LTE guard band need further study in BS transmitter and receiver side, considering the UEM requirement and receiver selectivity requirement. 
Proposal 3: The feasible channel bandwidth for LTE guard band need further study in BS transmitter and receiver side, considering the UEM requirement and receiver selectivity requirement.
2.3 Supported Bands for NB-IoT
Supported bands for NB-IoT need to be specified in both BS and UE specifications. The Bands were proposed by operators interested in NB-IoT deployment in [1] and RF requirements should be specified covered at least these bands: 
· Bands 1, 3, 5, 8, 12, 13, 17, 19, 20, 26, 28

· Note if there are other bands not having significant specific issues and there is consensus in RAN4, these could be considered as well
2.4 Transmission bandwidth

Transmission bandwidth configuration for NB-IoT is 180 kHz which is also the bandwidth of a RB. For standalone operation with 200 kHz channel spacing, there is 10 kHz guard band in each side. A new channel bandwidth for NB-IoT carrier can be added as below for standalone operation. 
Table 1 Transmission bandwidth configuration NRB in NB-IoT standalone operation
	Channel bandwidth BWChannel [MHz]
	0.2

	Transmission bandwidth configuration NRB
	1


For in-band operation in LTE carrier, NB-IoT just occupies a RB of the LTE carrier so the transmission bandwidth configuration of the LTE carrier can keep unchanged. 
But for guard band operation in LTE carrier, NB-IoT occupies the guard band and how to define the transmission bandwidth configuration in this kind of operation mode as in Figure 1 need further study. There may be two different options of the transmission configuration definition within one channel bandwidth as:

a) A total transmission bandwidth configuration including both LTE and NB-IoT;

b) Separate transmission bandwidth configuration for LTE and NB-IoT.
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Figure 2 Transmission bandwidth configuration of NB-IoT guard band operation

Because there is only one channel bandwidth for guard band operation so a total transmission bandwidth configuration might be preferred. And in the same way, the occupied bandwidth should also be defined and tested in a mixed carrier rather than separate carriers.

Table 2 Total transmission bandwidth configuration for LTE and NB-IoT
	Channel bandwidth BWChannel [MHz]
	10
	15
	20

	Transmission bandwidth configuration NRB
	50+1
	75+1
	100+1


Proposal 4: A total transmission bandwidth might be preferred for guard band operation. And in the same way, the occupied bandwidth should also be defined and tested in a mixed carrier rather than separate carriers.

2.5 Channel arrangement
Channel bandwidth for standalone operation is 200 kHz and the channel raster could be 100 kHz as LTE. But channel arrangement issue such as channel raster and EARFCN for in-band and guard band operation is not so easy and was initially discussed in our contribution [2]. How to define channels for in-band and guard band operation and whether a unified definition is needed to cover all the operation modes needs further study. 
For uplink, there may be some implementations of narrow RF, for example, only single-tone support. In this case, there also need some index to indicate which sub-carrier the UE is scheduled. This is very similar to Rel-13 MTC which only supports 6RB application. But whether this should be defined in RAN4 or only in RAN1 needs further study.

Proposal 5: How to define channels for in-band and guard band operation and whether a unified definition is needed to cover all the operation modes needs further study. For uplink, whether index to indicate which sub-carrier the UE is scheduled should be defined in RAN4 needs further study.
2.6 Necessity of ACLR and ACS for narrow band system
ACLR (Adjacent channel leakage ratio) parameter is widely used to evaluate co-existence performance between adjacent channels in UMTS and LTE system [4] [5]. Based on the co-existence simulation results, it is also introduced in 25 series and 36 series as an important requirement to limit the emission leakage to adjacent channels together with emission mask requirement. But in GSM specification 45 series, only emission mask is specified. The reason may be that GSM only has 200 kHz channel bandwidth but UMTS and LTE both have wide channel bandwidth which is in the order of MHz. For wide channel bandwidth the integrated leakage over the whole adjacent channel bandwidth without considering any variation could be more efficient to evaluate the impact to the adjacent channels. 
For NB-IoT, the signal bandwidth is comparable to GSM carrier which is 200 kHz for standalone operation. Therefore, there is no need to define ACLR requirement in addition to emission mask requirement.

For the same reason, ACS requirement seems also no need in addition to blocking requirement.

Proposal 6: It is proposed to only define emission mask and blocking requirement for NB-IoT without ACLR and ACS requirement for standalone operation.

3 Conclusion
Based on above discussion, some proposals are proposed as below:
Proposal 1: For Rel-13, it is proposed to only consider single NB-IoT carrier for all the three operation modes. 
Proposal 2: For Rel-13, only wide area BS is proposed to be considered for NB-IoT, other BS classes are left to later releases.
Proposal 3: The feasible channel bandwidth for LTE guard band need further study in BS transmitter and receiver side, considering the UEM requirement and receiver selectivity requirement.
Proposal 4: A total transmission bandwidth might be preferred for guard band operation. And in the same way, the occupied bandwidth should also be defined and tested in a mixed carrier rather than separate carriers.

Proposal 5: How to define channels for in-band and guard band operation and whether a unified definition is needed to cover all the operation modes needs further study. For uplink, whether index to indicate which sub-carrier the UE is scheduled should be defined in RAN4 needs further study.
Proposal 6: It is proposed to only define emission mask and blocking requirement for NB-IoT without ACLR and ACS requirement for standalone operation.
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New Guard band in one side





Channel bandwidth of LTE

















Guard band in one side





 





Total transmission bandwidth configuration of LTE and NB-IoT
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Transmission bandwidth configuration of NB-IoT





Transmission bandwidth configuration of LTE
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OFDMA on the downlink


15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 


For the uplink: 


Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.


Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.


FFS: Additional mechanisms for PAPR reduction.


The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs


An NB-IoT UE only needs to support half duplex operations
























































3GPP


