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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1 NB-IoT Adhoc, agreements were made upon channel raster design for NB-IoT:
· 100kHz channel raster is assumed by UEs in all three operation modes (i.e. standalone, guard-band and in-band)
· The NB-IoT NB-PSS/NB-SSS center frequency is aligned to 100kHz channel raster in standalone mode
In this contribution, the placement of NB-IoT carrier in in-band and guard-band operation modes is discussed and solutions are provided. 
Frequency of DL transmission
100 kHz channel raster is assumed by UEs in NB-IoT, which means that the NB-IoT UE searches the NB-IoT carrier on the frequency domain places satisfying the channel raster. At the network side, the placement of the NB-IoT carrier in in-band and guard-band operation mode is constrained by the incumbent structure of the LTE system. Specifically all downlink transmissions should never cross PRBs in in-band operation mode system and should be aligned with 15 kHz subcarrier grid to maintain the orthogonality with LTE subcarriers in both guard-band and in-band operation modes. 
Due to these constraints, there would be misalignment between the NB-IoT carrier center frequency and 100 kHz channel raster as shown by our previous contribution [1]. This misalignment may introduce additional frequency offset to initial synchronization procedure in in-band and guard-band operation modes. The larger the extra initial frequency offset is, the longer network synchronization time is expected. In extreme case, the network synchronization may collapse if the initial frequency offset is too large. As shown in our companion paper [2], the misalignment problem cannot be solved by shifting the NB-PSS inside one PRB. Therefore, in order to minimize the initial frequency offset, it would be better to restrict the NB-IoT DL placement in the frequency domain
Table 1 shows the LTE PRB indices corresponding to the minimum frequency offset from the closest 100 kHz channel raster (i.e. 2.5 kHz for LTE with 10 MHz or 20 MHz system bandwidth, 7.5 kHz for LTE with 3 MHz, 5 MHz or 15MHz system bandwidth) in in-band operation mode. Constraining the NB-PSS/NB-SSS inside these PRBs can strike a good balance between network synchronization performance and NB-IoT configuration flexibility.
[bookmark: _Ref433727043]Table 1. LTE PRB indices (starting from 0) corresponding to the minimum frequency offset in in-band operation mode
	LTE system bandwidth 
	3MHz 
	5MHz 
	10MHz 
	15MHz 
	20MHz 

	PRB indices with 2.5kHz offset
	/
	/
	4, 9, 14, 19,
30, 35, 40, 45
	/
	4, 9, 14, 19, 24, 29, 34, 39, 44, 55, 60, 65, 70, 75, 80, 85, 90, 95

	PRB indices with 7.5 kHz offset
	2, 12
	2, 7, 17, 22
	/
	2, 7, 12, 17, 22, 27, 32, 42, 47, 52, 57, 62, 67, 72
	/



Proposal 1: NB-IoT NB-PSS/NB-SSS are transmitted in one of the LTE PRBs indexed by Table 1 in in-band operation mode. 
The same principle (i.e. minimizing the initial frequency offset) is applied to the guard-band operation mode also. The possible NB-IoT DL carrier center frequencies that are closest to 100 kHz channel raster and with edge-to-edge distance of an integer multiple of 15 kHz are shown in Table 2.
[bookmark: _Ref433893025]Table 2. NB-IoT possible DL carrier center frequencies in guard-band operation mode
	LTE system bandwidth 
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	NB-IoT carrier center frequency closest to  100kHz channel raster (kHz from LTE center)
	±2392.5
	±
4597.5/4702.5
/4807.5/4897.5
	±
6892.5/6997.5/7102.5/7207.5/7297.5/7402.5
	±
9097.5/9202.5/9307.5/9397.5/9502.5/9607.5/9697.5/9802.5/9907.5



Considering the co-existence with other systems or adjacent LTE carrier, it may not be desirable to place the NB-IoT carrier close to the edge of the LTE system bandwidth in guard-band operation mode.
Proposal 2: NB-IoT NB-PSS/NB-SSS are transmitted symmetrically around one of the offsets shown in Table 2 from the LTE center frequency in guard-band operation mode. The placement of NB-IoT carrier in the guard band of LTE should not cause co-existence problem.
Frequency of UL transmission
As analyzed by our previous contribution [1], the same DL/UL frequency separation as LTE cannot be maintained by NB-IoT FDD in in-band operation mode due to the unused DC subcarrier in LTE DL and 
7.5  kHz frequency shift in LTE UL. A ±7.5 kHz frequency offset exists for NB-IoT DL/UL separation compared to LTE DL/UL separation assuming the same indexed LTE DL and UL PRBs are allocated respectively for NB-IoT DL and UL. The UL center frequency in in-band operation mode can be determined also by new default separations on each operating band taking the ±7.5 kHz frequency offset into account. The binary indication of the positive or negative frequency offset is needed.  Alternatively, the UL center frequency could be indicated by downlink. This does not require the same PRBs for DL and UL so providing larger configuration flexibility for NB-IoT UL carrier. The UL frequency in guard-band operation mode could follow the similar way as in in-band operation mode.
Proposal 3: NB-IoT UL carrier center frequency for FDD in in-band and guard-band operation mode is determined in either way or a hybrid way of:
a) New default DL/UL frequency separation defined for each operating band; or
b) DL configuration.
[bookmark: _Ref129681832]Conclusions
In this contribution, the DL/UL carrier frequency determination for NB-IoT were discussed and the following proposals were made.
Proposal 1: NB-IoT NB-PSS/NB-SSS are transmitted in one of the LTE PRBs indexed by Table 1 in in-band operation mode. 
Proposal 2: NB-IoT NB-PSS/NB-SSS are transmitted symmetrically around one of the offsets shown in Table 2 from the LTE center frequency in guard-band operation mode. The placement of NB-IoT carrier in the guard band of LTE should not cause co-existence problem.
Proposal 3: NB-IoT UL carrier center frequency for FDD in in-band and guard-band operation mode is determined in either way or a hybrid way of:
a) New default DL/UL frequency separation defined for each operating band; or
b) DL configuration.
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