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Introduction
In the RAN1 NB-IoT ad-hoc meeting in Sophia Antipolis, the following agreements were made on NB-IoT multi-carrier operation [1].
	Agreements:
· Any combination, i.e., inband+inband, inband+guardband, and guardband+guardband should be allowed for NB-IoT multi-carrier operation with the constraint that both guard-bands and the in-band are associated with the same LTE donor cell, i.e., the total span cannot exceed 110 PRBs from the same FFT
· No support of NB-IoT multi-carrier operation for standalone mode with either guard-band or in-band mode of operation
· Standalone+standalone should be allowed for NB-IoT multi-carrier operation with the constraint that the total frequency span cannot exceed 20MHz and both NB-IoT carriers are synchronized, i.e., the time alignment error shall not exceed the minimum requirement for intra-band contiguous carrier aggregation in TS 36.104
· Send an LS to RAN4 to ask if they have any concerns with this
· On PRBs different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions, the NB-IoT UE does not rate match around NB-PBCH and NB-PSS/SSS, i.e., the mapping of NB-PDCCH/PDSCH symbols to REs occurs without consideration of NB-PSS/SSS/PBCH


In this contribution, we share our considerations and clarifications on non-anchor PRBs for NB-IoT multi-carrier operation.

Non-anchor PRB determination
Non-anchor PRBs for in-band operation
In the RAN1 NB-IoT ad hoc meeting in Budapest, it was agreed that one transmission of NB-PSS, NB-SSS, NB-PBCH, and NB-PDSCH never overlaps between multiple LTE PRB bandwidths for in-band operation [2]. In other words, the NB-IoT PRB is aligned with legacy LTE PRB mapping for in-band operation. Therefore, in principle, all legacy LTE PRBs can be utilized as candidate non-anchor PRBs for in-band operation. 
Proposal 1:
· For in-band operation, all LTE PRBs can be utilized as candidate non-anchor PRBs.
Anchor/Non-anchor PRBs for guard-band operation
In the RAN1#84 meeting, it was agreed that the center frequency of a candidate anchor PRB is at most 7.5 kHz offset from the 100 kHz channel raster for guard-band operation [3]. This means that we can consider the following two options to determine the NB-IoT PRB candidates:
Option 1: a UE assumes NB-IoT PRB position in LTE guard-band is aligned with continuously extended PRB position from LTE PRB
Option 2: a UE assumes arbitrary NB-IoT PRB center frequency satisfying at most 7.5 kHz frequency offset from the 100 kHz channel raster. 
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	Figure 1. NB-IoT PRB position in LTE guard-band



Figure 1 shows each option in 15 MHz LTE system bandwidth case. In this figure, actually the candidates of NB-IoT PRBs are overlapped in option 2, so all the candidates are not represented for easy view ability in option 2. Option 1 is NB-IoT PRB positions are aligned with LTE PRB grid. Therefore, from network perspective, eNB can easily operate total bandwidth as simply extended PRBs to 110 PRBs in 20 MHz LTE case for example. Moreover, there is no gap between LTE PRB and NB-IoT PRB. 
Table. 1 shows the actual candidates of center frequency of NB-IoT carrier as the difference between LTE center frequency and NB-IoT center frequency in option 1 and option 2 [4]. For anchor PRBs, because of the limitation of at most 7.5 kHz offset from channel raster, the candidates of NB-IoT anchor PRBs in guard-band are limited for option 1, and even no anchor PRB can be found in 5 MHz case. On the other hand, in option 2, assuming that 15 kHz subcarrier spacing is kept, but NB-IoT carrier is not aligned with extended PRB grid from LTE PRBs. There is some gap less than LTE PRB bandwidth between NB-IoT PRB and LTE PRB. Because all the NB-IoT PRBs in option 2 meets the limitation of at most 7.5 kHz offset from channel raster, all these PRBs can be used as candidates of anchor PRBs. So option 2 has more anchor PRB candidates. If the guard-band can be used for NB-IoT transmission, it will be better to deploy the anchor PRBs in the guard-bands and non-anchor PRBs in in-band (if need) because the impact on legacy LTE will be less comparing to anchor PRBs in in-band (without NB-PSS/SSS/PBCH on non-anchor PRBs). In our views, RAN1 should clarify which solution is assumed and we prefer option 2
Table 1. Possible center frequencies for NB-IoT PRBs in guard-band operation mode
	LTE system bandwidth 
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Option 1
	None
	±
4597.5
	±
7207.5
	±
9097.5

	Option 2
	±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



Proposal 2:
· RAN1 should clarify whether the anchor PRB configuration is assumed as option 1 or option 2
· We slightly prefer option 2.
For non-anchor PRBs, there is not the limitation of at most 7.5 kHz offset from channel raster, so all the NB-IoT PRBs in option 1 can be used as non-anchor PRBs. And it is not reasonable to constrain non-anchor PRBs with the same limitation of at most 7.5 kHz offset from channel raster as anchor PRBs for option 2. In addition, for option 2, there are only 3 non-overlapping PRBs can be used as candidate non-anchor PRBs in each guard-band for the system bandwidth of 15MHz which are less than 4 candidate non-anchor PRBs of option 1. So we prefer option 1 for non-anchor PRBs.  
Proposal 3:
· Adopt option 1 to determine non-anchor PRBs for guard-band operation.
Non-anchor PRBs for stand-alone operation
In the RAN1 NB-IoT ad hoc meeting in Budapest, it was agreed that the center frequency of a candidate anchor PRB is aligned to the 100 kHz channel raster for stand-alone operation, i.e., the raster offset is 0. And in the RAN1 NB-IoT ad hoc meeting in Sophia Antipolis, it was agreed that standalone+standalone should be allowed for NB-IoT multi-carrier operation with the constraint that the total frequency span cannot exceed 20MHz and both NB-IoT carriers are synchronized. In order to improve the frequency efficiency, the available non-anchor PRBs should be continuously distributed on both sides of the anchor PRB and the maximum bandwidth is 20MHz.
Proposal 4:
· The available non-anchor PRBs should be continuously distributed on both sides of the anchor PRB and the maximum bandwidth is 20MHz.

Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· For in-band operation, all legacy LTE PRBs can be regarded as candidate non-anchor PRBs.
Proposal 2:
· RAN1 should clarify whether the anchor PRB configuration is assumed as option 1 or option 2
· We prefer option 2.
Proposal 3:
· Adopt option 1 to determine non-anchor PRBs for guard-band operation.
Proposal 4:
· The available non-anchor PRBs should be continuously distributed on both sides of the anchor PRB and the maximum bandwidth is 20MHz.
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