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Introduction
In this contribution, we discuss accommodation of different CP length and different subcarrier spacing in a case of in-band operation. 
Discussion
Accommodation of different CP length NB-IoT
In the last meeting, quite a few companies support 15 kHz subcarrier spacing in in-band operation. However, even if the same subcarrier spacing is assumed, we didn’t discussed assumption of different CP length because coverage requirements are different between LTE and NB-IoT. 
As one typical case, if NB-IOT uses extended CP and LTE uses normal CP, available REs are limited due to interference between different CP’s signals. MBSFN subframe can be configured in subframe 1, 2, 3, 6, 7, 8 in FDD, 3, 4, 7, 8, 9 in TDD. It is one option to limit different CP in MBSFN subframes. However, as mentioned in the online discussion in the last meeting, MBSFN subframes may not be used for NB-IoT. Figure 1 shows three examples of accommodation of different CP length between LTE and NB-IoT, and we assume normal CP and extended CP are assumed for LTE and NB-IoT, respectively.

	


	Figure 1. Examples of accommodation of different CP length (normal CP: LTE, extended CP: NB-IoT)



In (a), LTE extended CP RE’s positions and normal CP’s CRS REs are kept. This causes severe interference in NB-IoT UE and legacy LTE UE each other and CRS based channel estimation in legacy LTE UEs. 
In (b), LTE extended CP RE’s positions are kept and all extended CP causing interference to normal CP’s CRS are not used. This can avoid interference to normal CP’s CRSs for legacy LTE UEs but there are not so enough REs for NB-IoT UEs.
In (c), a position of extended CP RE is adjusted to mitigate interference each other. As shown in figure below, normal CP’s symbol #2, #5, #8, #9, and #12 are strongly affected by extended CP’s signals. Those normal CP REs are better to be punctured by scheduling. If so, normal CP RE’s except for un-punctured CRSs does not affect extended CP’s REs. Our consideration on each mapping scheme is summarized in Table 1.

	Table 1. Consideration of each mapping scheme (normal CP: LTE, extended CP: NB-IoT)

		
	The number of RE’s for NB-IOT
	Complexity for NB-IoT
	Interference to CRS
	Impact to LTE PRBs

	(a) uncoordinated
	Good
	Marginal
	Bad
	All OFDM symbols are affected in neighbour PRBs

	(b) Not mapped on REs of OFDM symbol with CRS
	Bad
	Marginal
	Good
	8 OFDM symbols are affected in neighbour PRBs

	(c) symbol boundary alignment
	Marginal
	High (multi-position of REs)
	Good
	5 OFDM symbols are affected in neighbour PRBs






Here, from NB-IoT UE point of view, if we consider using a mapping like (b) or (c) for in-band operation, there would be a need to support extended CP with two different behaviours between in-band and guard/stand-alone operations. The UE needs to adjust resource element position for extended CP case by case. Therefore, we need to evaluate validity of scenarios and complexity to support such scenarios. 

Observation 1:  	Accommodation of different CP between LTE and NB-IoT has the same issue as different subcarrier spacing.

Observation 2:  	Dependent on the CP length of LTE, UE behaviour may be different.

Accommodation of different subcarrier spacing NB-IoT
If NB-IoT uses 3.75 kHz subcarrier spacing and LTE uses 15 kHz subcarrier spacing, similar problem to above can occur. Figure 2 shows two examples of accommodation of different subcarrier spacing between LTE and NB-IoT

	


	Figure 2. Examples of accommodation of different CP length (15 kHz: LTE, 3.75 kHz: NB-IoT)



In (a), NB-IOT 3.75 kHz RE’s and normal CP’s CRS REs are fully overlapped. This of course causes severe interference in NB-IoT UE and legacy LTE UE each other and CRS based channel estimation in legacy LTE UEs. 
In (b), subcarriers which include CRS are not used for NB-IoT and some protection signals for NB-IoT are added. Also, 3.75 kHz subcarriers next to 15 kHz subcarriers are punctured. This may still cause some interference to LTE CRS REs and need to be evaluated further. For protecting 3.75 kHz subcarriers, eNB can apply some scheduling solution (e.g., not to schedule neighbour resource blocks to NB-IoT resource blocks). 
Figure 3 shows the power spectrum density of NB-IoT signal in case (b) where the number of punctured subcarriers is 0, 1, and 2 NB-IoT subcarrier next to CRS subcarrier. In this evaluation, we evaluate that LTE UEs apply FFT window to OFDM symbols with normal CP, and power spectrum of NB-IoT signal in this case. Moreover, NB-IoT band is applied to a PRB with its index = 9 in LTE system.

	[image: ]

	Figure 3. Power spectrum of NB-IoT signal (normal CP: LTE, extended CP: NB-IoT)



As shown in this figure, even if two NB-IoT subcarriers next to LTE CRS, the non-orthogonal interference by different subcarrier spacing is not negligible.
Our consideration on each mapping scheme is summarized in Table 2.


	Table 2. Consideration of each mapping scheme (normal CP: 15 kHz, extended CP: 3.75 kHz)

		
	The number of RE’s for NB-IOT
	Complexity for NB-IoT
	Interference to CRS
	Impact to legacy PRBs

	(a) uncoordinated
	48/48 subcarriers
	Marginal
	Bad
	All OFDM symbols are affected in neighbour PRBs

	(b) puncture
	32/48 or 24/48 subcarriers
	Slightly High
	Bad
	Marginal






Here, from NB-IoT UE point of view, unlike different CP case above, it may be possible to have a single behaviour with some small difference. However, considering interference handling in eNB side , we still need to evaluate validity of scenarios and complexity to support such scenarios.

Observation 3:  	There is large impact on accuracy of CRS based channel estimation in different subcarrier spacing

Conclusion 
In this contribution, we describe a general structure in a case of in-band operation. We have the following proposals: 

Observation 1:  	Accommodation of different CP between LTE and NB-IoT has the same issue as different subcarrier spacing.

Observation 2:  	UE behaviour may be different dependent on the CP length of LTE.

Observation 3:  	There is large impact on accuracy of CRS based channel estimation in different subcarrier spacing
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