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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document discusses carrier raster on NB-IoT.

Discussion
The discussion history in eMTC
In eMTC, RAN1 sent LS to RAN4 on the following contents in R1-145451.
	In addition, RAN1 would like to ask RAN4 to consider the following in their discussion within the context of narrowband retuning and UE multiplexing:
· how to handle DC subcarrier,
· Tx-Rx carrier center frequency separation within system bandwidth
· channel raster within each link



As the response, RAN4 replied following in R4-152494.
	· How to handle DC subcarrier
RAN4 will assume that one subcarrier is punctured in the demodulation test.
· Tx-Rx carrier center frequency separation
For HD case there is no need to impose restrictions on Tx-Rx separation. Further evaluation is needed for the FDD case.
· Channel raster within each link
RAN4 does not see any need to put constraints on the channel raster.



Above discussion is realized in RAN4#74bis. Contributions related were R4-151649, R4-152009, R4-152235, R4-151539 and so on. These documents discussed tune in step of 1 PRB (180 KHz), DC-free IF implementation and so on.
Similarly, we think DC subcarrier; Tx-Rx carrier handling, channel raster should be discussed in RAN4.

Proposal 1: RF impairment related to DC subcarrier, Tx-Rx carrier handling, channel raster should be consulted to RAN4.

NB-PSS/SSS position

Our view is NB-PSS/SSS needs to be PRB aligned with legacy operation in order not to influence normal LTE deployment. On the other hand, it does not mean all PRB position is the candidate of NB-PSS/SSS. This aspect is discussed further.
Proposal 2: NB-PSS/SSS needs to be PRB aligned but all PRB positions are not necessary to be NB-PSS/SSS candidates.

Too many NB-PSS/SSS frequency position increases the delay of the very initial access before the registration to the network. Therefore, it is desirable to avoid such situation. On the other hand, to have many frequency position doses not increase the delay of the UL exception report latency as UE knows which frequency to be synchronized in the process of the registration to the network. The main power consumption is from such reporting procedure and not very initial access related to the registration (and PLMN selection).
At the time before the registration to the network, UE doesn't know LTE's system bandwidth. The E-UTRA band and possible channel bandwidth is described in table 5.6.1-1 in TS36.101. In [R1-156924], it is pointed out that NB-IoT centre carrier has some offset with 100 kHz raster when the band of NB-IoT is exactly aligned with allocated PRB of legacy LTE. The amount of the offset is different in following cases and UE don't know which case is the operation. So even if NB-IoT location is restricted to only one PRB in the LTE system bandwidth, there are 4 times candidate compared legacy LTE described as table 1.  
Table 1: Cases of the possible locations
	
	LTE system band width
	NB-IoT is operation in the LTE system bandwidth
	Offset from LTE centre ("m" is variable of PRB position)

	Case 1
	even PRBs
	upper frequency of the LTE system band
	180m + 7.5 kHz

	Case 2
	even PRBs
	lower frequency of the LTE system band
	180m - 7.5 kHz

	Case 3
	odd PRBs
	upper frequency of the LTE system band
	180m + 97.5 kHz

	Case 4
	odd PRBs
	lower frequency of the LTE system band
	180m - 97.5 kHz



Using example of band 1, if the number of candidate frequency position is calculated, following result can be obtained. 
Possible candidate of EARFCN (the E-UTRA Absolute Radio Frequency Channel Number: the frequency index position expressed by 100 Hz raster): 600 candidates
Each candidate of EARFCN has 100 + 75 PRB candidate PRB positions. (EARFCN at the edge of the system bandwidth results to exceed the system bandwidth. Therefore, some EARFCN is not realistic but here we calculate it as simple calculation).
Then total is 600x (100+75) = 105000 candidates frequency position only for band 1.
If NB-IoT UE is multi band terminal, above is applied to each bands. Although actual implementation would prioritize to search possible EARFCN positions, in order to judge whether no operation of NB-IoT is deployed or not (as out of the coverage), all possible EARFCN needs to be searched. It may be worth to consider that only one (or a few) fixed PRB location in the system band as primary NB-IoT PRB. Then if NB-PSS/SSS is not detected in these PRBs, UE can judge out of the coverage fast. Note that in case of normal UEs, RSRP based threshold may be applied for the judgement of out of the coverage. On the other hand, such RSRP based threshold judgement is very difficult as 1). RSRP could be high from normal LTE operation 2). Large MCL case means very small RSRP value.
Proposal 3: Consider that only one (or a few) fixed PRB location in the system band as primary NB-IoT PRB.

Tx-Rx separation
As the mechanism for UE to know Tx-Rx separation, basically same mechanism used in LTE can be used. i.e. default separation is defined for each band and it also can be changed by semi-static signalling. The actual default value defined in RAN4 is not necessary to be same as the default value defined in the current band. These aspects can be further discussed in RAN4.

Conclusion
We propose following.
Proposal 1: RF impairment related to DC subcarrier, Tx-Rx carrier handling, channel raster should be consulted to RAN4.
Proposal 2: NB-PSS/SSS needs to be PRB aligned but all PRB positions are not necessary to be NB-PSS/SSS candidates.
Proposal 3: Consider that only one (or a few) fixed PRB location in the system band as primary NB-IoT PRB.
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