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1 Introduction

In this contribution, we summarize the email discussion on channel raster. 

2 Discussions
The discussion points are as follows:

· Should the 100 kHz channel raster of LTE be reused in all three operation modes (in-band, guard-band and stand alone) of NB-IoT?

[HW]: Yes. 100 kHz channel raster is applied to all three operation modes. 
In my view, it would be unhelpful to send a similar LS as eMTC to RAN4 in the beginning of the Adhoc meeting. The points raised by the eMTC LS highly depend on the RAN1 design choice, e.g. the reuse of LTE 100 kHz channel raster may depend on the RAN1 NB-PSS/SSS design and the retuning may be only needed when frequency hopping is supported by RAN1. It will confuse RAN 4 colleagues if we send an LS without any RAN1 progress on these issues. The network synchronization time, which is a part of the total UL exception report latency, is clearly defined by TR 45.820 as “Network synchronization is evaluated with one (equivalent of) BCCH carrier for initial cell search and cell re-confirmation”. It means that only one NB-IoT carrier is considered for the latency evaluation.
We would like also to remind companies about the CFO issue. As we showed in R1-156924, there is always a misalignment between the center frequency of an LTE PRB and its closest channel raster: minimum 2.5 kHz for even LTE system BW and 7.5 kHz for odd LTE system BW, when the 100 kHz channel raster is reused by UEs and PRB alignment is maintained for all NB-IoT channels/signals in in-band and guard-band operation modes. The UE then has to use the estimated CFO (sum of CFO due to LO and CFO due to channel raster) to compensate the sampling frequency offset (SFO) for receiver operations, and so the SFO will be inevitably over-compensated. Non-ideal SFO estimation may significantly degrade NB-PBCH decoding performance. So in our simulations we are assuming that the SFO is eliminated in the channel raster and synchronization design, and we hope this can be a common assumption among companies
[Ericsson] 100 kHz channel raster reused for all three operation modes. To be more exact, this means that a UE is only required to search for a NB-IoT carrier on 100 kHz grids. For inband and guardband operations, NB-IoT carrier might be placed slightly off grid (e.g. with a 2.5 kHz or 7.5 kHz offset from the nearest 100 kHz grid point). We need to ensure that (1) the UE searching on the 100 kHz grids is able to complete initial cell search within the targeted synchronization time at the targeted MCL level. (2) the additional offset (e.g. 2.5 kHz or 7.5 kHz) will be resolved at a certain stage so that the UE can adjust its oscillator frequency correctly.
[Panasonic]: For eMTC, RAN1 receives attached LS from RAN4. Therefore, I expect similar can be valid also for NB-IoT and any 1 PRB alignment is possible in NB-IoT for generic case (= other than very initial access of the frequency position of NB-PSS/SSS). I think it would be worth to ask RAN4 whether the agreement in eMTC can be valid or not for NB-IoT instead of to have the discussion in RAN1 on channel raster. 
For the very initial access of NB-PSS/SSS detection, to limit NB-PSS/SSS frequency location would reduce the time to require initial frequency acquisition time. On the other hand, my view is such restricted frequency position may be band specific except RAN1 identifies that certain frequency position is difficult to deploy (for example, if NB-PSS/SSS and LTE PSS/SSS are same subframe, the frequency used for LTE PSS/SSS cannot be used). Isn't it possible that RAN1 continue the discussion to assume any PRB alignment is possible for NB-PSS/SSS also? If certain frequency position is identified as difficult through the design of the system, RAN1 further restrict certain frequency locations in the system bandwidth for inband. 
For guard band, I certainly agree one of the required operation is NB-IoT is deployed just next to LTE "transmission bandwidth configuration" (according to figure 5.6-1 of TS36.101 section 5.6). There can be other guard band operation like in the middle of CA as the channel raster perspective but it may not influence RAN1 discussion. Then how about following? For guard band deployment, RAN1 assume NB-IoT supports the just next to transmission bandwidth. Similar to inband deployment, the feasibility is asked to RAN4. The channel raster/frequency position of the other guard band deployment is up to RAN4 discussion. For standalone, it may be sufficient to stick to 100 Hz raster but I think it can be discussed in RAN4 as band specific requirement may be known better in RAN4. If above direction is acceptable, to prepare some LS to RAN4 would be useful in order to allow RAN1 send the LS to RAN4 in the beginning of the week of the ad-hoc. Related to all deployments among inband/guard-band/standalone, which frequency, deployment and which PLMN are selected is related discussion. For LTE case, as described in TS36.304 section 5.1.2.2, PLMN selection is applied including -110 dBm RSRP value. These area may be something further modified but I expect this part can be discussed in RAN2 (with RAN4). I assume no LS exchange is required on what is RAN1 area and what is the other working group related to PLMN selection but if people see the need, LS can be also sent to RAN2.
I agree the agreement in eMTC cannot be fully valid. On the other hand, I thought following point is still valid. After the detection of the PSS/SSS position, with frequency retuning, the frequency position can be aligned with PRB boundary (not restricted to 100 Hz raster). Yes, I agree the centre of the LTE system bandwidth would not be used if NB-PSS/SSS is collided with LTE PSS/SSS. Therefore, this should be the restriction on PRB location. But is there additional restriction identified for now? Or the other part of the system design cannot be progressed without the agreement on the restricted frequency position? On the relation to exception report latency evaluation of 10 seconds, my understanding is this 10 seconds requirement is after UE has PLMN selection and attach procedure. Therefore, UE knows the frequency to be synchronized. The delay reduction of restricting NB-PSS/SSS frequency position depends only very initial deployment of this NB-IoT UE. Therefore, latency of 10 seconds are not related.
[Sony]: My understanding is that a half-duplex NB-IoT system could (within reason) have the UL in an arbitrary position relative to the DL, provided that the location of the UL (e.g. DL-UL separation) is signalled somewhere (e.g. NB-MIB, NB-SIB). Do companies expect a fixed DL-UL separation, or do they expect this to be signalled in some form of system information? Our general assumption is that for Rel-13, NB-IoT carriers would occupy a 100kHz raster. In Release-14, there might be secondary NB-IoT carriers that could occupy locations not on this raster, but this issue is out of scope of Rel-13
· In-band case, if 100 kHz channel raster does not hit the center frequency of a PRB, can the PSS/SSS span across two contiguous PRBs? 

[HW]: NB-PSS/SSS do not span across PRBs. 

[Ericsson] NB-PSS/SSS do not span across two contiguous PRBs.
· In guard-band case, to ensure the DL subcarriers of LTE and NB-IoT are orthogonal, the center frequency of DL carrier of NB-IoT would not hit the 100 kHz channel raster. How to deal with the frequency offset between NB-IoT center frequency and the 100 kHz channel raster and what is the impact to NB-PSS/SSS design and evaluation?

[HW]: In certain guard-band deployments, frequency gap is inserted between NB-IoT edge and LTE edge to minimize the extra initial frequency offset. NB-PSS/SSS take care of the extra initial frequency offset, i.e., NB-PSS/SSS should be able to counter larger than 18ppm initial frequency offset. 

[Ericsson] For the guardband case, it is possible to minimize the offset between NB-IoT center and the nearest 100 kHz grid point. According to our analysis, the offset can be as small as 2.5 kHz or 7.5 kHz.
· If the channel raster is not 100 kHz, what are suggested values?
[HW]: Reuse LTE 100 kHz channel raster.
· What’s the DL/UL frequency separation for FDD in all three operation modes (in-band, guard-band and stand-alone) of NB-IoT?

[ZTE]: The frequency offset between DL and UL NB-IoT is a separate issue. In our view, such offset is semi-statically configured, and its details, e.g., frequency granularity, should be up to RAN2 to decide.
Question for clarification

[Nokia]: I have one clarification question regarding the offsets, the minimum offsets are indeed 2.5 and 7.5 kHz, but if we consider any PRB as a valid sync PRB then the offset may have a  maximum of 47.5 kHz. So when discussing about the 2.5 and 7.5 kHz, I presume we will restrict the sync transmission only to these PRBs which have the minimum offset (like for example in R1-156924 it is show that in 10 MHz there are 8 such PRBs). In other words we would define a set of PRBs where sync can be transmitted and hence not any PRB is a valid sync PRB. I just wonder if 7.5 kHz is the maximum considered offset or if there is any concern related to the selected amount of PRBs available for sync?
3 Summary
Discussion points have been narrowed down to the following:
Whether 100 kHz channel raster should exactly hit the center frequency of NB-PSS/SSS. 

Option 1: strictly follow 100 kHz raster, NB-PSS/SSS may not be aligned with PRB boundary of LTE 


Pros: no extra frequency offset due to the mismatch between the raster and the PRB center, thus better performance of cell searching 
Cons: NB-PSS/SSS may overflow to the neighboring PRB. Slight performance impact on neighboring PRB of LTE. Retuning is needed if NB-PDCCH and NB-PDSCH are aligned with PRB boundary of LTE 

Option 2: allow 2.5 kHz or 7.5 kHz frequency offsets. NB-PSS/SSS aligned with PRB boundary of LTE  
Pros: NB-PSS/SSS restricted to one PRB
Cons: extra frequency offset up to 7.5 kHz, which may impact the performance of cell searching 


Companies are encouraged to evaluate the performance of NB-PSS/SSS when extra frequency offset in Option 2. 

Option 1 and Option 2 would result in different number of candidate PRBs for NB-IoT in inband case, and this should be considered when making the choice.
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