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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4 #84 meeting in Berlin, WF on Channel Raster for NR [1] is agreed. We have discussed our proposed channel/sync raster in [5], however, further clarification on the definition of channel and sync raster as well as the BWP reference point is required. In this paper, we discuss what is to be further clarified.

2	Discussion
So far in RAN4, sync raster and channel raster have been discussed but the definition of raster has not been clarified yet for the NR. In LTE, the channel raster is 100kHz, which defines the centre of the channel bandwidth at an integer multiple of 100kHz (defined as EARFCN). This is also used as the carrier frequency for modulation and up-conversion of the waveform. In case of downlink, the position of PBCH is predefined at the channel raster frequency.
Thus, the channel raster can be most intuitively defined as the centre frequency of the channel and is mapped by the centre subcarrier of all PRBs. Since the DC subcarrier is modulated in the NR (unlike LTE), the reference subcarrier for channel raster is (12*NRB/6) th subcarrier of all PRBs.
1) Channel raster defines the centre of the transmission bandwidth, i.e, (12*NRB/6)th subcarrier of all PRBs.
The above paragraph is applicable to the single numerology case, but for multiple numerology scenario, this definition may not be further clarified.
In case of the NR, SSB may not always be at the centre of the channel bandwidth, so it has not been clear enough what it means by sync raster, if it is based on the centre subcarrier of SSB, or another reference frequency such as the first subcarrier of SSB (SC#0). At least two possibilities exist in the following.
1) Sync raster defines the centre of SSB, i.e., the 144th subcarrier of SSB (SC#144).
2) Sync raster defines the first subcarrier of SSB (SC#0)
The intention to agree 100kHz channel raster for the LTE refarming bands is to use the same raster as LTE, so the option 1 is more suited to that decision especially considering the NR/LTE coexistence scenario, because it is more intuitive to use the same raster definition as LTE. For case of 30kHz SCS with 10MHz minimum channel bandwidth, there is only one raster position for SSB symmetrically placed in the channel bandwidth, i.e., 144th SSB subcarrier should be at the LTE channel raster. (as discussed in our separate paper [5])
If we use option 2, sync raster entry is 144 subcarriers away from LTE channel raster in case of NR-LTE coexistence scenario.
For new NR bands (without LTE coexistence), there is no raster commonly used with LTE, thus either option can be adopted, although mixing two options may complicate the specifications.


Figure 1: Relationship of channel raster, sync raster and reference point for UE bandwidth part (BWP).

Observation 1: For the LTE refarming bands, option 1 is more intuitive to use the same raster definition for NR sync raster and LTE channel raster.
Observation 2: For the bands with subcarrier based raster, either option can be adopted.

NR UE does not necessary know the BS channel bandwidth and its carrier frequency since the UE channel bandwidth is not the same as BS. The only reference UE knows is the SSB broadcasted by the BS. Therefore, UE transmit/receive bandwidth is based on the configuration by the network, where the reference point relative to SSB or otherwise an absolute frequency may be signalled. What frequency is used for the reference point of UE channel bandwidth is not clear yet and RAN1/RAN2 decision may be needed. One possible option is that an offset between SSB and UE receive bandwidth part (i.e., BWP) is informed for downlink. Then the duplex distance to UL BWP is indicated to UE for the uplink. When this is signalled, it could be base on the offset position of PRB0/SC#0 (See Figure 1) or based on the offset from SSB centre to UE channel bandwidth centre position. In this case of using relative offset from SSB, the channel raster itself may not be explicitly signalled to UE. Especially for the case of 100kHz channel raster, the UE centre frequency may not be aligned with the raster if the UE bandwidth is not the same as BS channel bandwidth. On the other hand, for the subcarrier based channel raster, the centre of UE channel bandwidth is aligned with the channel raster.
Observation 3: UE does not need to know the BS channel bandwidth and its centre frequency (raster point) as UE channel bandwidth is not necessary the same as BS channel bandwidth.
Observation 4: For 100kHz channel raster, the centre of UE channel bandwidth is not necessarily aligned with the channel raster if the UE bandwidth is not the same as BS channel bandwidth.
Observation 5: For 100kHz channel raster, UE frequency reference (centre frequency or edge frequency) is likely defined relative to SSB raster frequency. The absolute frequency may not be indexed.
Observation 6: For subcarrier based channel raster, the centre of UE channel bandwidth is aligned with the channel raster.
Observation 7: For subcarrier based channel raster, UE frequency reference (centre frequency or edge frequency) can be defined relative to SSB raster frequency but it can be also defined using the subcarrier based raster with an absolute frequency numbering.

We do not know yet if the channel raster defined above is explicitly used in the signalling. As we also discussed above, the definition must work for multiple numerology cases. Since we know the subcarrier alignment of multiple numerology at SC#0, it can be more beneficial to use SC#0 as a reference to indicate the channel or PRB allocation. However, the above definition could be either SC#0 or SC#6 depending on the number of PRBs (even or odd). The frequency reference points for channel (or PRB) allocation shall be clarified before preparing the draft TS.
Thus, it is FFS if we include the channel raster in RAN4 draft spec at this moment. It is important to figure out what frequency reference is signalled (like EARFCN) before defining channel raster in the draft spec.
On the other hand, Sync raster shall be defined based on either option 1 or option 2
Observation 8: It is FFS if we include the channel raster explicitly in RAN4 draft spec now pending RAN1/2 confirmation including multiple numerology use cases.
Observation 9: Sync raster shall be defined based on either option 1 or option 2.

3	Conclusion
In this paper, we discussed the open issues on the frequency references for sync, channel and BWP.

Observation 1: For the LTE refarming bands, option 1 is more intuitive to use the same raster definition for NR sync raster and LTE channel raster.
Observation 2: For the bands with subcarrier based raster, either option can work.
Observation 3: UE does not need to know the BS channel bandwidth and its centre frequency (raster point) as UE channel bandwidth is not necessary the same as BS channel bandwidth.
Observation 4: For 100kHz channel raster, the centre of UE channel bandwidth is not necessarily aligned with the channel raster if the UE bandwidth is not the same as BS channel bandwidth.
Observation 5: For 100kHz channel raster, UE frequency reference (centre frequency or edge frequency) is likely defined relative to SSB raster frequency. The absolute frequency may not be indexed.
Observation 6: For subcarrier based channel raster, the centre of UE channel bandwidth is aligned with the channel raster.
Observation 7: For subcarrier based channel raster, UE frequency reference (centre frequency or edge frequency) can be defined relative to SSB raster frequency but it can be also defined using the subcarrier based raster with an absolute frequency numbering.
Observation 8: It is FFS if we include the channel raster explicitly in RAN4 draft spec now pending RAN1/2 confirmation, including multiple numerology use cases.
Observation 9: Sync raster shall be defined based on either option 1 or option 2.
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