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1. Introduction
In last RAN4 meeting, RAN4 discussed the overlapping channel bandwidth and agreed to study overlapping CBWs from UE perspective for DL and from network perspective for DL/UL. A way forward was approved in [1].

In this contribution, we discuss the open issues for overlapping channel bandwidths and provide our views.
2. Discussion
Frequency alignment
	Last meeting agreement:

To conclude on the relevance of the channel raster for one or both carrier frequencies, further study is needed on the following points. Companies are encouraged to provide answers to the following questions in RAN4#98-bis-e:

a)
Which legacy UE will have what problem exactly (if any)

-
if an initial BWP of e.g. 25 PRBs at 15 kHz SCS is the only BWP that a UE is commanded to operate in,

-
if this BWP is not centred around a channel raster frequency and

-
if no other BWP is indicated to the UE which, together with the guard bands at the channel edges, forms a base station channel BW that is centred around a channel raster frequency?

b)
Will there be any problem designing a new UE supporting overlapping CBWs from UE perspective so that at least one of the carriers need not be centred around a channel raster frequency? If so, what exactly is the problem?


According to TS 38.101, the global frequency channel raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in signalling to identify the position of RF channels, SS blocks and other elements.

The global frequency raster is defined for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal.

RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range (0…2016666) on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.

FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)

Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster

	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666


The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.

For NR operating bands with 100 kHz channel raster, ΔFRaster = 20 × ΔFGlobal. In this case every 20th NR-ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in Table 5.4.2.3‑1 is given as <20>.
Based on the above description in 38.101-1, it can be seen that the granularity of NR-ARFCN is 5KHz. For NR bands with 100KHz channel raster, every 20th NR-ARFCN are applicable for the channel raster and the step size is 20. Following existing spec, it is possible that network configure a BWP that is not centred on the 100KHz raster for legacy UE. Since BWP can be configured with any RB number and one RB is 180 KHz with 15KHz SCS. 

It is not clear what problem will be if any of the configured BWP (e.g. initial BWP or BWP same as base station channel bandwidth) is not centred on a channel raster frequency. Unless the centre frequency can be signalled by NR-ARFCN to the UE, it is not clear what problem will have. Maybe some feedback from UE/chipset vendors would be helpful to understand the potential impact from UE implementation perspective.

Observation 1: legacy BWP configuration allows configuring a BWP that is not centred on 100KHz channel raster.
For bands above 3GHz, SCS based channel raster is applied, for bands below 3GHz, 100KHz channel raster is applied in order to co-existence with LTE. In our view, if the carrier is not centred around a channel raster, it would have some problem for LTE-NR co-existence scenario. Consider NR only scenario, the existing specs only allow carrier to be placed on channel raster. If this rule is not followed, then existing spec need to be revisited.
Observation 2: If carriers are not centred around a channel raster frequency

· in LTE-NR co-existence scenario, there may be some problem
· in NR only scenario, existing specs only allow carriers centred around channel raster and need to be revisited

SSB transmission for overlapping CBWs
There was some discussion on the SSB consideration for the overlapping CBW in last meeting, e.g. whether single SSB or multiple SSBs can be used for overlapping carriers. 
In our view, both single SSB and multiple SSBs are feasible for the overlapping carriers. If the overlapping part is large enough for one SSB bandwidth (3.6MHz for 15KHz, 7.2MHz for 30KHz), single SSB can be used. The SSBs for different carriers/cells can be differentiated in time domain. As illustrated in Figure 1, one SSB in frequency domain is shared by both carriers in frequency domain. Since in time domain multiple SSBs can be transmitted, different carriers/cells can use different SSB index for transmission.
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Figure 1: single SSB transmission in overlapping carriers
In some case that overlapping part cannot contain the SSB bandwidth, two SSBs can be transmitted. However, if the total bandwidth is small, two SSBs cannot be separated in frequency domain. So differentiation in time domain for the two SSBs is still needed. As illustrated in Figure 2, 7MHz cannot contain two 3.6MHz SSB bandwidths, in order to reduce the overhead in frequency domain, the SSBs can be transmitted in the overlapping part as much as possible, and transmitted separately in time domain with different SSB index.
[image: image2.png]7MHz

ZHING :T Ja1ue)

ZHS :Z81e)

time

frequency

)\ J

1 |

Carrier1 Carrier2




Figure 2: two SSBs transmission in overlapping carriers
Another consideration of using single SSB is to assume that the other carrier does not contain SSB and cannot be self-discoverable. A question was raised that whether it is sufficient to serve all UEs that operate only at one CBW of 5MHz on the same side of the spectrum block (e.g. 5MHz of 7MHz irregular bandwidth). In our view, this can be left to implementation. From specification perspective, both options should be supported (i.e. single SSB or multiple SSBs) to leave the flexibility for deployment. There is no need to restrict that only one carrier can contain SSB for overlapping CBWs. 
Observation 3: Both single SSB and multiple SSBs should be supported for overlapping CBWs.

3. Conclusion
In this contribution, we discuss the use of overlapping UE channel bandwidth and provide our views:
Observation 1: legacy BWP configuration allows configuring a BWP that is not centred on 100KHz channel raster.
Observation 2: If carriers are not centred around a channel raster frequency

· in LTE-NR co-existence scenario, there may be some problem
· in NR only scenario, existing specs only allow carriers centred around channel raster and need to be revisited
Observation 3: Both single SSB and multiple SSBs should be supported for overlapping CBWs.
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