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WF on overlapping channel bandwidth method

Nokia, Nokia Shanghai Bell

Background

During RAN4#98-e, the following documents on overlapping channel bandwidth have been submitted:
[1]	R4-2100522, Non-standard spectrum allocations for NR bands, Apple Inc.
[2]	R4-2101507, Consideration for overlapping UE channel bandwidths, Huawei, HiSilicon
[3]	R4-2100805, Discussion on overlapping UE channel bandwidths, CMCC
[4]	R4-2101557, Overlapping Channel Bandwidth Approach from UE Perspective, Ericsson
[5]	R4-2102288, Network and UE options for the support of irregular channel bandwidth, Skyworks Solutions Inc.
[6]	R4-2102558, On the use of overlapping channel bandwidths from UE perspective, Nokia, Nokia Shanghai Bell
[7]	R4-2101459, On the use of overlapping channel bandwidths from UE perspective, Qualcomm Incorporated
[8]	R4-2101558, Overlapping Channel Bandwidth Approach from BS Perspective, Ericsson

Terminology (1/3)

Irregular BW
refers to a BW that is not an existing NR channel bandwidth (CBW) in Rel-17.

Existing Immediately lower channel BW = SmallerCHBW
existing NR channel bandwidth in Rel-17 that is closest to the irregular bandwidth but smaller

Overlapping UE channel bandwidths from network perspective or short
Overlapping CBWs from network perspective
refers to the case that
· the network supports the irregular BW (either by a single carrier or by two overlapping carriers),
· each UE operates in a SmallerCHBW, but
· due to different positions of the UE CBWs, the network's irregular BW is used.

Example only (DL frequencies, feasibility TBD):




Terminology (2/3)

Overlapping UE channel bandwidths from UE perspective or short
Overlapping CBWs from UE perspective
refers to the case that
· the network supports the irregular BW (either by a single carrier or by two overlapping carriers)
· some new UEs support two overlapping (RF) carriers and
· by a CA of two overlapping component carriers [2] or by the combination of two RF carriers [6], a UE supporting overlapping CBWs from UE perspective can use the entire irregular BW and thus increase its peak throughput.

Example only (DL frequencies, feasibility TBD):




Terminology (3/3)

Overlapping CA [2] means that the irregular BW is covered by two overlapping component carriers (CCs) with existing NR CBW each. One of them (PCell) or both CCs contain an SSB. The network prevents collisions between the CCs.

Single BB carrier means that from baseband (RAN1) perspective, there is a single cell with a waveform according to a single carrier [6]. 

Way forward on scenarios for overlapping CBWs from UE and network perspective 

1. Should overlapping CBWs from UE perspective be studied for UL and DL?
Option 1: Yes, as an optional feature in the DL and in the UL
Option 2: Yes, but only as an optional feature and only in the DL
Agreement: Option 2

2. Should overlapping CBWs from network perspective be studied for UL and DL?
Option 1: Yes, as an optional gNB feature in the DL and in the UL
Option 2: Yes, but only as an optional gNB feature and only in the DL
Agreement: Option 1

3. How should overlapping CBWs be studied for spectrum blocks narrower than 10 MHz?
Option 1: It is sufficient to serve all UEs that operate only at one CBW of 5 MHz on the same side of the spectrum block.
Option 2: It shall be possible to serve UEs that operate only at one CBW of 5 MHz on both sides of the spectrum block – even if this requires the overhead for a second initial BWP (which, moreover, overlaps in frequency with the first initial BWP).
Agreement: FFS. Companies are encouraged to investigate further SSB alignment within irregular BW in RAN4#98-bis-e. 
For further study

Frequency alignment

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?
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Resolution of the Excel raster: 15 kHz according to the assumed SCS (you may zoom in to see the subcarrier grid)
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Example13MHz

		Resolution of the Excel raster: 15 kHz according to the assumed SCS (you may zoom in to see the subcarrier grid)

		The SSB is placed at the highest possible position of the main RF carrier.																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																		SSB

		New UEs supporting at least the DL_Support level can use all 69 PRBs in the DL.																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																		784.95 MHz																																												(= 654·1200 kHz + 3·50 kHz)
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																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																↑																																																																																																																																																																																																																																																																																																																																																																								↑																																																																																																																																																																																																																																																																																																																																																																																				↑

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																783 MHz																																																																																																																																																																																																																																																																																																																																																																								785.7 MHz																																																																																																																																																																																																																																																																																																																																																																																				788.49 MHz

																main RF carrier

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																additional RF carrier (not on the 100 kHz raster)



		As an alternative to the main RF carrier's green frequency range, legacy UEs can operate in the blue frequency range because its centre frequency 783 MHz + 15·180 kHz = 785.7 MHz is on the 100 kHz raster and there is enough guard band. In

		both cases, the initial BWP is inside.																																																																																																																																																																																																																																																																																																																																																																																						additional transmission BW in which legacy UEs can operate



		The initial BWP (PRB numbers 22 to 46) is centred, and the SSB is inside it.																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																														initial BWP





Example13MHz (2)

		Resolution of the Excel raster: 15 kHz according to the assumed SCS (you may zoom in to see the subcarrier grid)

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																				SSB
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																Network: 13 MHz CBW, 67 RBs at 15 kHz SCS																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																↑																																																																																																																																																																																																																						initial BWP shown in red																																																																																																																																																		↑

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																783 MHz																																																																																																																																																																																																																																																																																																																																																																								785.7 MHz

																UE#1 (10 MHz, 52 RBs)

																																																																																																																																																																																																																																																																																																																																																																																								UE#2 (10 MHz, 52 RBs)
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Resolution of the Excel raster: 15 kHz according to the assumed SCS (you may zoom in to see the subcarrier grid)
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main RF carrier at lower end

		Resolution of the Excel raster: 15 kHz according to the assumed SCS

																SSB

																																																																																																																																																																																																																																																																864.05 MHz														(= 720·1200 kHz + 1·50 kHz)

																																																																																																																																																																																																																																																																↓
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																																																																																																																																																																																																																																																																																																																												↑																																																																																																																																																																																																																																																																								↑

																																																																																																																																																																																																																																																																																																																												864.5 MHz																																																																																																																																																																																																																																																																								866.48 MHz

																main RF carrier

																																																																																																																																																																																																																																																																																								additional RF carrier (not on the 100 kHz raster)

		Extension by a second, time-shifted SSB for a better support of legacy UEs shown below

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																↑

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																866.45 MHz														(= 722·1200 kHz + 1·50 kHz)

																																																																																																																																																																																																																																																																																																																																																second (time-shifted) SSB

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																												↑

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																												866.3 MHz														(on the 100 kHz raster)

																																																																																																																																																																																																																																																																additional transmission BW in which legacy UEs may operate if a second SSB is provided





main RF carrier at upper end

		Resolution of the Excel raster: 15 kHz according to the assumed SCS

																																																																																																																																																																																																																																																																																																																																																																								SSB

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																								866.65 MHz														(= 722·1200 kHz + 5·50 kHz)

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																								↓
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																																																																																																																																																																																																																																																																																																																												864.52 MHz																																																																																																																																																																																																																																																																								866.5 MHz

																																																																																																																																																																																																																																																																																								main RF carrier

																additional RF carrier (not on the 100 kHz raster)





… lower end, large font

		Resolution of the Excel raster: 15 kHz according to the assumed SCS (you may zoom in to see the subcarrier grid)

																SSB

																																																																																																																																																																																																																																																																864.05 MHz																														(= 720·1200 kHz + 1·50 kHz)

																																																																																																																																																																																																																																																																↓
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																Network: 7 MHz CBW, 35 RBs at 15 kHz SCS																																																																																																																																																																																																																																																																																																												↑																																																																																																																								initial BWP shown in red																																																																																																																								↑

																																																																																																																																																																																																																																																																																																																												864.5 MHz																																																																																																																																																																																																																																																866.3 MHz

																main (RF) carrier, can be used by legacy UEs

																																																																																																																																																																																																																																																																additional (RF) carrier

																aggregated/combined transmission BW that a UE supporting overlapping CBWs from UE perspective can use

		Extension by a second, time-shifted SSB for a better support of legacy UEs shown below

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																↑

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																866.45 MHz																														(= 722·1200 kHz + 1·50 kHz)

																																																																																																																																																																																																																																																																																																																																																second (time-shifted) SSB

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																												↑

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																												866.3 MHz																												(on the 100 kHz raster)





2nd SSB shifted up

		Resolution of the Excel raster: 15 kHz according to the assumed SCS (you may zoom in to see the subcarrier grid)

																(first) SSB

																																																																																																																																																																																																																																																																																																																																																optional, second (time-staggered) SSB

																																																																																																																																																																																																																																																																864.05 MHz																														(= 720·1200 kHz + 1·50 kHz)																																																																																																																																																																																																																																																																																																		866.45 MHz																														(= 722·1200 kHz + 1·50 kHz)

																																																																																																																																																																																																																																																																↓																																																																																																																																																																																																																																																																																																																																↓
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																																																																																																																																																																																																																																																																																																																												↑																																																																																																																																																																																																																																																																								↑

																																																																																																																																																																																																																																																																																																																												864.5 MHz																																																																																																																																																																																																																																																																								866.48 MHz

																main RF carrier

																																																																																																																																																																																																																																																																																								additional RF carrier (not on the 100 kHz raster)

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																												↑

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																												866.3 MHz																												(on the 100 kHz raster)

																																																																																																																																																																																																																																																																additional transmission BW in which legacy UEs may operate if a second SSB is provided






