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Introduction
In the RAN4#98e, ways forward [3, 4] consolidated agreements on how irregular bandwidth can be supported in UL and DL. Further from [2], this contribution discusses the different cases supporting irregular channel bandwidths with wider bandwidth or with overlapped bandwidth from a Network and UE prospective and provides an analysis of potential solutions and their related constraints. This paper is also relevant to agenda 9.2.3 Evaluation of use of overlapping UE channel bandwidths.
Discussion
The updated Study Item [1] for irregular channel bandwidths lists the cases to be studied as noted in Table 1. Additional columns gives the full band BW and the BW left. Cases highlighted in yellow mean that the irregular channel BW should be on the band edge.
Table 1: Irregular channel bandwidths and associated bands for study
	Band
	Channel Bandwidth(s)
	Band BW
	BW left

	n5
	7, 11 MHz
	25MHz
	18, 24MHz

	n12
	6, 12 MHz
	17MHz
	11, 5MHz

	n26
	7 MHz
	35MHz
	28MHz

	n28
	13 MHz
	45MHz
	17MHz (based on 30MHz dual duplexer)

	n29
	6, 11 MHz
	11MHz
	5, 0MHz



Furthermore, in RAN4#98e, in the ways forward [3, 4] it was decided that UL will only use the immediately lower channel bandwidth (SmallerCHBW) as a means to guarantee emissions and that legacy UEs will also use the immediately lower channel bandwidth in DL .
At this time, based on [3, 4], the irregular bandwidth study focuses on two options for DL with a newly adopted naming:
· Use of immediately larger bandwidth => called WiderCHBW 
· Use of Overlapping bandwidth => using overlap of SmallerCHBW 
· with overlap from network prospective but TBD for UE
· Legacy UEs will use SmallerCHBW
The analysis provided in [2] regarding possible SU and SSB restrictions is still valid if channel raster applies to both channels and at least one SSB position needs to be compatible with legacy UEs. This means that UE using immediately higher existing UE channel bandwidth may need to be compatible with the same SSB which may influence its position.
Also, for the cases where the overlap is too small to fit a common SSB, solution for the availability of two SSBs needs to be found.
Use of Immediately Higher Existing UE Channel Bandwidth
The use of WiderCHBW is for further study in DL only and, based on our understanding, should be compatible with legacy UEs using SmallerCHBW and might use the same SSB to access the IrregularCHBW.

For the best performance of using WiderCHBW in DL, it is essential that it is centered as best as possible on the irregular bandwidth, but it may depend on the whether the irregular BW is in the middle or the edge of the band.

In the case of irregular bandwidth having adjacent channels on both sides, the WiderCHBW should be centered as best as possible to benefit from the BB analog filters to avoid high blocking and ACS issues from adjacent channels. This may depend on SSB position.

In the case of irregular bandwidth has an adjacent channel one side only (it is on the edge of a band), it might be beneficial to shift the WiderCHBW on opposite side of that adjacent channel to benefit from the RF filters to avoid high blocking and ACS issues. This may depend on SSB position. The cases highlighted in yellow in Table 1 can only be on the band edge. Especially for band n29 both irregular BW are on the band edge.

The two cases are illustrated in Figure 1: The irregular CHBW with two adjacent channels is at the top of the drawing, while the irregular CHBW at the edge of the band is in the bottom drawing. 

It should be noted that the 11MHz n29 case uses the entire band and thus cumulates the benefit of the RF and BB filter. Furthermore, it is an SDL band and the 15MHz WiderCHBW position could be chosen depending on whether the highest interference comes from n12 base stations or n12 UEs.

[image: ]
Figure 1: position of widerCHBW depending on the irregular BW position in the band

Observation on WiderCHBW:
· It is essential to position the wider BW properly depending on the irregular BW being on the band edge or not
· Irregular BW at band edge => fully shifted Wider BW benefit from the RF filter
· Irregular BW with two adjacent channels => best centered WiderBW to benefit from analog BB filter
· Optimum shift or centering may depend on SSB position required for the support of legacy UEs.

Proposal 1 on WiderCHBW: 
· WiderCHBW alignment and its allocated BWP should be studied depending on the irregular CHBW position in the band
· Dependency of the exact WiderCHBW positioning on the SSB position for the SmallerCHBW used by legacy UE should be studied
· The 11MHz n29 case should be further studied for the best positioning of the 15MHz WiderCHBW.
Overlap from Network point of view
The conclusions from the last meeting contribution [2] were based on the assumption that both channels had to be on the 100kHz raster and is reproduced in Table 1. Our understanding is that at least one of the channels needs to be on the 100kHz raster to enable Legacy EUs to attach.
Table 2: options for irregular channel BW support based on meeting 100kHz raster.
	Target BW
	SCS
	CH BW /
RB / SU%
	IrrBW RB / 
SU %
	SSB constraint
	other

	6 MHz
	15 kHz only
	5 / 25 / 75%
	30 / 90%
	15 kHz common in exact 20RB overlap
Need to be on SSB raster point
	50kHz GB shift

	7 MHz
	15 kHz and
30 kHz
	5 / 25 / 64%
	35 / 90%
	15kHz Partial overlap only, need to be staggered in time and SSB raster point
	Lost BW due to SSB resources

	11 MHz
	15 kHz only
	10 / 52 / 85%
	57 / 93%
	Common 15 kHz SSB
	50kHz GB shift

	12 MHz
	15 kHz and
30 kHz
	10 / 52 / 78%
10 / 24 / 72%
	62 / 93%
29 / 87%
	Common 15 kHz SSB
	none

	13 MHz
	15 kHz and
30 kHz
	10 / 52 / 72%
10 / 24 / 67%
	62 / 86%
29 / 80%
	Use 12 MHz solution

	
	15 kHz only
	10 / 52 / 72%
	67 / 93%
	Common 15 kHz SSB
	50kHz GB shift



In order to go beyond the calculated SUs and SSB restrictions in the above table, the key is to understand which alignment rules can apply to the overlapping channels.

Our understanding is that overlap from the network point of view should be able to support:
· Legacy UE in one of the two channels with SmallerCHBW
· New UEs only supporting overlap from network point of view using SmallerCHBW in any of the two channels
· New UEs supporting overlap from UE point of view using SmallerCHBW in both channels simultaneously
· New UE supporting WiderCHBW should not be precluded to operate in a network using overlapped channels

This means that at least one channel and one SSB should meet the current channel and SSB raster. It is still unclear how the second channel may be used by the different types of UEs if it requires an SSB or channel raster that is not compatible with the current specification. In any case the two channels must be RB aligned. 

Proposal 2 on overlap from network point of view: 
· One of the channel shall use SmallerCHBW and use the current SSB and channel raster (legacy UE channel)
· The second channel also uses SmallerCHBW and should be RB aligned with legacy UE channel and should be applicable to UE supporting overlap from network point of view
· UEs supporting WiderCHBW should not be precluded to operate in a network using overlapped channels and should be able to align with the legacy UE channel at least
Overlap from UE point of view
From a hardware support point of view, it means that the UE must have 4 BB paths in RX and 2 BB paths in TX to support 2x2 DL MIMO and UL SISO with some means of multiplexing the two at BB or RF. Only in this case, the BB filtering will ensure emissions and blocking performance in UL and DL respectively.

It should be noted that all the bands discussed for irregular bandwidths are low bands where LB-LB inter band CA or DC are usually not implemented and 4x4 DL MIMO or 2x2 UL MIMO are not specified (nor really implementable from an antenna point of view). Thus, current UEs architecture do not support overlap from UE point of view for requested bands and this would induce extra cost for a very small BW increase.

For DL, if the de-multiplexing happens at baseband it can be relatively straight forward if the transceiver uses the immediately higher channel bandwidth; but depending on analog channel filter, AGC and ADC anti-aliasing, it may still have some degradation in blocking and ACS which corresponds to the WiderCHBW case. Split at RF is an option, but is not implemented in low bands in either the RF front-end or the transceiver.

Given that the performance may not be significantly better than using a bandwidth part of the immediately higher channel bandwidth and it requires additional hardware (at least for the low bands requested here) we do not see that this approach should be prioritized. Especially if the desired bandwidth is close (1-2MHz) away from the next higher channel bandwidth, its performance should be already acceptable or when the irregular BW is on a band edge and the RF filter can help.

[bookmark: _GoBack]Observation: In DL, although there is less effort to enable, there is no guarantee that blocking and ACS are not degraded and it may not show significant benefits versus using the higher channel bandwidth at the expense of additional hardware.

Proposal 3 on overlap from UE point of view: Unless it can be demonstrated that better DL performance is obtained versus using a BW part of the immediately higher BW as optional UE support, overlap from UE point of view should not be the priority to study.
Conclusions
In this contribution, we discuss irregular channel bandwidths support based on WiderCHBW and overlapping channels. Although we could not progress much on how to resolve some of the constraints highlighted in our previous contributions, we have further input to the different options suppoting irregular BW in the DL.

Proposal 1 on WiderCHBW: 
· WiderCHBW alignment and its allocated BWP should be studied depending on the irregular CHBW position in the band
· Dependency of the exact WiderCHBW positioning on the SSB position for the SmallerCHBW used by legacy UE should be studied
· The 11MHz n29 case should be further studied for the best positioning of the 15MHz WiderCHBW.

Proposal 2 on overlap from network point of view: 
· One of the channel shall use SmallerCHBW and use the current SSB and channel raster (legacy UE channel)
· The second channel also uses SmallerCHBW and should be RB aligned with legacy UE channel and should be applicable to UE supporting overlap from network point of view
· UEs supporting WiderCHBW should not be precluded to operate in a network using overlapped channels and should be able to align with the legacy UE channel at least

Proposal 3 on overlap from UE point of view: Unless it can be demonstrated that better DL performance is obtained versus using a BW part of the immediately higher BW as optional UE support, overlap from UE point of view should not be the priority to study.
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