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1	Introduction 
During previous RAN TSG and WG4 meetings, several operators expressed an interest in enabling more efficient utilization of "non-standard" channel bandwidths, i.e. the ones which are not present now in TS 38.101 specifications. Referring to the corresponding operator requests, the following channel bandwidths were suggested by operators: 6, 7, 11, 12, 13, 33, 35, 45. After the RAN#88 meeting, a new WI was agreed to add explicitly 35 and 45MHz channel bandwidth into the 3GPP specifications [1]. At the same time, for "non-standard" channel bandwidths, which are not multiple of 5MHz, a new SI was agreed at the RAN#89 meeting aiming to study further which existing solutions can be used and whether new mechanism should be devised [2]. 
Most solutions and methods can be coarsely classified into the ones that require introduction of new channel bandwidths (either to the BS side only, or both to the UE and BS specifications) and the ones that leverage existing mechanism. Adding new channel bandwidths, at least to the UE side, will require non-trivial efforts increasing further implementation and testing efforts. Thus, in this paper we provide a general overview of ways how to use the spectrum efficiently without specifying new UE channel bandwidths. 

2	Overlapping channels 
2.1	Overlapping channels from the network perspective
As already mentioned earlier, there is no easy carrier combination of existing channel bandwidths to utilise fully bandwidths such as 7 or 13MHz.  One way to utilise the whole spectrum is to combine next lower channel bandwidth with overlapping carriers. As an example, Figure 2.1-1 shows a case when two overlapping 5MHz carriers cover 7MHz channel bandwidth. There are two UEs configured with 5MHz carriers, where one UE can use one part of the spectrum, while another UE can use another part. In fact, both UEs can use overlapping part of the spectrum provided that the BS takes care that the overlapping region is allocated to one particular carrier at a time. 
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Figure 2.1-1: Using overlapping carriers (example for 7MHz). 
It is worth noting that overall capacity of the cell will be according to the available spectrum because the BS can use the full bandwidth. However, since one UE will only support a smaller bandwidth within the BS spectrum, the maximum throughput for a single UE will be less than the theoretically possible within the spectrum in case there is only a single UE in the cell. Nevertheless, since there will be multiple UEs in the cell, we do not consider it as a big practical problem. And even though the individual maximum UE throughput will be smaller than theoretically possible in the operator’s spectrum, this solution will result in a slightly better spectral utilisation than next larger bandwidth because of the smaller guard bands that each individual carrier will use. 
It should be also noted that from the UE perspective, a standard channel bandwidth will be always used, either as an initial or the dedicated bandwidth part. However, this approach may require 3GPP to specify the new bandwidths for the BS side as the latter needs to manage the whole frequency range. 
Observation 1:	Overlapping carriers can utilise the whole spectrum of "non-standard" channels. 
Observation 2:	To use the full spectrum with overlapping carriers from the network perspective, the network needs to support the full bandwidth, while from the UE perspective existing standard channels can be used. 
One of the challenges associated with configuring overlapping carriers for the same spectrum is that both carriers should have aligned grid so that the BS can perform same FFT and schedule resources in the overlapping region. While aligning RB grids is not an issue for bands above 3GHz that have the SCS based raster, it becomes more challenging for the sub-3GHz band that have 100kHz raster. As a result, carriers can be configured on raster points that correspond to the least common multiple of the channel raster and the RB size. As an example, the least common multiple will be 900kHz in case of the 15kHz SCS, which corresponds to 5RBs. It effectively means that overlapping carriers will not be able to address efficiently any irregular spectrum size and in some case maybe will not be applicable at all. Figure 2.1-2 presents an example for the 6MHz channel comprising two 5MHz channels. As can be seen from the figure, centre frequency distance between carriers is 900kHz, which is a multiple of 100kHz channel raster and 180kHz RB size. From an individual UE perspective, it is just a normal 5MHz carrier comprising 25RBs. From the BS perspective, it is a 6MHz channel with 30RBs and 300kHz guard bands. It is worth noting that two overlapping 5MHz channel result in having schedulable 30RB, which provides slightly better spectral utilisation than using next larger channel as shown in Table 2.1-1.  
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Figure 2.1-2: Detailed overview of overlapping carriers (example for 6MHz).
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Figure 2.1-3: Detailed overview of overlapping carriers (example for 7MHz).

Table 2.1-1 below summarises potential number of schedulable RBs for a scenario when the next smaller overlapping channels are used. To calculate them, we assume that individual carrier distance must a multiple of 900kHz and that the resulting guard bands must meet at least next smaller channel requirements. So, "Channel Nrb", "Channel guard bands", and "Utilisation" represent the network view, while from the UE perspective all the parameters are the same as for the next smaller channel. One can notice that overlapping carriers provide somewhat better overall spectral utilisation from the network perspective for certain channel bandwidth, such as 6 and 11MHz. At the same time, using next larger channel will always provide better performance from an individual UE perspective. And as already mentioned earlier, one of the challenges for the overlapping carriers is that 3GPP will have to define a new channel bandwidth for BS and check whether guard bands are sufficiently large. For instance referring to 11MHz channel in Table 2.1-1, it is not intuitively clear whether 362.5kHz guard band will be sufficient (accounting for the fact that 10MHz channel guard band is 312.5kHz). 
Table 2.1-1: Exemplary number of RBs based on the next smaller overlapping channel (15kHz SCS).
	Channel (MHz)
	Next smaller channel (MHz)
	Next smaller channel guard band (kHz)
	Next smaller channel Nrb
	Channel Nrb
	Channel guard bands (kHz)
	Utilisation (%)

	6
	5
	242,5
	25
	30
	292,5
	90

	7
	5
	242,5
	25
	35
	342,5
	90

	11
	10
	312,5
	52
	57
	362,5
	93,3

	12
	10
	312,5
	52
	62
	412,5
	93

	12,5
	10
	312,5
	52
	62
	662,5
	89,3

	13
	10
	312,5
	52
	67
	462,5
	92,8




Table 2.1-2 presents similar calculations for the number of available RBs with overlapping carriers, but for the 30kHz SCS. As can be seen from the table, a solution based on the 30kHz SCS overlapping carriers does not provide a good spectral utilisation for certain non-standard channel bandwidths due to the reason that the "distance" between carriers must a multiple of 1800kHz. Because of that, channel bandwidths such as 7 and 12MHz have more or less good utilisation, whereas 6 and 11MHz do not provide any benefit at all. Generally speaking, overlapping carriers with 30kHz SCS can be acceptable for non-standard channel bandwidths of X+2 and X+4MHz, where X is one of the standard channel sizes. To exemplify this point, Table 2.1-2 also presents exemplary numbers for a hypothetical case of 14MHz channel bandwidth. Thus, 30kHz SCS overlapping carriers can be considered for large non-standard channel bandwidthds for which an operator has a preference of using 30kHz SCS, e.g. some FR1 TDD bands. Otherwise, a solution based on the next larger channel should be considered.    

Table 2.1-2: Exemplary number of RBs based on the next smaller overlapping channel (30kHz SCS).
	Channel (MHz)
	Next smaller channel (MHz)
	Next smaller channel guard band (kHz)
	Next smaller channel Nrb
	Channel Nrb
	Channel guard bands (kHz)
	Utilisation (%)

	6
	5
	505
	11
	11
	1005
	66

	7
	5
	505
	11
	16
	605
	82,3

	11
	10
	665
	24
	24
	1165
	78,5

	12
	10
	665
	24
	29
	765
	87

	12,5
	10
	665
	24
	29
	1015
	83,5

	13
	10
	665
	24
	29
	1265
	80,3

	[14]
	10
	665
	24
	34
	865
	87,4



Observation 3:	While overlapping carriers provide good utilisation for 15kHz SCS, this solution becomes less efficient for 30kHz and providies good spectral utilisation only for certain channel bandwidths. 

It is worth noting that despite the fact that overlapping channels from the network perspective cannot provide the highest throughput for each individual UE, this approach works with all the legacy UEs. As mentioned earlier, from an individual UE perspective, this is just a standard Rel-15 channel and no special UE side enhancements are needed. Thus an operator can use this approach with the whole ecosystem of available devices. 

Observation 4:	Overlapping carriers from the network perspective do not require any UE side enhancements, and thus approach can be used with any legacy device. 


2.2	Overlapping channels from the UE perspective
While the solution based on overlapping channels from the network perspective assumes that each UE is configured with a standard channel size, overlapping channels from the UE perspective allows an individual UE to operate the whole channel. According to technical explanations from several proponent companies, a UE is anticipated to operate the whole channel as a single component carrier, i.e. a single baseband unit is used. At the same time, there are two "RF carriers" of the next smaller channel size that are configured in the overlapping manner. 
Our general technical understanding is that if the resulting operation assumes a single baseband and a single component carrier, then this solution can be viewed as a sub-flavour of "next larger channel" for the following practical reasons: 
-	A UE baseband will be configured in the "next larger channel" mode to support required number of RBs. Otherwise, if the UE baseband is configured with the specific number of RBs corresponding to the actual non-standard channel size, then it would effectively mean that we standardise a new non-standard channel bandwidth.
-	It is up to the UE implementation how its RF front end is configured to support a particular channel bandwidth, RAN WG4 does not have a concept of the "RF carrier" and it is not signalled anywhere. From that perspective even an existing legacy UE, configured with a standard channel, may implement some form of the "RF carrier aggregation" as long as it meets all the requirements. 
-	What matters most is which guard bands are assumed and which channel bandwidth requirements a UE has to meet. From that perspective, overlapping channel from the UE perspective can be viewed as "next larger channel", but with guard bands that correspond to the next smaller channel.  

Observation 5:	A solution base on overlapping channels (RF carriers) from the UE perspective still assumes a single baseband and a component carrier.
Observation 6:	From the system perspective, this approach can be viewed as "the next larger channel" whereupon guard bands from the next smaller channel are assumed. 

In the table below we present side-by-side comparison of the overall system performance in terms of available number of RBs for the case when overlapping channel from the network perspective are assumed and when the "next larger channel" solution is used with smaller guard bands. As can be seen, for smaller irregular channels there is either no difference or there is just one RB difference. The only exception is 12.5MHz channel, for which a larger difference can be observed. However, using smaller guard bands at the UE side might definitely require more stringent filtering techniques, which the legacy platforms will not be able to support.

	Channel (MHz)
	Next smaller channel (MHz)
	Next smaller channel guard band (kHz)
	Channel Nrb
	Next larger channel (MHz)
	Next smaller channel guard band (kHz)
	Channel Nrb

	6
	5
	242,5
	30
	10
	242,5
	30

	7
	5
	242,5
	35
	10
	242,5
	36

	11
	10
	312,5
	57
	15
	312,5
	57

	12
	10
	312,5
	62
	15
	312,5
	63

	12,5
	10
	312,5
	62
	15
	312,5
	65

	13
	10
	312,5
	67
	15
	312,5
	68




Observation 7:	Overlapping channels from the UE perspective do not provide any noticeable gain over solution based on using "next larger channel".






3	Conclusions
In this discussion paper we have presented our further considerations on how non-standard spectrum allocations can be used by operators to utilise existing spectrum in the most efficient way. Based on our considerations, there are several ways how it can be achieved without adding explicitly new channel bandwidths, at least at the UE side; whether they will have to be added at the base station side need further investigations. 
Observation 1:	Overlapping carriers can utilise the whole spectrum of "non-standard" channels. 
Observation 2:	To use the full spectrum with overlapping carriers from the network perspective, the network needs to support the full bandwidth, while from the UE perspective existing standard channels can be used. 
Observation 3:	While overlapping carriers provide good utilisation for 15kHz SCS, this solution becomes less efficient for 30kHz and providies good spectral utilisation only for certain channel bandwidths.
Observation 4:	Overlapping carriers from the network perspective do not require any UE side enhancements, and thus approach can be used with any legacy device. 
 Observation 5:	A solution base on overlapping channels (RF carriers) from the UE perspective still assumes a single baseband and a component carrier.
Observation 6:	From the system perspective, this approach can be viewed as "the next larger channel" whereupon guard bands from the next smaller channel are assumed. 
Observation 7:	Overlapping channels from the UE perspective do not provide any noticeable gain over solution based on using "next larger channel".


Proposal:	Capture in the SI TR further technical details on how overlapping channels from the network perspective can be used to support irregular channel bandwidth. 
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