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1	Introduction 
In the last RAN4 meeting a WF was agreed to enable the usage of unusual or “brand new” Channel Bandwidths. This paper proposes how this spectrum can be used without specifying new UE Channel Bandwidths.
2	Issues with adding “brand new” Channel Bandwidths 
For NR there have been multiple channel bandwidths specified, which cover almost any need of bandwidths. These are 5, 10, 15, 20, 25, 30, 40, 50, 60, 80 and 100MHz, which are mandatory to support, while 90MHz was optional in rel. 15 and became mandatory in Rel. 16 and 70MHz was already introduced in the basestation spec and will also be added to the UE spec in Rel. 16. The result is that we have quite a fine granularity of 5MHz from 5MHz to 30MHz and 10MHz from 40 to 100MHz. These 13 bandwidths should be sufficient for all needs and it is already difficult to implement in the UE, as more bandwidths increase complexity in the UE design, development and testing. 
Despite the fine granularity we have already seen requests for 7, 11, 12, 13, 35, and 95MHz and there are many more to come, since once we start adding new bandwidths, there will be more operators coming and asking for odd bandwidths, because they have spectrum that doesn’t exactly fits the defined CBWs but is slightly off. If we start defining new CBWs for each new spectrum allocation not exactly fitting to the CBWs, we may finally end up with having multiple times the already existing bandwidths specified. On the other hand of course the operator wants to use all of the spectrum available, and we need to show ways how to use the spectrum efficiently.
While it is relatively easy to specify new CBWs in 3GPP, it has a severe impact on the UE development These are the issues when specifying more bandwidths in the UE:
· More bandwidths result in more complex analog and digital baseband filter design in the UE, since usually for each BW a new bandwidth will be designed into the filters
· All possible configurations of a UE in the RF and BB need to be tested in the development phase of the chipset and the phone, so all permutations of CBW, SCS, modulations, RB allocations and CA combinations need to be tested during development for functionality and performance. If we double the number of possible bandwidths, the number configurations to be developed and tested is also doubled. This is independent of what testing is specified in RAN5 specs and may impact time to market
· Adding all the new bandwidth configuration permutations will result in a much higher complexity in the UE
· RAN5 testing is also becoming more complex due to the higher number of permutations for test, however, in some test cases RAN5 may decide not to test it, but there will also be quite a number of tests where all CBWs will be tested
· Even if RAN5 decides not to test each bandwidth, all the bandwidths the UE supports will be tested in regulatory type approval for the TX side.   
There have been several proposals in the last RAN4#92bis meeting showing how operators can use their spectrum with the existing, already specified CBWs without specifying new CBWs in 3GPP.
Observation 1:	Adding new channel bandwidths that haven’t been specified yet, will result in significantly higher complexity of use cases and significantly higher development and test effort for the UE 
Proposal 1:	RAN4 agrees not to specify new Channel bandwidths for the UE. Instead RAN4 studies options to efficiently use the spectrum with the exisiting CBWs already specified.

3	Efficient usage of the existing CBWs for spectrum allocations not exactly fitting the CBWs 
There are multiple possibilities to fully use the spectrum without specifying new UE Channel Bandwidths:
· Contiguous intra-band Carrier Aggregation
· Usage of bandwidth parts
· Use of a smaller bandwidths than the available spectrum
· Use of a larger bandwidth in the UE than the available spectrum and only using RB allocations within the available spectrum
3.1	Contiguous intra-band CA
Contiguous CA can be used to utilize the full spectrum without specifying new CBWs. One example is to use intra-band contiguous CA with 20MHz + 15MHz CBWs to cover the spectrum with 35MHz. However, there will be operators complaining about the small gap in-between the carriers. There are several possibilities to solve this:
Contiguous intra-band Carrier Aggregation just has a specification for a nominal channel spacing, but the channel spacing can be adjusted according to the needs in a raster that is a multiple of the SCS and the channel raster. So there doesn’t need to be a gap, since the channels can be shifted closer than the nominal channel spacing until there is no gap left.
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Figure 1: Contiguous CA with and without gap 
For bandwidths where there is no easy combination of existing bandwidths, like 7 or 13 MHz, it should also be possible to shift the carriers further together, however, in that case the basestation needs to take care that in the overlap region the RBs are only allocated to one carrier and not the other. However, this overlapping mode may need some more detailed investigations.
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Figure 2: Overlapping contiguous CA in case of 7MHz 
Observation 2:	Contiguous intra-band CA can be used to enable utilization of the full spectrum. To overcome the gap issue, the carriers can be shifted so that there is no gap. If it is possible to have them overlapping needs more detailed investigation
Contiguous intra-band CA is already specified in 38.101, so there is no need to add new features in the spec to utilize this way to use the full spectrum. Also it is a common feature supported in UEs.
3.2	Using Bandwidth Parts
Bandwidth parts have intentionally been specified for the case that the UE doesn’t support the full channel bandwidth of the BS. Therefore BWPs can be used to solve exactly this issue of having a BS using a CBW with the full spectrum of the operator, while the UE supports a large part of this, but not the full BW. This may require 3GPP to specify the new bandwidths for the BS, but not the UE. So one UE can use one part of the spectrum, while another UE can use the other part not used by the first UE. These parts can be overlapping. This is shown in figure 3:
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Figure 3: Bandwidth parts to enable usage of unusual bandwidths, example 13MHz
As bandwidth parts have intentionally been specified for this case, where the UE uses a part of the BS CBW, there is no need for additional UE spec changes to enable the usage of new bandwidths that do not fit the already specified UE CBWs. The full spectrum can be used by specifying the new CBW for the BS only. This can be supported by legacy UEs without any modification.
The capacity of the cell is according to the available spectrum, since the BS can use the full bandwidth, however, since one UE only supports a slightly smaller bandwidth within the BS spectrum, the maximum throughput for a single UE can be a bit less than the theoretically possible within the spectrum in case there is only a single UE in the cell, but since there will usually be multiple UEs in the cell, this is no practical problem.
Observation 3:	Using Bandwidth parts enables the usage of the full spectrum also for odd bandwidths with the full capacity. However, the peak throughput for a UE is slightly reduced, which should not impact normal operation when there is more than one UE in the cell
Observation 4:	To use the full spectrum, the BS needs to support the full bandwidth, i.e. new bandwidths need to be specified for the BS, regardless of the UE BW used
Here are some examples for recently requested bandwidths:
· 7MHz: The BS uses 7MHz and the UE uses a BWP of 5MHz
· 11/12/13MHz: The BS uses 11/12/13 MHz and the UE uses 10MHz
· 35MHz: The BS uses 35MHz and the UE uses 30MHz
· 95MHz: The BS uses 95MHz and the UE uses 90MHz
3.3	Using the next smaller bandwidth than the available spectrum for UE and BS
This is somewhat similar to using bandwidth parts, however, in this case the BS also doesn’t support the full spectrum and the BS and the UE only support the next smaller BW. The UE and BS use a smaller bandwidth than the available spectrum. This may be acceptable, if the spectrum is only slightly larger than the next smaller bandwidth, for example if the spectrum is 11MHz and 10 MHz is used. If the difference is larger, this may not be acceptable to the operator. In that case the new BW needs to be specified for the BS and the bandwidth parts should be used.
[image: ]
Figure 4: Using the next smaller CBW to enable usage of unusual bandwidths, example 11MHz
Observation 5:	Using the next smaller bandwidth for the BS and the UE can be acceptable when the difference between the bandwidth of the operator’s spectrum and the next lower channel bandwidth is not large, it works with legacy UEs and BSs. In case of a larger difference bandwidth parts may be advantageous.
3.4	Using the next larger bandwidth than the available spectrum for the UE
Using a larger bandwidth in the UE than the available spectrum can be useful, if the larger bandwidth is only a little bit larger than the spectrum. In this case the BS needs to support exactly the spectrum available, while the UE uses a larger bandwidth and the BS restricts the RBs for the UE in DL and UL, so that the UE still has some guard bands to the edge of the available spectrum. In this case the hypothetical spectral emissions mask for the smaller bandwidth of the spectrum needs to be fulfilled by the inband emissions specification of the unused RBs. A calculation shows that the inband emissions spec is tighter than the hypothetical emissions mask. Also RX blocking and ACS would need to be checked, although a first check shows that there is no issue for small differences. However, this needs to be checked for each “brand new” bandwidth that is needed in detail. This only works for a small difference between the UE and the BS CBW. For larger bandwidths bandwidth parts should be used.
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Figure 5: Using the next larger CBW to enable usage of unusual bandwidths, example 13MHz
Observation 6:	Using the next larger bandwidth for the UE can be acceptable when the difference between the bandwidth of the operator’s spectrum and the next larger channel bandwidth is not large. It will need some work on the emissions requirements. In case of a larger difference bandwidth parts may be advantageous.
3.5	Summary of the options
Table 1 shows the summary of the options: 
	Option
	New CBW for BS
	New CBW for UE
	Compatible with legacy UEs
	Specification work for 38.101
	Full usage of spectrum

	Carrier Aggregation
	Yes
	No
	Yes
	No
	Yes

	Bandwidth Parts
	Yes
	No
	Yes
	No
	Yes

	Smaller CBW
	No
	No
	Yes
	No
	No

	Larger CBW
	Yes
	No
	Yes
	Potentially
	Yes


[bookmark: _GoBack]Table 1: Summary of the options
Based on the above discussion we propose to use bandwidth parts for usage with unusual bandwidths, where the UE uses the next smaller BW and the BS uses the newly specified BW.
Proposal 2:	Bandwidth Parts are proposed to be used for covering the full spectrum with the BS using a new CBW and the next smaller Channel Bandwidth for the UE 
4	Conclusions
We draw the following conclusions: 
Observation 1:	Adding new channel bandwidths that haven’t been specified yet, will result in significantly higher complexity of use cases and significantly higher development and test effort for the UE 
Observation 2:	Contiguous intra-band CA can be used to enable utilization of the full spectrum. To overcome the gap issue, the carriers can be shifted so that there is no gap. If it is possible to have them overlapping needs more detailed investigation
Observation 3:	Using Bandwidth parts enables the usage of the full spectrum also for odd bandwidths with the full capacity. However, the peak throughput for a UE is slightly reduced, which should not impact normal operation when there is more than one UE in the cell
Observation 4:	To use the full spectrum, the BS needs to support the full bandwidth, i.e. new bandwidths need to be specified for the BS, regardless of the UE BW used
Observation 5:	Using the next smaller bandwidth for the BS and the UE can be acceptable when the difference between the bandwidth of the operator’s spectrum and the next lower channel bandwidth is not large, it works with legacy UEs and BSs. In case of a larger difference bandwidth parts may be advantageous.
Observation 6:	Using the next larger bandwidth for the UE can be acceptable when the difference between the bandwidth of the operator’s spectrum and the next larger channel bandwidth is not large. It will need some work on the emissions requirements. In case of a larger difference bandwidth parts may be advantageous.
Proposal 1:	RAN4 agrees not to specify new Channel bandwidths for the UE. Instead RAN4 studies options to efficiently use the spectrum with the exisiting CBWs already specified.
Proposal 2:	Bandwidth Parts are proposed to be used for covering the full spectrum with the BS using a new CBW and the next smaller Channel Bandwidth for the UE 
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