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1	Introduction 
Band 28 has been introduced in Rel-11 as a new FDD band together with a new TDD band which has been explicitly specified for China. Technically the FDD band has been specified as a dual duplexer band since there are no duplexers available that can handle the wide bandwidth together with the narrow duplex gap and the emissions requirements. The details can be seen in the TR 36.820 [1]. Later band 28 has been introduced as n28 for NR and now there is a discussion how to use the frequency range with wider bandwidths of 30MHz for UL and 40MHz for DL.
2	Current definition of band n28 
The definition of the NR band n28 has been based on the already specified band 28 for E-UTRA. Since band 28 is based on a dual duplexer configuration, also band n28 is based on the dual duplexer assumption. Figure 1 shows the duplexer configuration as well as other bands within a similar frequency range:
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Figure 1: Band 28/n28 Duplexer configuration and adjacent bands
The dual duplexer configuration has been chosen in 3GPP, since the duplex gap is very narrow (10MHz) and the bandwidth is too large for a single duplexer to be implemented in usual technologies for UE RF. The bandwidth is 6.4% of the carrier frequency, usually 4% is considered the maximum that can be implemented with reasonable performance. Additionally, there are some emissions and blocking requirements that have been specified taking into account the dual duplexers. These are some specification points that are unique to the dual duplexer architecture:
· Band 28 is too wide for a single duplexer architecture having high performance filtering beyond band 28 for emissions requirements;
· There is an emissions requirement to protect TV stations below 710MHz with -26.2dBm/6MHz for carriers above 718MHz, which assumes the upper duplexer is used so that the filtering within the band below 718MHz allows to fulfill this requirement;
· There is an emissions requirement to protect TV stations below 694MHz with -42dBm/8MHz for carriers above 703MHz, which assumes the lower duplexer is used so that the filtering below 703MHz allows to fulfill this requirement. This filtering within the 9 MHz from the edge is only possible for duplexers that have a narrow bandwidth with a larger duplex gap, not for single duplexers;
· Dual duplexer configurations only allow for bandwidths up to 20MHz at specific frequencies within the band, since otherwise the channel bandwidth would go across the duplexer bandwidths;
· There are multiple CA/DC combinations, that assume dual duplexer architecture, since otherwise frequency ranges would overlap with other bands, for example CA_n20-n28 is limited to the frequency range of the lower duplexer of 703-733MHz.
Observation 1:	Band 28/n28 RF specs have been derived on the basis of the dual duplexer architecture. It is not possible to fulfill the band 28/n28 RF requirements with a single duplexer architecture.
Observation 2:	A dual duplexer configuration for band 28/n28 is limited to 20MHz channel bandwidth.
Additionally, there are legacy UEs available that support n28 but not the new bandwidths, therefore in 3GPP new bandwidths haven’t been specified for existing bands.
3	Wider bandwidths within band n28 frequency range
A proposal has been presented in RAN4 to add bandwidths of 30MHz for UE TX and 40MHz for the UE RX for the band 28 frequency range. When defining FDD band 28, also TDD band 44 has been explicitly specified for China. Using band 44 would be the easiest way to allow for wider bandwidths in this frequency range.
Observation 3:	Band 44 has been specified for China in the same frequency range that n28 uses.
If a TDD band cannot be used, a single duplexer configuration needs to be used to enable passing the whole bandwidth of up to the proposed 40MHz through the duplexer. Since band 28 cannot use a single duplexer configuration, a new band assuming a single duplexer configuration needs to be specified. Band 28/n28 cannot be re-used.
Observation 4:	A bandwidth of up to 40MHz in the band 28 frequency range requires definition of a new band using a single duplexer architecture.
A single duplexer which covers the whole frequency range of band 28 is very difficult to design due to the large bandwidth and the narrow duplex gap, but even if it is possible to stretch the technology to build it, it will have a worse performance than a dual duplexer solution:
· A single duplexer with 45MHz BW will have a significantly larger insertion loss than dual duplexers;
· Isolation between the TX and RX ports of the single duplexer will be lower, since the duplex gap is just 10MHz wide;
· At the edge of the band below 703MHz there will be less attenuation available. 
Defining a single duplexer band would require re-considering multiple RF requirements:
· The band cannot be used for some CA/DC combinations which aggregate frequency ranges overlapping or close by like CA_n20A_n28A;
· The emissions requirements to protect TV stations below the band need to be removed or relaxed, since the filtering slopes are not as steep as with the dual duplexer architecture;
· The emissions requirements within the band below 710MHz need to be removed;
· If there are emissions requirements needed to protect TV stations, most likely A-MPR is needed to fulfil them;
· Specifying larger RX and TX bandwidths will degrade Refsens significantly, since IMD3 of a 30MHz wide TX will fall into the own RX bandwidth of 40MHz resulting in very high (>30dB) MSD.
Observation 5:	A TX bandwidth of up to 30MHz and a RX bandwidth up to 40MHz will require significant MSD due to IMD3 directly falling into the RX band.
In total the changes to the RF specs to enable wider bandwidths are so significant, that the definition of a new band is needed. The bandwidths of 30/40MHz cannot just be added to the existing band 28/n28 definition, also since there are already UEs supporting band n28 available or in development.
[bookmark: _GoBack]Proposal 1:	TDD band 44, which was specified for China, can enable wider bandwidths in the frequency range of band 28.
Proposal 2:	To enable wider FDD bandwidths in the frequency range of band 28, a definition of a new band based on a single duplexer architecture is needed.

4	Conclusions
We draw the following conclusions: 
Observation 1:	Band 28/n28 RF specs have been derived on the basis of the dual duplexer architecture. It is not possible to fulfill the band 28/n28 RF requirements with a single duplexer architecture
Observation 2:	A dual duplexer configuration for band 28/n28 is limited to 20MHz channel bandwidth
Observation 3:	Band 44 has been specified for China in the same frequency range that n28 uses
Observation 4:	A bandwidth of up to 40MHz in the band 28 frequency range requires definition of a new band using a single duplexer architecture
Observation 5:	A TX bandwidth of up to 30MHz and a RX bandwidth up to 40MHz will require significant MSD due to IMD3 directly falling into the RX band
Based on this we propose: 
Proposal 1:	TDD band 44, which was specified for China, can enable wider bandwidths in the frequency range of band 28.
Proposal 2:	To enable wider FDD bandwidths in the frequency range of band 28, a definition of a new band based on a single duplexer architecture is needed.
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