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1. Introduction

In the last RAN plenary meeting a study item has been approved to evaluate the options how to use the new spectrum AWS3 allocated by the FCC for cellular applications. Three options are proposed for the study item:

1.
70+70 (1710 - 1780 MHz / 2110 - 2180 MHz, fixed duplex)

2.
70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

3.
85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable duplex)

This document discusses these proposals.
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2. Option 1: 70+70 (1710 - 1780 MHz / 2110 - 2180 MHz)
This Option is an extension of band 4 by 25MHz. It can also be seen as an extension of band 10 by 10MHz, however, it seems currently band 10 is not used at all. 
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These are the characteristics of such a new band:

· Total bandwidth of 2 x 70 MHz
· Duplex distance 400MHz as band 4 and 10
· Constant duplex distance across the whole band

· No carrier aggregation required to operate this band configuration, but intra-band CA is of course possible

· CA with other bands is possible and it may have some advantages compared to band 4. While almost any TX frequency in band 12 /17) will have a third harmonic in the RX band of band 4, the extension part of the new band doesn’t have a third harmonic issue since there is no TX band defined at 1/3rd of the RX frequency.
Technically the new band plan option 1 will have these implications on the UE side:

· The larger bandwidth will require new duplexers with 2 x 70 MHz
· The 2 x 70 MHz duplexers are possible to build, but they may have a slightly higher insertion loss compared to band 4 with 2 x 45 MHz. However, in the same frequency range we see band 1 duplexers with 2 x 60 MHz with quite a low insertion loss. Therefore it seems possible to keep the same reference sensitivity specification as for band 4
· As the duplex distance is constant at the same 400MHz as band 4, there is not much software effort to implement it as it would be just another band
3. Option 2: 70+90 (1710 - 1780 MHz / 2110 - 2200 MHz)
This Option is an extension of band 4 by 25MHz where the RX band is extended by additional 20MHz. Therefore the UL band is 70MHz wide and the RX band is 90MHz wide. 

The additional 20MHz can be used in several ways:

· intra-band non-contiguous DL CA 
· inter-band DL CA with another band, preferably a low band, as the combination with a high band would require a quadplexer. This is similar to a downlink only band

· Using two separate downlinks together with the same uplink

Intra-band non-contiguous CA:
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Intra-band NC CA is already defined for band 4, so it would be a good solution to define the new band including intra-band NC CA. Therefore this would be the preferred solution from a UE vendor company’s view.
Inter-band CA with another band:
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Inter-band CA with another band is similar to using the extra 20 MHz as a downlink only band. It would be preferred to combine it with a low band as there is usually anyway a diplexer used to separate the low and high bands. If it would be combined with a high band a quadplexer would be required, therefore this is not a preferred solution from a UE vendors point of view.

Using two separate downlinks together with the same uplink
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This is a difficult possibility and is not recommended. It requires significant standardization effort since it requires variable duplex operation, meaning that the duplex distance is not constant 400MHz as in the previous possibilities. These are possible ways to do this:

1. A single UL frequency will be mapped to two DL frequencies. For example an UL frequency like 1777.5 MHz with 5 MHz bandwidth can have a DL frequency of 2177.5 MHz or 2197.5 MHz. This may be split up from UE to UE, for example 5 UEs are on 2177.5 MHz and another 5 UEs are on 2197.5 MHz. But it could also be split up by some parts of the country using one DL frequency and another part uses the other frequency. However, this may leave some channels unused at some places. The only other way to use them in this case would be to do DL intra-band NC CA as described above.
2. The UL bandwidth is different from the DL bandwidth. In this case the bandwidth of the DL would be for example 10 MHz and for the UL 5 MHz. One example (but there are plenty of other possibilities): 

a. UL: 1755-1760MHz, DL 2155-2165MHz
b. UL: 1760-1765MHz, DL 2165-2175MHz

c. UL: 1765-1770MHz, DL 2175-2185MHz

d. UL: 1770-1775MHz, DL 2185-2195MHz

e. UL: 1775-1760MHz, DL 2195-2200MHz

However, this requires different UL and DL bandwidths combined with variable duplex spacing, both are currently not defined in 3GPP specs and will require at least changes in RAN4 while RAN2 impact needs to be evaluated.
Technically the new band plan option 2 will have these implications on the UE side:

· The larger bandwidth will require new duplexers with 70 MHz for the TX and 90MHz for the RX
· A 70+90 MHz duplexer seems possible to build, but it will have a higher insertion loss compared to band 4 with 2 x 45 MHz. We got the indication that a 2x90 MHz duplexer is possible for the extension of band 1, so it is expected that a 70+90MHz duplexer will also be possible. However, the insertion loss will be higher than a band 1 or band 4 duplexer due to the larger bandwidth. Therefore it may be useful to specify the reference sensitivity level slightly higher than in band 4, but more investigation on such a duplexer would be required.
· Using intra-band non-contiguous CA should be straight forward from software point of view and would have the same effort as when implementing a new band with intra-band NC CA
· Inter-band CA seems to be quite straight forward as well, but on the hardware side it would be preferred with a low band as otherwise a quadplexer would be required.
· The solution using the same TX carrier frequency for two DL frequencies and the solution to use different UL and DL bandwidth would require some modifications of the software as this kind of variable duplex spacing and bandwidth is currently not implemented, however, this is seen as a quite simple solution on the RF side.

4. Option 3: 85+90 (1695 - 1780 MHz / 2110 - 2200 MHz)
This Option is an extension of band 4 by 25MHz where the RX band is extended by additional 20MHzat the top end and the TX band is extended by 15MHz at the lower end. Therefore the UL band is 85MHz wide and the RX band is 90MHz wide. 

The additional 20MHz DL and 15MHz UL can be used by pairing the new AWS3 UL with the AWS4 DL using variable duplex spacing and perhaps different bandwidths in the UL and DL while using the original band 4 and the new paired AWS3 spectrum as an extended band 4 with 400MHz duplex distance. 
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One example (but there are plenty of other possibilities) for the additional 20MHz DL and 15MHz UL: 

UL: 1695-1700MHz, DL 2180-2185MHz ( 5+5MHz, 485 MHz duplex spacing
UL: 1700-1705MHz, DL 2185-2190MHz ( 5+5MHz, 485 MHz duplex spacing
UL: 1705-1710MHz, DL 2190-2200MHz ( 5+10MHz, 487.5 MHz duplex spacing
Another possibility is to pair the UL AWS3 with the paired AWS3 spectrum using different bandwidths:

UL: 1695-1700MHz, DL 2155-2165MHz ( 5+10MHz, 462.5 MHz duplex spacing

UL: 1700-1705MHz, DL 2165-2175MHz ( 5+10MHz, 467.5 MHz duplex spacing
UL: 1705-1710MHz, DL 2175-2180MHz ( 5+5MHz, 470 MHz duplex spacing
There are plenty of other possibilities to arrange the UL and DL, some of these are shown below. However, all of these require different UL and DL bandwidths combined with variable duplex spacing, both are currently not defined in 3GPP specs and will require at least changes in RAN4 while RAN2 impact needs to be evaluated.
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Of course all possibilities discussed above for option 2 on the separate usage of the AWS4 DL band can be used here as well, but then the new AWS3 UL band will not be used. In that case the AWS3 UL band could be used separately from the AWS4 DL. 
These are other possibilities to use the AWS3 UL, but they are not recommended:
· intra-band non-contiguous UL CA ( NC UL CA has been specified in rel. 12. However, it is a very complex and expensive thing to build in the UE and it requires significant additional maximum power reduction (A-MPR) to fulfill the spurious emissions requirements which degrades its use in the network. Therefore 2UL intra-band NC CA is generally not recommended to deploy.
· inter-band UL CA with another band, preferably a low band, as the combination with a high band would require a quadplexer. This is similar to an uplink only band. However, it is specified that before an UL is started, there need to be a downlink to which it is connected. Therefore it seems there is some additional specification work also in other RAN groups required to enable such a behaviour.
Technically the new band plan option 3 will have these implications on the UE side:

· The larger bandwidth will require new duplexers with 85 MHz for the TX and 90MHz for the RX

· A 85+90 MHz duplexer seems possible to build, but it will have a higher insertion loss compared to band 4 with 2 x 45 MHz. We got the indication that a 2x90 MHz duplexer is possible for the extension of band 1, so it is expected that a 85+90MHz duplexer will also be possible. However, the insertion loss will be higher than a band 1 or band 4 duplexer due to the larger bandwidth. Therefore it may be useful to specify the reference sensitivity level slightly higher than in band 4, but more investigation on such a duplexer would be required.

· The solutions using variable duplex and different UL and DL bandwidth would require some modifications of the software as this kind of variable duplex spacing and bandwidth is currently not implemented, however, this is seen as a quite simple solution on the RF side.

5. Conclusion
There are plenty of possibilities to use the new AWS3/4 bands that have been described above. From the UE side most of them are good solutions, but some of them should be avoided like the intra-band UL CA since they have significant disadvantages.

Operators have to choose which option of the proposals above they prefer.


