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1
Introduction
The channel arrangement for the 2GHz band in Region 1 and Region 3 has been discussed intensively during the last RAN4 meetings.  The SI for Region 1 was closed at RAN#64 and a WI was approved [1]. Two candidate band plans are to be considered by RAN4
· 30x30 MHz (1980-2010 MHz uplink and 2170-2200 MHz downlink)

· 90x90 MHz (1920-2010 MHz uplink and 2110-2200 MHz downlink)

In this contribution, we analyze and compare the two alternatives. We propose a 2 x 90 MHz band plan since this
· can build on the Band 1 ecosystem, no hard boundary to B1

· can be implemented as overlap with Band 1 or single filter

· does not increase of UE complexity compared to B1 + 2 x 30 MHz

The 2 x 90 MHz band is not intended as a replacement of Band 1 (the band plan allows implementations that maintain performance in the Band 1 range).

2
Discussion 
2.1
Spectrum usage 

To maximize flexibility in terms of carrier placement (assignment), a 2x90MH is recommended. This band plan allows allocations of carriers anywhere within 1920-2010MHz without any hard boundary to the MSS part. A 2x30MHz band plan precludes from allocations with central frequencies around 1980MHz. For the later band plan, carriers can be placed either within 1920-1980MHz (Band 1) or 1980-2010MHz (2GHz allocations).
To allow for intra-band CA between allocations within 1920-1980MHz and 1980-2010MHz, the same filter needs to cover all component carriers. Intra-band contiguous aggregation of 2 x 20 MHz across the full 2 x 90 MHz band can be supported by the UE either by a split duplexer with 40 MHz overlap or by a full-band filter. The upper duplexer would then cover 1940-2010 MHz, a pass band of similar size as Band 1. In order to support intra-band non-contiguous aggregation across the 90 MHz, a single duplexer is needed. Figure 1 illustrates the possible UE implementations to allow for CA between carriers within 1920-1980 and 1980-2010MHz. 

· Figure 1a, 

· Single carrier within 1920-1980 OR 1980-2010MHz 

· No CA between 1920-1980MHz and 1980-2010MHz

· Figure 1b, 

· Carriers anywhere within 1920-2010MHz

· Contiguous CA within 1920-2010MHz
· Figure 1c, 

· Carriers anywhere within 1920-2010MHz

· Contiguous and NC- CA within 1920-2010MHz
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Figure 1: UE duplexer implementation of Band 1+MSS spectrum: 1a) Band 1 duplexer+2x30MHz duplexer; 1b): Split duplexer; 1c) Single duplexer
2.2
UE implementation complexity 

Assuming a 2x30MHz band plan definition, UEs will implement both Band 1 and the 2x30MHz band (as in Figure 1a). This translates in hardware terms in two duplexers. For a 2x90MHz band plan, UEs do not require to implement Band 1 explicitly to cover the band 1 frequencies. Implementations can be done with a split duplexer (see Figure 1b). A possible implementation could be two 2x60MHz duplexers, where the lower duplexer is the current Band 1 duplexer and the upper duplexer is a band 1 duplexer shifted upwards in frequency. Another alternative could be a 2x60MHz lower duplexer and a 2x70MHz upper duplexer. An alternative is a single duplexer to cover 2x90MHz (Figure 1c)
The duplex filter arrangement will not be explicitly specified in 36.101. The filter arrangement in an implementations will depend on the capability of the UE, e.g. if intra-band contiguous or non-contiguous aggregation is supported (see figures above). Band 1/I is one of the 3GPP core bands and thus currently implemented in all UEs. Band 1 is often used as a reference and is a constituent band in many band combinations for carrier aggregation. Therefore a split duplexer implementation with an upper filter overlapping with the Band 1 filter (or a multiplexer) would be a likely implementation of a 2 x 90 MHz band.
The number of components needed to support Band 1 and a 2x30MHz band plan is the same as to support a 2x90MHz band plan arrangement with split duplexer, see Figure 2 and 3
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Figure 2: UE implementation of a 2x90MHz band with split duplexer
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Figure 3: UE implementation of a Band 1+2x30MHz bands

2.3
How to specify the band  

We recommend to specify the band plan as 2x90MHz with the following conditions:
· In 2110-2170MHz range keep Band 1 UE REFSENS
It is also achievable and preferred to keep the Band 1 REFSENS within 2170-2200MHz
· Include NS signalling 
· NS_x to protect Band 34 (E-UTRA @1980-2010MHz)
This NS would also be needed in the 2x30MHz band plan scenario

· Study the need of  NS_y to protect Band 34 (E-UTRA @1920-1980MHz). This may be needed depending on the emission level to protect band 34, i.e. -40dBm/MHz and under the assumptions of a single duplexer implementation. If an split duplexer implementation is possible, the UE need not apply any power back-off in the Band 1 range.
3
Proposal
A 2x90MHz band plan allows for more flexibility from a spectrum usage. It allows to allocate a carrier anywhere within 1920-2010MHz. In addition, it also includes the possibility of intra-band contiguous CA anywhere within 1920-2010MHz. NC CA is also possible with this band plan but requires a 2 x 90 MHz filter. This flexibility is precluded with a 2x30MHz band plan 
The UE implementation complexity for a 2x90MHz band plan compared to the support of Band 1 together with a 2x30MHz band plan is not necessarily increased. In addition, the Band 1 REFSENS can be kept within 2110-2170MHz.
In conclusion, a 2x90MHz band plan is proposed as the band plan for the 2GHz spectrum in Region 1. 
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