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Introduction
In RAN#65, the extended band plan, 2x90MHz, was approved in the condition stated in [1] as “The starting assumption is that we will have the 2x90 Band Plan, however, in the 1st Phase of the work we will evaluate potential impacts on 1920-1980 MHz, 2110-2170 MHz before making a final decision on the Band Plan. If any impact on performance or any changes w.r.t. existing requirements of Band-1 are found, then we will re-visit the Band Plan assumption.”

In RAN4#72bis meeting, various implementation issues regarding 2x90MHz band plan were discussed [13-16]. A wayforward document [17] was proposed; however no consensus was agreed in order to study implementation possibilities furthermore. In this paper, we propose a wayforward to proceed with RAN4 specifications based on 2x90MHz band plan.

Discussion
Duplexer implementation options
In RAN4#72bis meeting, we have analyzed several duplexer implementation options [14]. We do not repeat all the options in this paper but we present three options, 2x60+2x50, 2x60+2x70 and 2x60+2x90 on the dual duplexer assumptions as shown in Figure 1.



Figure 1: Three duplexer options and limitations in CA capabilities
In all the three options, the same duplexer as Band 1 is assumed for the lower duplexer of the new band. As we already analyzed in [14], this is the most common understanding to support this band without affecting Band 1 performance requirement such as insertion loss and the coexistence with Band 34.
 
The pass-band bandwidth of the upper duplexer is different in the three options, which corresponds to the different CA capability. The minimum 50MHz is required to support 20MHz CC anywhere in the band, 70MHz is required to support contiguous CA with 2 CC, and 90MHz  is required to support non-contiguous CA and contiguous CA for 3 or more CCs.

The pass-band of upper duplexer is more related to the UE capability, therefore we observe the following.

Observation 1: Several implementation options exist for the UE duplexer architecture to support 2x90MHz band plan. Each option has different capability in intra-band CA support. However, in RAN4 specification, a particular duplexer implementation does not need to be agreed.

Duplexer Insertion loss
Some simulation data of the duplexer insertion loss have been already provided to RAN4 for 50, 70, and 90MHz pass-band bandwidth [7-11]. So far it is expected that the duplexer with 90MHz pass-band has larger insertion loss than Band 1 duplexer with the current technology. Thus, a larger relaxation value than Band 1 may be required to support the non-contiguous CA or contiguous CA with more than 2 CCs. However, it is not urgent to specify these CAs in this band. Therefore, we propose we wait the technology development before including these CAs. We assume the same insertion loss as Band 1 when these CAs are ready to be specified. These intra-band CA can be introduced without impacting Band 1 performance once the technology is matured.
Proposal 1:  Regardless of duplexer implementation options in UE, the insertion loss  shall be the same as Band 1 today for the entire 90MHz.

PA Switch
One possible issue in dual duplexer architecture is a switch loss [12,14,15]. Figure 2 illustrates a common PA architecture for the dual duplexer where an extra switch is required. On the other hand, Figure 3 shows another architecture with dedicated PAs where no extra switch is required. The dedicated PA is a possible architecture but is not a typical architecture due to increased component cost. 
As no impact to Band 1 is the assumption for the 90MHz band plan, it is proposed that we do not include any performance degradation such as MOP relaxation compared to Band 1 regardless of the UE implementation options.
Proposal 2:  Regardless of PA switch implementation options in UE, the switch loss shall not be taken into account in specifying UE RF requirement.



Figure 2: split-duplexer approach using one antenna-switch port with a common PA



Figure 3: split-duplexer approach using one antenna-switch port with dedicated PAs

UE spurious emission requirement and A-MPR
The UE-to-UE coexistence has been already addressed in [2] where the required A-MPR values to protect Band 34 have been studied. The A-MPR simulations are done for several emission levels and frequency separations assuming no filter attenuation. In case the uplink transmission is within 1920-1980MHz (and the downlink reception in 2110-2170MHz), the Band 1 duplexer can be reused to have filter attenuation to Band 34. Therefore the coexistence requirement with Band 34 can be reused from Band 1, i.e., the existing spurious emission level -50 dBm/MHz can be maintained without A-MPR for the Band 1 frequency range of the 2x90MHz band plan.
This assumption shall be based on the channel bandwidth configuration. In other word, it cannot be based on UL/DL allocation in TTI basis. Once the channel bandwidth overlaps with 1980-2010/2170-2200MHz, it is not possible to use the Band 1 duplexer since the duplexer switching is not possible in TTI basis.
Observation 2: It is difficult to protect Band 34 without A-MPR in case the channel bandwidth is not confined in Band 1 frequency range; otherwise Band 1 coexistence requirement with Band 34 can be maintained. 
Proposal 3: A-MPR shall not be introduced for the coexistence with Band 34 in case the channel bandwidth is within Band 1 frequency range.

Conclusion
We have revisited UE implementation analysis for the 2x90MHz band plan. We observe and propose the following.

Observation 1: Several implementation options exist for the UE duplexer architecture to support 2x90MHz band plan. Each option has different capability in intra-band CA support. However, in RAN4 specification, a particular duplexer implementation does not need to be agreed.
Proposal 1:  Regardless of duplexer implementation options in UE, the insertion loss  shall be the same as Band 1 today for the entire 90MHz.
Proposal 2:  Regardless of PA switch implementation options in UE, the switch loss shall not be taken into account in specifying UE RF requirement.

Observation 2: It is difficult to protect Band 34 without A-MPR in case the channel bandwidth is not confined in Band 1 frequency range; otherwise Band 1 coexistence requirement with Band 34 can be maintained. 
Proposal 3: A-MPR shall not be introduced for the coexistence with Band 34 in case the channel bandwidth is within Band 1 frequency range.
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