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1
Introduction
The 3.5 GHz TDD band (i.e., Band 42) is now being developed under the assumption that inter-operator TDD networks are synchronized in the band [1]. However, in actual deployment, there are some scenarios when such synchronization is difficult to implement:
· Complex situation in cross-border coordination,

· Different DL/UL ratio among operators depending on their policies of network operation,
· Difficulty of network synchronization without GPS signal,:
· It would be difficult to receive GPS signals in indoor BS cases, such as femto and pico.

· There is no other network synchronization mechanism to be implemented easily.
· Furthermore, it would be difficult to introduce mandatory synchronization as a regulation.

An alternative solution is to operate unsynchronized TDD networks, however, it requires sufficient size of guard bands between operators in order to avoid UE-UE co-existence problem. The situation to avoid UE-UE co-existence problem in unsynchronized TDD networks is similar to that of FDD, i.e., uplink/downlink separation. In case the number of operators in a band is increased, the total size of required guard bands in TDD band arrangement would be much larger than that of FDD. From these points of views, FDD band arrangement is essential to be developed in the 3.5GHz band.
2
FDD operation
2.1 The possibility to overcome 10 MHz duplexer gap at 3.5 GHz

So far, the discussion of FDD specification has remained stagnant due to the narrow duplex gap of 10 MHz at a high frequency such as 3.5 GHz as shown in Figure 2.1-1. If we assume temperature drift of -30 ppm/℃, then, the shift amount would be 30 x 3505 MHz x 115℃(from -30℃ up to +85℃) = 12.1 MHz. In addition, production variance needs to be taken into account. Furthermore, under such severe conditions, the duplexer is required to have necessary characteristics such as Tx – Ant attenuation and so on. Thus, just the thought about the temperature drift, a single duplexer of 2 x 90 MHz with 10 MHz duplex gap would be difficult to be realized even with the current state of the art technology at this stage, although we do not have to give up single duplexer realization for the frequency arrangement in the future.
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Figure 2.1-1 the original frequency arrangement of 3.5 GHz FDD
It should be noted that even Dual duplexer architecture, Half Duplex, application of A-MPR and the combinations of these solutions could not overcome this 10 MHz duplexer gap due to the following reasons.

· Dual duplexer: Still UE to UE co-existence can not be overcome.

· Half Duplex: Self-desense is no longer a problem. However, even LPF and HPF have the same restriction due to the temperature drift and so on as those of duplexer. Therefore, still UE to UE co-existence can not be overcome.
· Application of A-MPR: As can be seen in Figure 2.1-2, if terminals utilize the upper edge of the UL frequency range, then, large power reduction would be required to satisfy spurious emission band UE co-existence limit without duplexer help. If we do not provide some protection for terminals utilizing the lower edge of the DL frequency range, then, they would receive interference at a high level. As a whole, this method will cause small coverage and capacity problem for both aggressor and victim terminals.
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Figure 2.1-2 SEM & spurious emission limits in 3.5 GHz

2.2 What is the minimum required duplexer gap at 3.5 GHz?
Taking into account the future advanced technology, we expect that the duplexer with 20 MHz duplexer gap would be feasible even at 3.5 GHz as shown Figure 2.2-1.
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Figure 2.2-1 minimum required duplexer gap at 3.5 GHz

In order to realize a single duplexer of 2 x 80 MHz with 20 MHz duplex gap, the following two kinds of advancements from the current technology are required.

· Future technology 1: improved resonant Q(x 1.4)

· Future technology 2: improved temperature drift (1/3 = -10 ppm/℃)

Here we show one of the simulation results of a single duplexer as shown in Figure 2.2-2, where the above two kinds of advancements are applied. 
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Figure 2.2-2 simulation results of a duplexer for 80/20/80 MHz frequency arrangement at 3.5 GHz

Note that ETC is Extreme Test Condition including temperature drift and NTC is Normal Test Condition, i.e., typical value. It also should be noted that production variance is not taken into account. Thus, it would be feasible to realize 80/20/80 MHz frequency arrangement, although the frequency arrangement is still not an easy one to be implemented. Therefore, it is highly desirable that FDD frequency arrangement in the 3.5GHz band is fixed as soon as possible in order to facilitate further development of such duplexer.
3
Why FDD is necessary?
In Section 2, we proposed minimum required guard band for FDD operation. In this section, we compare the required guard bands for FDD and TDD operations. It should be noted that in the comparison below, we just focus on the guard band in frequency domain. However, every TDD case requires some guard time in time domain.
· Case 1: Synchronized TDD:

· Guard band is not required.
· It should be noted, however, there are some scenarios when such synchronization is difficult to implement.

· Case 2: Unsynchronized TDD:

· Case 2-1: Utilizing the terminals for global use (i.e., a single band plan)
· It would require large guard band associated with no help from filter attenuation within pass band.

· For 20 MHz channel bandwidth case, even with 25 MHz guard band, still only -30 dBm/1MHz is guaranteed (i.e., general spurious emission requirement). Thus, large A-MPR is required in addition to the guard band.
· Case 2-2: Utilizing the terminals for operator and/or region specific uses (i.e., multiple band plans)
· Guard band would be around 20 MHz with each lower and upper side of the allocated transmit channel to an operator. If the number of operators is five using 20 MHz channel bandwidth respectively, then the required guard band is about 100 MHz.

· Note that the above estimation depends on allocated spectrum to each operator, spurious emission band UE co-existence requirements and allowable A-MPR and so on.

· It also should be noted that in general, multiple bands specific to operators and/or regions would be necessary for this case.

· Case 3: FDD(including Half duplex)

· The minimum guard band is about 20 MHz for uplink and downlink separation without requiring any inter-operator network synchronization.

Based on the brief comparison above, FDD operation is quite useful:
· Different from synchronized TDD operation, no network synchronization is required which leads to flexible deployment for operators.

· Compared to unsynchronized TDD operation, better spectrum use can be achieved.

4
How to handle the original frequency arrangement
The one remaining issue for FDD is that the proposed band at 3.5 GHz is 90/10/90 MHz frequency arrangement. On the other hand, 80/20/80 MHz would be the limit even with consideration of the foreseeable future advanced technology. Therefore, we need to take into account how to handle the remaining 2 x 10 MHz bandwidth. From a simple consideration, our conclusions are as follows.
· Conclusion 1: creating a new band (UL: 3410 – 3490 MHz, DL: 3510 – 3590 MHz) would be realistic.
· Note: Spurious emission band UE co-existence requirement should be also applied to the remaining 10 MHz x 2. (i.e., protected frequency range is 3510 – 3600 MHz)
· Conclusion 2: In the future, if we find some solution to solve 10 MHz duplexer gap, then another new band ( UL: 3410 – 3500 MHz, DL: 3510 – 3600 MHz) could be created. This is almost the same way as that of Band VI and XIX.
5
Conclusion

In this contribution, we considered the feasibility of FDD frequency arrangement in the 3.5GHz. We conclude the followings.

· FDD frequency arrangement is essential:

· Different from synchronized TDD operation, no network synchronization is required which leads to flexible deployment for operators.

· Compared to unsynchronized TDD operation, better spectrum use can be achieved.

· Required guard band:
· At least 20 MHz with the future advanced technologies for FDD.

· Handling of the original frequency arrangement

· Creating a new band (UL: 3410 – 3490 MHz, DL: 3510 – 3590 MHz) would be realistic.

· Note: Spurious emission band UE co-existence requirement should be also applied to the remaining 10 MHz x 2. (i.e., protected frequency range is 3510 – 3600 MHz)

· In the future, if we find some solution to solve 10 MHz duplexer gap, then another new band ( UL: 3410 – 3500 MHz, DL: 3510 – 3600 MHz) could be created.
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