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Introduction
RAN#90e has approved the study item on extended 600MHz NR band [1] in order to respond to the LS by APT/AWG [2]. In the LS, two suggested frequency arrangement options (Option B1 and B2) are presented for 3GPP to study. The suggested arrangements are the extension of band n71 and are harmonized with APT700 band plan to utilize the band up to 703 MHz.
Option B1:
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Option B2:
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In the approved scope of SID [1], it is also considered not to preclude other arrangement. 
In the last RAN4#98e meeting, there was also a proposal to consider two band approach (called Band 71 + Band nX) to cover the extended frequency. However, while discussed this in APT/AWG, such approach is low priority and is only recommended only when the option B1 and B have severe difficulties.
In this contribution, the feasibility of option B1 and B2, as well as whether other possible options are feasible is discussed considering the latest input from APT/AWG.
Discussion
3GPP has already specified a 600 MHz band n71 aligned with FCC rules. The ecosystem of band n71 is expected large and should be maximally reused in other regions in order to avoid the market fragmentation of the band. However, the 700 MHz band plan is different between FCC and other regions. APT700 is adopted other than in the regions using FCC based 700 MHz band plans. The request by APT/AWG is to study a band for APT up to 703 MHz, i.e., 5 MHz extension of band n71.
Observation 1: The ecosystem of band n71 should be maximally reused for APT.
Option B1 is to extend the uplink up to 703 MHz and downlink down to 612 MHz. Therefore, the centre gap size is maintained but the duplex distance is changed by 5 MHz. In typical UE implementation, the duplex distance is not variable; it is difficult to reuse the band n71 design for variable duplex. Furthermore, the existing duplexer design for band n71 is already quite challenging due to small gap and large passband bandwidth. Even if the centre gap is maintained, the relative passband bandwidth ratio, i.e., the passband bandwidth vs carrier frequency should be at most in an order of 4% to achieve decent performance in insertion loss and isolations. The band n71 design is already stretched out. 
APT700 study [3] has shown that an additional extension (from 30 to 32.5 MHz) results in the large degradation in its insertion loss performance. The worse is expected for the extension of n71 passband bandwidth. The single full duplexer for option B1 is considered the most challenging filter design ever as discussed in RAN4#98e and supported by majority view [5].
Observation 2: The passband bandwidth extension is not practically feasible without significant degradation from band n71 due to its larger insertion loss.
Since Option B1 downlink is down to 612 MHz, it may require vacating an addition TV channel, e.g., CH37 in case of FCC arrangement. It’s been unclear if consensus can be made about how many broadcast channels can be vacated in APT regions. For extending band n71, it is proposed to focus on the extension up to 703 MHz.
Option B2 is based on the dual duplexer architecture similar to APT700. The lower duplexer is the same as band n71. The centre gap of the frequency arrangement is reduced by 5 MHz, however, the gap for each duplexer is maintained. The advantage of this architecture is that the duplexer performance is maintained due to the same gap and passband for each duplexer. Therefore, this option is more harmonized with band n71 in terms of UE implementation and duplexer performance. Disadvantage of Option B2 is an additional component cost in UE implementation due to additional duplexer and switch. Duplexer switch is anyway needed for multiband capable UE and one more duplexer should not add more loss. Therefore, UE RF performance of Option B2 should be aligned with n71.
Option B2 is a natural extension of n71 and UE capable of B2 can also support n71. B2 capable UE can be roamed into the network only deployed with band n71. Furthermore, the network deploying B2 can also accept the roaming UE only capable of n71 using the MFBI mechanism; i.e., network broadcasts both n71 and B2 band. Thus the addition of B2 is not harmful to n71 ecosystem. In summary, it is discouraged for APT/AWG to proceed with B1.
Observation 3: Option B2 is more harmonized with band n71 in terms of UE implementation and duplexer performance.
Observation 4: Option B2 is a natural extension of n71 and is not harmful to n71 ecosystem. 
Proposal 1: Option B1 shall be discouraged for APT/AWG to proceed.

There are several options in the upper duplexer passband bandwidth in option B2. The selection of the bandwidth can be up to UE implementation as far as UE can support the maximum channel bandwidth of the band in any carrier frequency. If the upper duplexer bandwidth is only 10 MHz, 20 MHz channel bandwidth 683-703 MHz cannot be supported because such channel bandwidth is not covered in the upper duplexer of 10 MHz; only one of the duplexers can be activated by switching. If the maximum channel bandwidth is 20 MHz, the passband of upper duplexer shall be at least 20+5=25 MHz. If the upper duplexer passband bandwidth is the same as the lower duplexer (i.e., n71 duplexer = 35 MHz), then any channel bandwidth of n71 can be supported in APT600 as well. We can assume that the upper duplexer passband 35 MHz for the requirement baseline but actual implementation can be left to UE vendors.
Observation 5: The upper duplexer passband bandwidth can be up to UE implementation as far as UE can support any channel bandwidth in any carrier frequency within the band and can meet the same requirement as band n71 for the entire frequency range.

The UE RF requirement such as MOP and REFSENS are closely related to the insertion loss of the duplexer. It can be par with n71 if Option B2 dual duplexer is assumed. Only frequency extension should be assumed.
Proposal 2: UE RF requirement such as MOP and REFSENS shall be the same as n71.
A potential issue is the protection of own downlink band at the level of -50 dBm/MHz, which is required for band n71 UE. The 6 MHz frequency gap between UL and DL in Option B2 is challenging for UE filter design to protect its DL band in the second duplexer, i.e., the frequency range of 652-657 MHz cannot be protected by UE using the first duplexer, in the same way as the UE using the second duplexer. 
One solution previously used is the introduction of NS and A-MPR, e.g., NS_39 for band n74. The NS can indicate the protection level of its own downlink band and allowed power reductions. Such NS can be only used when 652-657 MHz needs to be protected by the UE using the first duplexer, therefore, there is no impact or change to UE operation for n71 by not using such NS. In case -50 dBm/mMHz level is too stringent or requires too large A-MPR, the relaxation of protection level can be further considered (like done in NS_39, where -28dBm/MHz is used). There is also some relaxed protection level to -40 dBm/MHz for nearby bands protections.
Proposal 3: For the protection of own downlink band, NS and A-MPR solution is further studied.

There has been a proposal to consider two band approach (called Band 71 + Band nX) so that the extended frequency range is covered by a new band nX. Such approach is also technically feasible as the second duplexer in Option B2 can be defined as a new band. However, this is not a favored solution by APT/AWG [8] and should be down prioritized in RAN4 study.
It is our view that options other than B1 and B2 do not need to be studied in RAN4, since option B2 looks sufficient to proceed this study for APT/AWG. For example, a single duplexer 617-657/663-703 MHz might be considered with 40 MHz passband. Such implementation is not precluded as far as the same requirement as B2 is fulfilled. However, if such implementation is considered as baseline, the relaxation of the performance is required, which is against maintaining the ecosystem of band n71 as in observation 1 and proposal 2.
Observation 5: Single duplexer implementation is not excluded as far as the requirement baseline based on dual duplexer assumption is fulfilled.
Proposal 4: Other duplexer implementation than B2 is not precluded but the frequency arrangement and RF requirement baseline should be based on Option B2.
Conclusion
In this contribution, the feasibility of duplexer for frequency arrangement option B1 and B2 has been discussed. The following observations and proposals have been presented.
Observation 1: The ecosystem of band n71 should be maximally reused for APT.
Observation 2: The passband bandwidth extension is not practically feasible without significant degradation from band n71 due to its larger insertion loss.
Observation 3: Option B2 is more harmonized with band n71 in terms of UE implementation and duplexer performance.
Observation 4: Option B2 is a natural extension of n71 and is not harmful to n71 ecosystem. 
Proposal 1: Option B1 shall be discouraged for APT/AWG to proceed.
Observation 5: The upper duplexer passband bandwidth can be up to UE implementation as far as UE can support any channel bandwidth in any carrier frequency within the band and can meet the same requirement as band n71 for the entire frequency range.
Proposal 2: UE RF requirement such as MOP and REFSENS shall be the same as n71.
Proposal 3: For the protection of own downlink band, NS and A-MPR solution is further studied.
Observation 5: Single duplexer implementation is not excluded as far as the requirement baseline based on dual duplexer assumption is fulfilled.
Proposal 4: Other duplexer implementation than B2 is not precluded but the frequency arrangement and RF requirement baseline should be based on Option B2.
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