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1. Introduction
Way Forward [1] from last meeting covers the different ways bands could be defined for the 3.3-4.2GHz frequency ranges. This contribution provides further input to justify the need for allowing a two sub-band approach beyond the elements already provided in [2].
2. Discussion
Way Forward [1] has listed the 3 possible options to define bands for the 3.3GHz to 4.2GHz frequency range:

Based on online [1-7] and offline discussions, there were two proposals to specify the band in the range of 3.3-4.2 GHz:
· Proposal 1: To specify two different bands below with a note indicating that “A UE supporting Band X shall also support Band Y and vice versa”.
· Band X: 3.3-3.8 GHz
· Band Y: 3.6-4.2 GHz
*No additional switch loss is assumed. 
· Proposal 2: To specify 3.3-4.2 GHz as a single band
One of options below should be selected considering their pros/cons in RAN4#83.
· Option 1: Proposal 1
· Option 2: Proposal 2
· Option 3: Proposal 1 & 2 (which means specifying three different bands and the NW needs MFBI)
2.1. Justification for Supporting 3.3-3.8GHz and 3.6-4.2GHz Band Definition
2.1.1. Reuse of 3.3-3.8GHz Sub-band for LTE Bands 42/43/48
Although at first hand using two sub-bands may look as a cost adder. This band split enables the consolidation of the LTE B42/48 with the lower 3.3-3.8GHz band and B43 with either 3.3-3.8GHz or 3.6-4.2GHz sub bands. This makes the overall phone design simpler and is cost neutral versus a full band NR only case. Using sub-band filters the legacy LTE B42/43/48 bands would not suffer from higher insertion losses due to wide filter bandwidth.
Observations 1: Split band enables consolidation of LTE Bands 42, 43 and 48 with the NR lower sub-band enabling simple phone design and no cost overhead.

2.1.2. Support of Legacy B42 and B43 CA Combinations and Handling of Critical Blocking Cases

Figure 1 depicts an LTE CA-41A-42A issue where an IMD3 product of B41 UL and the OOB blocker (-20dBm) falling in band 42. This requires sufficient attenuation from the RX filter at frequencies up to 3.145GHz. in this case using a narrower 3.3-3.8GHz allows propoer attenaution qand is not the case with the full band definition
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Figure 1: IMD3 issue with B41 UL PCC signal and out of band blocker falling at B42
It is to be noted that the same issue arises for B41+B43 and the blocker attenuation must then be achived 100MHz higher in frequency getting very close to 3.3GHz. In this case using the upper 3.6-4.2GHz sub-band allows sufficient attenuation.
It is to be further noted that NSA operation of LTE B41 with 3.3-4.2GHz NR frequency range is also foreseen creating further IMD3 issue.

Figure 2 depicts an LTE CA-28A-42A issue where an IMD2 product of B28 UL and the OOB blocker (-20dBm) falling in band 42. This requires sufficient attenuation from the RX filter at frequencies starting at 4.103GHz thus not compatible with a 3.3-4.2GHz band which thus would eliminate the possibility to consolidate B42 with NR bands. Otherwise the lower 3.3-3.8GHz sub-band works. It is to be noted that the aircraft Altimeter signal can be one of these blockers.
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Figure 2: IMD2 issue with B28 UL PCC signal and out of band blocker falling at B42

It is to be further noted that NSA operation of LTE B28 with 3.3-4.2GHz NR frequency range is also foreseen creating further IMD2 issues.

Noting that NSA combinations are dual connectivity with two UL the wider 25% bandwidth will be prohibitive in terms of harmonics or IMD related issues with some of them that are not relevent as they cannot exists in the same geographical area.

Observation 2: Split sub-band filtering enables better support of CA critical combinations with B42 and B43, but also simplifies harmonic and IMD related issue in dual connectivity NSA operation.
2.1.3. Support of HPUE in 3.3-3.8GHz Sub-band

When implementing HPUE, it can be confined to the lower 3.3-3.8GHz sub band and its performance benefit from the smaller bandwidth. Also the upper sub-band can stay optimized for 23dBm operation.
Observation 3: The two sub-band approach enables better implementation of HPUE in lower sub-band and mitigates the overhead for the part of the band where HPUE is not supported by regulation

2.1.4. Safe Radio Altimeter Coexistence for 3.3-4.2GHz Sub-band

As discussed in greater details in [3], the coexistence with Airplane Radio Altimeter in the 4.2-4.4GHz frequency range is still considered critical and using a 3.3-3.8GHz sub-band filter guarantees safe operation of LTE and NR in this sub-band in proximity to airplanes. This sub-range has a world-wide footprint.
Observation 4: Two sub-band operation guarantees safe coexistence with radio altimeters for the lower sub-band that has a worldwide footprint eliminating or reducing the need of coordination with airport locations.
2.1.5. Support of NSA of B42/B43 LTE with 4.4-4.99GHz NR
NSA operation of band 42 and 43 with 4.4-4.99GHz NR range is enabled by the two sub-band approach since the frequency separation allows concurrent operation via diplexing. At this moment synchronization between LTE and NR TDD is not granted.
Observation 5: Lower sub-band filter enables NSA operation between B42/43 and 4.4-4.99GHz NR frequency range as synchronous LTE/NR operation is not granted.

2.1.6. Better performance for diplexing with LTE bands <2.7GHz

In order to achieve NSA of any LTE band <2.7GHz with the 3.3-4.2GHz NR frequency range the NR receive filter needs to achieve at least 35dB attenuation at 2.7GHz assuming that the diplexer will provide the extra 15dB required. To achieve this with a full band filter higher insertion loss will be experienced at the lower edge of the band, this can be best optimized with the reduced filter bandwidth of 3.3-3.8GHz, the upper 3.6-4.2GHz filter benefits of a further 300MHz separation and thus the design can be focused in providing attenuation above the band.
2.1.7. Higher overall performance

A wide band filter covering 3.3GHz to 4.2GHz will need to provide large attenuation at 2.7GHz and 5.15GHz to enable NSA operation and concurrent operation with WiFi but also enable legacy B42/43 CA with B46. This is without accounting for attenuation needed to blockers described in 2.1.2 or aircraft altimeter described in 2.1.4. This will come at the expense of higher loss on the band edge. If this can be a deliberate choice for operation in regions which already have large bandwidth to support this will increase insertion loss in the 3.3-3.6GHz frequency range for regions that do not need to support the extended range above 3.8GHz.
Similarly the reduced fractional bandwidth from 25% to 14% of the two sub-band approach will provide improved insertions loss, better PA PAE performance for NR which is already challenged by by higher PAPR wavefroms and larger bandwidths.

Observation 6: the lower fractional bandwidth of the two sub-band approach provides better overall performance for the PA and the filters, maximizing PAE (especially for the HPUE case) and reducing insertion loss

2.1.8. Limitations

The two sub-band approach has no limitation for European 3.4-3.8GHz range , the Chinese 3.3-3.8GHz range, the Korean 3.4-3.7GHz and US 3.5-375GHz range and any bandwidth can be supported.
In Japan 400MHz can be supported in 3.4-3.8GHz and 3.6-4.2GHz, 400MHz allocation in 3.5-3.9GHz cannot be supported but is unlikely since 3.4-3.6GHz has already been allocated to multiple operators for LTE band 42 as described in Table 1.The only constraint for Japan is to implement MFBI in the Network.

Table 1: B42 allocation in Japan

	Operator
	New Spectrum
	Operator A
	Operator B
	Operator C

	Allocation
	3.4-3.48GHz
	3.48-3.52GHz
	3.52-3.56GHz
	3.56-3.6GHz


Observation 7: all regions but Japan will not see limitation in bandwidth allocation. Limitation of 400MHz aggregation is confined to a small part of the Japanese band and is unlikely given the LTE allocation already present.
2.2. Proposed way forward
Although full band approach is feasible there is significant benefits with the two sub-band approach which can be cost neutral when LTE B42/43/48 are consolidated in the NR lower sub-band path. The two approaches offer different performance trade off will little to no cost differences. Limitation on bandwidth aggregations beyond 200MHz are small and may not be relevant since 3.4GHz to 3.6GHz ranges has already been allocated to LTE operation to multiple operators in regions where spectrum is available beyond 3.8GHz.
Proposal 1: The two sub-band approach must be supported to enable best performance in 3.3-3.8GHz range.

· Best performance: insertion loss, diplexing with <2.7GHz bands, radio altimeter protection
· enable B42/43/48 consolidation and HPUE implementation in the lower sub-band

· optimal cost/performance implementation of an LTE/sub-6GHz NR UE. 
· It also enables a smooth introduction of NR in the 3.3 to 4.2GHz frequency range. 
Proposal 2: Proposal 1 can be supported by either option 1 or 3 of the R4-1704410 way forward
3. Conclusion
This contribution discusses the benefit of using a two sub-band approach for the 3.3-4.2GHz NR frequency range. It shows that it offers better cost/performance trade-off than a full band approach once LTE Bands 42/43/48 are consolidated, and furthermore esases the introduction of HPUE for the lower sub-band. Following proposals are made:
Proposal 1: The two sub-band approach must be supported to enable best performance in 3.3-3.8GHz range.

· Best performance: insertion loss, diplexing with <2.7GHz bands, radio altimeter protection

· enable B42/43/48 consolidation and HPUE implementation in the lower sub-band

· optimal cost/performance implementation of an LTE/sub-6GHz NR UE. 

· It also enables a smooth introduction of NR in the 3.3 to 4.2GHz frequency range. 

Proposal 2: Proposal 1 can be supported by either option 1 or 3 of the R4-1704410 way forward
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