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1. Introduction
RAN#82Bis 3.5 GHz band arrangement was discussed. There were mainly two proposals, one to split the full range 3.3 – 4.2 GHz in to two parts and define only one unified band. Way forward [1] was agreed with the key message that the options should be studied and one them or combination of both will selected in RAN4#83. WF included also some conditions e.g. that front end losses in these options under consideration shall be equal. In this paper we provide further analysis and proposals for band arrangements and feasible reference architecture.   
2. Discussion

For simplicity, we denote band names as in Figure 1. X2 and Y2 is there for reason we will explain below. 
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Figure 1 Temporary band notations

European allocation is confined in band X and Japan allocation extend the full band Z with existing B42 being deployed and new allocation coming from 3.6 to 4.2 GHz. For Japan market, UE is preferred to support the full band Z range. However, as explained in [2], single PA implementation is challenging if not impossible given that there is a request to PC2 support [3].
In discussion in RAN4#82Bis, many options how to support this full band was discussed. From EU point of view, at least understanding tradeoffs in supporting full band compared to 3.4-3.8 GHz was requested. One options which was left out from WF [2] was so called sub-band approach where one single band would be defined but for intra-band CA, some restrictions on applicable aggregated channels would apply. This was not seen a good approach since sub-band approach has never been defined for single band but it has been only used in conjunction with interband CA, e.g. CA_19A-28A in 36.101. 

Band Z with single PA architecture was discussed in [4] so we will not consider that as feasible option but discuss on the key aspect of interband CA between bands X and Y.

2.1. DL Interband CA between X and Y
To enable CA, both branches need to be active at the same time. The switch described in Figure 2 (a) therefore need to be replaced with diplexer or some similar component that allows concurrent signal split between two bands. Based on vendor data, this would require large guard band in between bands, in the order of 200-300 MHz. To support also both bands fully, parallel implementation with switch would be needed. 
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Figure 2 Reference architectures for two band approach and sub-band approach
This approach would exclude significant part of the band since in CA_X-Y case, X and Y would have restricted bandwidth. One example is shown in Figure 3
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Figure 3 Band arrangement for CA_X-Y

This unlikely to be acceptable given that Japan NR allocation is from 3.6-4.2GHz. 
In addition, in two band option compared to single band X, there is either an additional TX/RX switch included in the signal path or then the antenna switch must have double the number of throws and number of band filters is doubled. The first option does not agree with the WF agreement where it says no additional losses are allowed due to full band Z  support compared to lower band X support. Latter adds also some signal path losses due to additional throws in antenna switch but they are quite small, problem is more the amount of HW increase. 

Observation 1: There is no feasible way to support CA between bands X and Y

2.2.   Single band approach
If the requirement is to aggregate in DL with out significant gaps the full band Z range, it seems other solutions need to be considered. Beyond single band approach, there is only sub-band approach that can enable aggregation of channels for full bands range. Without any major compromises, LNA can support full band Z. A feasible architecture for sub-band approach is shown in Figure 1 (b). 
Observation 2: Feasible way to support aggregation in DL for full frequency range is to define single band for DL and allow some UL restrictions based on two PA architecture 
2.3. Trade-offs compared to band X support 

In the case of single band, performance tradeoff compared to band X only implementation comes from added signal path loss is due to larger filter passband IL at the edges. In Table 1 we tabulate filter passband IL for different band options. Out of band isolation performance is the same for all filters. 
Table 1 Filter pass IL for different band arrangements

	 
	Vendor A
	Vendor B

	 
	Typical IL (dB)
	Worst case IL (dB)
	Typical IL (dB)
	Worst case IL (dB)

	Z: 3.3-4.2 GHz
	1.25
	1.6
	1
	1.3

	X2: 3.3-3.7 GHz
	1.17
	1.45
	0.9
	1.2

	Y2: 3.7-4.2 GHz
	1.23
	1.6
	0.9
	1.2

	X: 3.3-3.8 GHz
	1.17
	1.45
	0.9
	1.2

	Y: 3.6-4.2 GHz
	1.23
	1.6
	0.9
	1.2


In addition to this there is LNA frequency response which is approximately 0.2 dB worse at the band Z edges compared to band X and band Y only. In conclusion, we observe that the performance tradeoff is 0.3 dB (from filter WC IL) + 0.2 dB from LNA edge of band performance.
Observation 3: Performance trade-off for supporting single band Z in comparison to band X is 0.3 + 0.2 dB = 0.5 dB in noise figure. 
With observations 1 and 2, we propose the following

Proposal 1: For cases when DL carrier aggregation is needed for frequency range 3.3-4.2 GHz, two PA and single LNA reference design is selected and requirements are developed accordingly
2.4. Overlapping region for UL
The UL restrictions will mean that no UL CA is possible over the boundary. In original range for X and Y, this would mean no UL CA is possible from < 3.6 to > 3.8 GHz. We would like to further discuss the selected range split. We are not very convinced 3.6 and 3.8 are the correct boundaries. The overlap must be equal to max channel BW which is now agreed as 100 MHz in chairman notes from RAN4#82Bis so only 100 MHz overlap would be needed to cover full band seamlessly. Looking at spectrum holdings, we propose the following split:

Proposal 2: UL overlap region is 100 MHz and lower part is 3.3 – 3.7 GHz and upper part is 3.6-4.2 GHz.    

3. Conclusion
We discussed feasibility of frequency range 3.3-4.2 GHz and made two observations:

Observation 1: There is no feasible way to support CA between bands X and Y
Observation 2: Feasible way to support aggregation in DL for full frequency range is to define single band for DL and allow some UL restrictions based on two PA architecture

Observation 3: Performance trade-off for supporting single band Z in comparison to band X is 0.3 + 0.5 dB = 0.8 dB in noise figure 
And two proposals

Proposal 1: For cases when DL carrier aggregation is needed for frequency range 3.3-4.2 GHz, two PA and single LNA reference design is selected and requirements are developed accordingly
Proposal 2: UL overlap region is 100 MHz and lower part is 3.3 – 3.7 GHz and upper part is 3.6-4.2 GHz.    
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