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1    Introduction

In last RAN4#82bis meeting, WF on 3.3-4.2 GHz NR spectrum was approved [1], there are two proposals and three options to specify the band in the range of 3.3-4.2GHz. One is to specify two different bands, Band X (3.3-3.8GHz) and Band Y (3.6-4.2GHz). And the other one is to specify Band Z (3.3-4.2GHz) as a single band. 
In this contribution, we discuss NR band definition for 3.3-4.2 GHz according to three options mentioned above.
2    Discussion
As stated in [2], 3.5GHz coverage is UL limited, both for the Control Channel and the Traffic Channel. Considering the technical status of industry chain, in order to reduce the big imbalance between 3.5GHz 5G NR uplink and downlink coverage, we proposed to specify UE with +26dBm maximum output power for 3.5GHz in Rel-15 NR WI. So 3.5GHz NR band definition should also consider the support of HPUE.
2.1 The HPUE solution for Option 1
According to Option 1 shown in Figure 1 as below, we preliminary calculated the Relative Bandwidth of Option 1, which has been shown in Table 1. 
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Figure1:  Option 1 to specify the band in the range of 3.3-4.2 GHz

	PA
	Frequency Range (GHz)
	Relative Bandwidth

	Option 1
	3.3-3.8
	14.1%

	
	3.6-4.2
	15.4%


Table1:  The Relative Bandwidth of Option 1
Since the relative bandwidth is around 15%, it seems that the ceramic filters should be considered to be used. And one possible block diagram for Option 1 is shown in Figure 2 as below. The PA1, LNA1 and filter1 should follow the requirements for Band X (or Band Y), and the PA2, LNA2 and filter2 should follow the requirements for Band Y (Band X).
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Figure2:  One possible block diagram for Option 1
Observation 1: Option 1 could be realized by integrating 2 PA dies and used to realize 3.5GHz 5G NR HPUE.
The co-existence issue with radio altimeter in 4.2-4.4GHz was raised in last meeting. Whether the study is needed is still under discussion. If two different bands were specified (option 1), there is no co-existence issue between Band X (3.3-3.8GHz) and 4.2-4.4GHz.
Observation 2: There is no coexistence issue between Band X (3.3-3.8GHz) and altimeter in 4.2-4.4GHz.
For the option1 note “A UE supporting Band X shall also support Band Y and vice versa”, it seems that such restriction is out of RAN4 scope. If 3.3-4.2GHz was separated into two different bands, we should not restrict the realization of UE.
Observation 3: If the 3.3-4.2GHz was separated into two different bands, we should not restrict the realization of UE.
In addition, Option 1 is suitable for resolving the problem of regulatory protection. Since the regulatory limits for the HPUE exist in some region, in order to meet the demand of different operators, Power Class 2 could be realized in Band X (3.3-3.8GHz) while Power Class 3 could be realized in Band Y (3.6-4.2GHz). The potential solution is shown in Figure3 as below. 
[image: image3.png]PC2_PA_OUT

PC3_PA_OUT

>

5

PC3_filter

PC2_filter

T/R switch
/.
/.

PC3_LNA

PC2_PA_IN
PC3_PA_IN

PC3_LNA_OUT

PC2_LNA_OUT




Figure3:  One possible block diagram which could realize both Power Class 2 and Power Class 3 in the same UE
Proposal 1: For Option 1, Power Class 2 can be considered in Band X (3.3-3.8GHz) in Rel-15, while Power Class 3 can be considered in Band Y (3.6-4.2GHz).
2.2 The HPUE solution for Option 2
According to Option 2 shown in Figure 3 as below, we preliminary calculated the Relative Bandwidth of Option 2, which has been shown in Table 2. 
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Figure3:  Option 2 to specify the band in the range of 3.3-4.2 GHz
	PA
	Frequency Range (GHz)
	Relative Bandwidth

	Option 2
	3.3-4.2
	24.0%


Table2:  The Relative Bandwidth of Option 2
Since the relative bandwidth is far more that 15%, it seems that the ceramic filters should also be considered. Compared with Option 1, Option 2 has a much bigger ‘Relative Bandwidth’, which will lead to worse PAE penalty and more difficult implementation of PA and filters. One possible block diagram for Option 2 is shown in Figure 4 as below. 
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Figure4:  One possible block diagram for Option 2
The feasibility of defining 3.3 GHz-4.2GHz frequency range as a single band with a single PA was discussed in previous meeting. A single band with one PA could be used to realize 3.5GHz HPUE, which need to consider the PA efficiency and gain flatness.

Observation 4: Option 2 could be realized by one PA die and used to realize 3.5GHz 5G NR HPUE, which need to consider the PA efficiency and gain flatness.
There is another possible block diagram for Option 2, that is 2 PA dies are integrated together to realize Band Z. For this solution, being different from the solution for Option 1, the 2 PA dies will follow the same requirements and work in coordination to realize a single band in Band Z. 
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Figure4:  A potential 2-die block diagram for Option 2
Observation 5: Option 2 could be realized by integrating 2 PA dies and used to realize 3.5GHz 5G NR HPUE.

No matter 1-PA-die block diagram or 2-PA-die block diagram is used to realize Option 2, the same requirements should be followed. The requirements will be specified based on the performance of the 1-PA-die solution.
Regarding UE power class, in order to meet the demand of different operators, both Power Class 2 and Power Class 3 should be specified for Band Z (3.3-4.2GHz) in Rel-15.
Proposal 2: For Option 2, both Power Class 2 and Power Class 3 should be considered in Band Z (3.3-4.2GHz) in Rel-15.
2.3 The comparison between Option 1 and Option 2
Option 1 with two different bands allows 2-PA-die implementation, which can reduce the design difficulty to some extent. According to our analysis in section 2.1, option 1 is beneficial for resolving co-existence issues and meeting different demand of UE power class. 
Compared to Option 1, option 2 with a single band covering 3.3-4.2GHz is beneficial for global harmonization and can achieve good economy of scale. Option 2 with one-PA-die solution has a much simpler spec and block diagram, but the PA efficiency and gain flatness need to be considered carefully. Option 2 with 2-PA-die solution could have bigger chances to realize better performance than the 1-PA-die solution. In addition, Option 2 will help to realize a good economy scale.
Observation 6: Both Option1 and Option 2 can meet the demand at this stage.
Proposal 3:  There is no need to consider Option 3 in Rel-15.
3   Conclusions
According to our analysis, we get the following observations and proposals:
Observation 1: Option 1 could be realized by integrating 2 PA dies and used to realize 3.5GHz 5G NR HPUE.
Observation 2: There is no coexistence issue between Band X (3.3-3.8GHz) and altimeter in 4.2-4.4GHz.
Observation 3: If the 3.3-4.2GHz was separated into two different bands, we should not restrict the realization of UE.

Proposal 1: For Option 1, Power Class 2 can be considered in Band X (3.3-3.8GHz) in Rel-15, while Power Class 3 can be considered in Band Y (3.6-4.2GHz).
Observation 4: Option 2 could be realized by one PA die and used to realize 3.5GHz 5G NR HPUE, which need to consider the PA efficiency and gain flatness.
Observation 5: Option 2 could be realized by integrating 2 PA dies and used to realize 3.5GHz 5G NR HPUE.

Proposal 2: For Option 2, both Power Class 2 and Power Class 3 should be considered in Band Z (3.3-4.2GHz) in Rel-15.
Observation 6: Both Option1 and Option 2 can meet the demand at this stage.
Proposal 3:  There is no need to consider Option 3 in Rel-15.
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