3GPP TSG-RAN WG4 Meeting #85                                            R4-1712979
Reno, USA, 27 Nov - 01 Dec, 2017
Source: 
Huawei, Hisilicon
Title: 
Further consideration on band plan for 37-43.5GHz
Agenda Item:
9.2.1.1
Document for:
Approval
1 Introduction
In RAN4#84 meeting, it was agreed the 40GHz frequency range is extended to 37-43.5GHz [1]. However, the band plan for the whole frequency range is not decided yet. This contribution provides our consideration on the band plan for 37-43.5GHz based on [2].
2 Discussion

In Berlin meeting, a WF on 39 GHz band definition was agreed [3]. It mainly addresses the interest of US market. However, we see the requests of China and EU would be extended to the frequency range above 40GHz. In the following sections, firstly we give the status of 37-43.5GHz around world, and then we provide the technical analysis for the implementation feasibility of the band plan for this frequency range. 
2.1 Status of 37-43.5GHz around world
CEPT (European Conference of Postal and Telecommunications) supports sharing and compatibility studies for the bands listed in Resolves 2 of Resolution 238 (24.25-27.5 GHz, 31.8-33.4 GHz, 37-43.5 GHz, 45.5-50.2 GHz, 50.4-52.6 GHz, 66-76 GHz and 81-86 GHz), with the focus on the frequency bands 24.25-27.5 GHz, 31.8-33.4 GHz and 40.5-43.5 GHz.
The RCC (Regional commonwealth in the field of communications) Administrations consider it is reasonable to perform studies on IMT system compatibility first of all in the frequency bands 24.25 – 27.5 GHz, 31.8 – 33.4 GHz, 40.5 – 42.5 GHz and 66 – 71 GHz, where global harmonization could be achieved
ASMG (Arab Spectrum Management Group) Supports initiating studies in the frequency bands listed below, which are included in Resolution 238 (WRC-15):

24.25 - 27.5 GHz

31.8 - 33.4 GHz

40.5 - 42.5 GHz

42.5 - 43.5 GHz
ATU (African Telecommunications Union) preparatory meeting for the WRC19 in September this year agreed to:

· Designate the 26 GHz (24.25-27.5 GHz frequency range) and 40GHz band (37-40.5, 40.5-42.5 and 42.5-43.5 GHz frequency range) as a priority candidate for IMT identification under Resolution 238 (WRC15).
CITEL: an informal statement that the Administration is considering possible Preliminary Proposals on specific themes, were provided from Brazil, USA, Columbia, and Mexico, generally supporting the studies for all the AI 1.13 frequencies bands listed under Resolution 238 including 37-43.5GHz
APT: APG19-2 (July 2017) received preliminary views from nine administrations on the agenda item. Among those, five administrations stated their priority bands for sharing studies.
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2.2 Technical analysis
During the SI study, PA efficiency is the main concern to decide the band plan for C-band. The ratio of the bandwidth vs. center frequency of the frequency range or Fractional Bandwidth is an important metric. For 37-43.5GHz, the fractional BW is about 16%. Usually 15% is the limit to achieve a balance between the power efficiency and output power as well as the impedance matching. In [4], the proposed empirical fractional BW is about 10% for above 6GHz, however, as mmWave bands are newly allocated for IMT application, further analysis is needed for the implementation feasibility. 
Power efficiency of the PA usually is a main factor in consideration of the band plan, but it is well known that the PAE for mmWave is very low considering the state of the art technology. Then the main concern is the wide band implementation feasibility. Comparing to the two overlapping PA structure to cover a wide band as we used for other band plan discussion, a single wide band definition without PA structure limitation is more attractive for vendors especially for the UE side. 
Wide band impedance matching is the key point to determine the PA implementation feasibility. The most famous matching theory is Fano’s limits. Taken into consideration of PA’s equivalent circuit, equation for Fano’s type A mismatched loads can be utilized to evaluate the feasible fractional BW [5]. 
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where f0 is the center frequency. With Fano theory, the fractional BW shall meet the equation below: 
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( is the reflection coefficient. Q factor is related to the matching network for the mismatched loads. 
In last RAN4 meeting, we proposed to consider a whole NR band covering 37 to 43.5GHz, the fractional BW is about 16%, but some companies worried it may be too difficult to implement. Here we also consider a smaller range of 37 to 42.5GHz with a 14% fractional BW.

Based on the Fano equation, the curves of Fractional BW vs. Q factor with different reflection coefficient or VSWR values are given in Figure 1. 
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Figure 1 Fractional BW vs Q factor
For a certain Fractional BW, the Q factor shall be less than a value according to the Fano equation above. It is noted that reflection coefficient ( also plays an important role in the equation. For commercial available mmWave PA, the typical return loss is about 10 dB, and the identical VSWR is around 2. Table 1 shows the typical return loss for a commercial available mmWave PA [6]. 
Table 1 Specification for a commercial available mmWave PA
[image: image5.png]Parameter Max Units
Frequency 405 GHz
Small Signal Gain ' dB
Saturated Output Power 2 33 dBm
Tnput Return Loss 0 a8
Output Return Loss 10 @B





Figure 2 PA Return loss vs. Frequency at mmWave
However, to achieve a better performance, we use VSWR of 1.5 in the analysis, which represents the return loss around 14dB. Under this condition, for Fractional BW of 16% for 37~43.5GHz, the Q factor should be less than 12, while for Fractional BW of 14% for 37~42.5GHz, the Q factor should be less than 14. 
After inquiring the main stream PA vendors, it could be difficult to achieve Q factor below 12 for 37~43.5GHz for the time being, but it is ok to meet the required Q factor 14 for 37-42.5GHz. It is worth noting that as the 5G commercial deployment is speeding up, the RF component maturity will make fast progress. It is expected that achievable wide band PA covering the whole frequency range of 37~43.5GHz will emerge in a few years. 
With consideration of the status of 37~43.5GHz spectrum around the world, especially to meet the request from both China and EU, and considering the implementation capability, we suggest to define two bands to cover the whole frequency range of 37-43.5GHz, i.e,
· Band x: 37-42.5GHz

· Band y: 40.5-43.5GHz

Proposal It is proposed to define two NR bands covering 37-43.5 GHz, i.e. 37-42.5GHz and 40.5-43.5GHz.
3 Conclusion

Consideration on band plan for 37-43.5GHz is provided in this contribution. With consideration of the status of 37~43.5GHz spectrum around the world, and considering the implementation capability, we suggest to define two bands to cover the whole frequency range of 37-43.5GHz.
Proposal It is proposed to define two NR bands covering 37-43.5 GHz, i.e.
· Band x: 37-42.5GHz

· Band y: 40.5-43.5GHz
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