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1 Introduction

RAN4#81 approved a way forward on NR bands of [1], where there is the following text:
“Operators are encouraged to provide initial inputs of possible frequency ranges or bands for NR deployment in January 2017 RAN4 NR ad-hoc meeting.”
This contribution addresses how to define several potential NR spectra to be available as NR bands. In this contribution, we focus on around 3.5GHz, 4.5GHz and 28GHz.
2 Premise for the NR bands discussion
A significant amount of workload is foreseen for RAN4 in Rel15 NR WI as was mentioned in [2]. Hence, it is natural to come to a conclusion that the fewer number of bands to be defined is more desirable. On the other hand, we believe that it is better to pause and consider why this tough schedule is adopted in 3GPP.  One of the reasons should be to satisfy clear market demands at a designated time. Thus, RAN4 shall take into account that devices which support the bands to be defined in WI shall be available by the start of the deployments.

We address potential NR bands under the following conditions:
1. The number of bands should be as few as possible.

2. RAN4 shall take into account the availability of devices supporting the bands including NSA operation. 
3 Potential bands
Table 3-1 shows information on potential spectrum candidates in several countries. Note that texts in blue, green, orange and red indicate corresponding spectra in around 3.5GHz, 4.5GHz and 26/28GHz, respectively.

Table 3-1: potential spectrum candidates in several countries in around 3.5GHz, 4.5GHz and 26/28GHz
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From Table 3-1, one can easily recognize that there are several options to be adopted as new bands since specific available spectra in each country are not completely the same. As mentioned in the introduction, we focus on around 3.5GHz, 4.5GHz and 28GHz in the Sections to follow.
4 Options
Below 6GHz 
The Figure 4-1-1 illustrates options for below 6GHz to be discussed in this contribution. Note that it is possible to consider other options such as 3.3-3.4GHz as one band. The purpose in this contribution, however, is to aim to obtain as wide passband bands as possible on condition that the premises mentioned in Section 2 are satisfied. 
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Figure 4-1: Options for around 3.5GHz and spectrum situation in Japan
· Option 1: One-band plan: 3.3-4.99GHz(Band “K” in Fig 4-1)
· Option 2: Two-band plan: 3.3-4.2GHz(Band “L” in Fig 4-1) and 4.4-4.99GHz(Band “M” in Fig 4-1)
· Option 3: Three-band plan: 3.3-3.8GHz(Band “N” in Fig 4-1), 3.4-4.2GHz(Band “O” in Fig 4-1) and 4.4-4.99GHz(Band “M” in Fig 4-1)
· It should be noted that LTE Band 42 service has been deployed in Japan. Although potential new additional spectrum starts from 3.6GHz, the current LTE operation for Band 42 would also be replaced by that of for the NR in the future. Hence the 3rd band of “O” in the option 3 has to cover 3.4-4.2GHz, which is quite similar to the band of “L” in the option 2. 
Above 6GHz
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· Option 1: One-band plan: 24.25-29.5GHz

· Option 2: Two-band plan: 24.25-27.5GHz and 26.5-29.5GHz
5 Below 6GHz
Isolation for NSA operation including filter perspective

Figure 5-1 illustrates isolations, their gaps and rough estimation of the isolation for respective gaps. Note that in this frequency range, usage of LTCC is assumed. Hence, keeping passbands within the considered options is not an issue.
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Figure 5-1: Rough estimation for isolation around potential bands
· Option 1: 

· The essential difference between this option and the others is that the band is defined as one single band. Hence, isolation within the band does not have to be considered. Note that this, however, does not provide difference from the option 2 and 3 in terms of filter implementation if DC between “L” and “M”, N” and “M” or “O” and “M” is required, since even the option 2 and 3 cannot provide isolation between the bands. Hence, DC may not be practical anyway while CA may be possible if intra band CA is considered. 

· The isolation between this band and below 2.69GHz bands can be sufficient to conduct DC while the IL is the largest among the options.

· The isolation of “C” between this band and LAA cannot be obtained due to the small gap.

· Option 2 and 3

· From isolation perspective, the option 2 and 3 are quite similar except for the Band of “N”. 

· The implementation of the both option 2 and 3 would be feasible except for satisfying not practical isolations such as B, C and E in the Figure 5-1. Seemingly, the option 3 implementation is even easier than that of the option 2. However, the option 3 eventually has to specify the band of “O” whose frequency arrangement is almost the same as that of the band of “L” of the option 2. Hence selecting the option 2 would not provide advantage we expect, but rather the option 3 requires additional redundant band of “O” instead. 
· The difference between the option 2 and 3 is illustrated in Figure 5-2. As can be seen from Figure 5-2, eventually what we can achieve would be the same regardless of selecting the option 2 or 3 while the option 2 can reduce the number of bands by one compared to the option 3. More specifically, the option 3 shall need three bands: “N”, “M” and “O”. Even “N” in the option 3 was defined, this “N” would not be able to achieve anything more than “L” in the option 2 without “O”. In addition, the frequency arrangement of the “L” of the option 2 and “O” of the option 3 is almost the same. One drawback is that the IL of the “L” could be a little higher than that of “O”.
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Figure 5-2: Difference between the option 2 and 3
PA perspective
Rough estimation of PA feasibility for each option is summarized in Table 5-3. The essential trade-off is freedom of choice of easier implementation and less complexity of implementation. 

If the option 1 was adopted, in order to implement it, the devices would be required to have at least two PAs even if the devices are only for the country whose available spectrum is only a portion of it such as 3.3-4.2GHz for example. 

If either of the option 2 and 3 is selected, the devices allow supporting the band from either of the lower, middle (Only applicable to the band of “O” of the option 3) or higher band. In this case, one common PA would be available to the band of “L”, “N” and “O” for lower side while the other PA would be available to the band of “M”. Hence, the essential difference of the option 2 and 3 would not be the number of PA. In addition, if the PA specific to “N” was developed, the efficiency would be higher than that of PA for “L” or “O”. This difference, however, in the end would disappear once the “O” becomes widely used since the PA would need to deal with both “N” and “O”..Note that the band of “O” is not reflected in Table 5-3 since the tendency is almost the same as that of the band of “L”.
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Table 5-3: Rough estimation of PA feasibility for potential bands

Summary of below 6GHz

Option 1 vs 2&3

They are completely at the opposite position. That is the trade-off between the freedom of easier implementation and less complexity of specifications including the number of CA and DC. 

Observation 1: The option 2&3 would be more reasonable than the option 1 since the technical challenges of the option 1 are not practical and the implementation flexibility is less than that of the option 2 & 3.
Option 2 vs 3

What we can achieve by the option 2 and 3 is similar but there are the following differences. The option 3 requires even more complex specifications than the option 2 since we need one more band to cover at least Japan market and the implementation challenges of the option 3 would not be easier than those of the option 2 since the challenges of the band “L” and “O” are almost the same.
In addition, the above bands will support DC together with the other LTE bands such as Band 1. The number of DC/CA configuration for Japan market would significantly increase, if the option 3 was adopted.
Observation 2: Option 3 will increase the complexity in terms of specification in spite of its freedom of the implementation while the gain would not be what we expect since most terminals may have to support the band of “O”, which is almost the same as that of “L”.

Conclusion

For the above observations, we propose to adopt the option 2.

Proposal 1: Specify the following two bands around 3.5GHz and 4.5GHz in the Rel-15 NR WI.

· The 1st one: 3.3-4.2GHz

· The 2nd one: 4.4-4.99GHz
6 Around 28GHz
Table 6-1 illustrates possible options for around 28GHz band plan.
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Table 6-1: Rough estimation of feasibility for potential bands

In terms of accommodating wider market with a band, the option 1 is quite attractive. In terms of feasibility, however, there will be uncertainties. Here, although we handled PAs and filters in Table 6-1, in practice, other various aspects should be considered in the real implementation. In addition, this is the 1st launch of the mmWave mobile service using 3GPP specifications, hence, adopting the option 1 increases the risk that the devices may not be available just in time for the deployment. Hence we propose the following.

Proposal 2: Specify 26.5-29.5GHz as a band in the Rel-15 NR WI. 

· In the initial phase of the WI, if it is surely confirmed that 24.25-29.5GHz is feasible after the completion of the WI promptly, consider the 24.25-29.5GHz under the condition that the completion date shall not be affected by any changes in the band plan.

7 Conclusion
This contribution addressed how to define several potential NR spectra to be available as NR bands specifically for around 3.5GHz, 4.5GHz and 28GHz. As a result, we propose the followings. Note that the following proposals apply to Rel15 NR WI. The proposals do not intend to preclude to have any other bands that might have to be added in releases 16 and beyond if necessary around the frequency ranges handled in this contribution. 
Proposal 1: Specify the following two bands around 3.5GHz and 4.5GHz in the Rel-15 NR WI.

· The 1st one: 3.3-4.2GHz

· The 2nd one: 4.4-4.99GHz
Proposal 2: Specify 26.5-29.5GHz as a band in the Rel-15 NR WI. 

· In the initial phase of the WI, if it is surely confirmed that 24.25-29.5GHz is feasible after the completion of the WI promptly, consider the 24.25-29.5GHz under the condition that the completion date shall not be affected by any changes in the band plan.
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9 Annex: Filter data

Note that some of the data are not intended to obtain high attenuation to Wi-Fi. 
9.1 Band K(3.3-4.99GHz)
9.1.1 Vendor A
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9.1.2 Vendor B
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9.2 Band L(3.3-4.2GHz)

9.2.1 Vendor A
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9.2.2 Vendor B
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9.2.3 Vendor C
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9.3 Band M(4.4-4.99GHz)

9.3.1 Vendor A
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9.3.2 Vendor B
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