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1 Introduction
The study of the NR system was kicked off in RAN4#78 meeting. 
This paper discuss the study scope below 6 GHz, since the band is already widely available to 3GPP technologies, therefore the coexistence requirement is well known. This paper is supplemental to our general discussion paper [1], where the overall scope of NR coexistence study is proposed.
2 Discussion
· Motivation of the NR below 6 GHz.
It has been discussed that the NR access technology is not only intended for the high frequency band but also for the frequency band below 6 GHz, which is conventionally used for various mobile technologies including LTE, UMTS, GSM specified in 3GPP. So far, 3GPP has specified the bands between 452.5 MHz (E-UTRA band 31) and 3800 MHz (E-UTRA band 43) for LTE-Advanced systems up to Release 12. In addition, the unlicensed band for LAA from 5125 to 5925 MHz (E-UTRA band 46) has been recently introduced in Release 13.

These bands specified in 3GPP are the candidates for the NR systems. These bands may not be available to mobile communications today in some regions, but they could be allocated in the future when 5G technology is available. Furthermore, even if the bands are already in use by the legacy mobile systems, there are also interests to refarm the spectrum to 5G for providing better services in the future. 
WRC-15 has identified new frequencies for IMT, which are not yet specified in 3GPP, such as 3300-3400 and 4800-4990 MHz for some countries. These new bands are also candidates for the NR since no mobile network is yet deployed. Furthermore, there is also a working assumption to study the frequency around 4 GHz, which is included as an example band in the NR deployment scenario and evaluation assumption. The frequency range not yet identified may be of interest for future use, too.
It is expected that the below-6GHz band is a good candidate for the wide area coverage of the NR because of its propagation characteristics. Furthermore, the band can be used for the mobility anchor if used together with the higher frequency bands through carrier aggregation or multi-connectivity.
Observation: There are strong motivations to introduce the NR below 6 GHz. 

· Coexistence requirement below 6 GHz
Since the NR study has just been kicked off, it is difficult to conclude what coexistence study shall be made in RAN4 without more detail about the access technology. The bands below 6 GHz are widely used already by 3GPP technologies. Therefore, the framework to introduce new technologies to these bands are well known. Let us discuss the necessary coexistence studies with our best knowledge. As discussed in our general paper [1], we will need to treat the coexistence of NR and NR as well as NR and LTE/UMTS/GSM.
The following aspects should be considered in RAN4 regarding the impacts to the coexistence requirements when we introduce the NR to the bands below 6 GHz.
1) New waveform

2) Channel bandwidth
3) Massive MIMO
It has been discussed to use a new waveform in the NR. The waveform baseline is still OFDM in RAN1 study. The additional spectrum shaping may be applied such as so-called UF-OFDM. The numerology of the NR is under study and it is not necessarily the same as E-UTRA. However, the E-UTRA numerology and waveform are proven and optimized well for the bands below 6 GHz. Thus, a drastic change is not expected but in order to support more flexible and efficient resource usage for more variety of use case scenarios such as low latency or massive connectivity support, some changes or additions may be further supported.
The channel bandwidth is also expected to have little change in NR. The available contiguous spectrum is limited below 6 GHz. It is not foreseen to support wide channel bandwidth, e.g., up to 1 GHz, which is likely only for the band above 6 GHz. In RAN1 evaluation assumption, the component carrier is 20 MHz below 6 GHz band, which is the same as E-UTRA. The wider spectrum support below 6 GHz can be through the aggregated bandwidth over multiple carriers. In E-UTRA, the number of carriers up to 32 is already supported. When we consider the component carrier of 20MHz, the coexistence requirement among 20MHz NR channels would be similar to E-UTRA 20MHz channels. So is the coexistence of NR channel and E-UTRA channel adjacent each other.

We may have a new numerology for a narrower bandwidth in the NR to support various use cases such as mMTC. In Rel-13, NB-IoT has been introduced with 200 kHz bandwidth. If we further introduce a new RAT in a similar way as NB-IoT, the coexistence with the existing RATs (such as LTE/WCDMA/GSM) shall be guaranteed as well as among different numerologies in the NR. However, the assumption made in NB-IoT would be still useful as a baseline in the NR.
Another new aspect is the support of massive antenna array in the frequency below 6 GHz. For example in 4 GHz, 256 Tx/Rx antenna for BS and 8 Tx/Rx antenna for UE are being discussed in RAN1 evaluation assumption. The massive antenna scenario is considered as a natural extension of FD-MIMO and AAS already ongoing in Rel-14. In the Rel-12 AAS study item, the coexistence impact of using active arrays are studied; the conclusion in the coexistence requirement is essentially the same as E-UTRA. Therefore, there would not be a foreseen big impact in the coexistence requirement when we go for the larger number of antennas in the BS. UE antenna array has not been studied in 3GPP in terms of coexistence. The change from 2 Tx antenna to 8 Tx antenna would possibly increase the maximum antenna gain. However, when we consider the consistence of the UE, the total transmit power (TRP) matters the most because the total interference is averaged over multiple UEs. Therefore, the impacts of using more number of antennas are likely small in the coexistence requirement.
These aspects should be studied in RAN4 and recommend to discuss further how to conclude the requirement. However, they are not critical in our point of view, since the existing requirement would be largely reused. Therefore, it is not recommended to focus on below 6 GHz and spend a large effort such as extensive simulation works for the coexistence requirement below 6 GHz.

Observation: The coexistence requirements of the NR below 6 GHz are expected similar to the existing E-UTRA requirements. 

Proposal: It is further discussed how to conclude the coexistence requirement below 6 GHz in RAN4; however, the extensive simulation work would not be necessary in RAN4.
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