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1 Introduction
The SI for 5G was approved at RAN#71 [1], in which RAN4 is tasked to do the following:

· Fundamental RF aspects – especially where they may impact decisions on the above, e.g., 
· Study and identify the aspects related to the testability of RF and performance requirements
And
(6) Identify relevant RF parameters used to be used for sharing and co-existence studies

To fulfill such tasks, RAN4 needs to perform coexistence study to help derive appropriate RF parameters. In this contribution, we provide our general views.
2 Discussion
2.1 Coexistence Methodology 

When 3G and 4G were introduced, the coexistence methodology used was Monte-Carlo snapshot based simulation [2]. For 5G, we should use the same methodology. 

2.2 Coexistence Scenarios 

In terms of the detailed coexistence scenarios, the following two seem most straightforward as they address the inter-operator coexistence:

1)
Coexistence in the same geographical area with GERAN/UMTS/LTE on adjacent channels.

2)
Coexistence in the same geographical area between two 5G systems on adjacent channels

It is well known that the three typical use cases for 5G are

-
eMBB (enhanced Mobile Broadband)

-
mMTC (massive Machine Type Communications)

-
URLLC (Ultra-Reliable and Low Latency Communications)

Based on the previous experience on RF coexistence, there does not seem to be a strong need for conducting coexistence study for all the three above cases as long as both BSs and UEs share similar RF requirements such as TX power, ACLR, ACS/blocking, etc. For instance, when MTC was introduced for LTE, there was no coexistence study performed. In addition, deployment scenarios for mMTC and URLLC need further study. For the time being, it seems reasonable to focus the initial coexistence study on the eMBB use case. If the need for other cases arises later on, we can add additional study.
For the eMBB case, there are currently 5 deployment scenarios under discussion in [3], i.e. indoor hotspot, dense urban, rural, urban macro and high speed. We propose to focus on urban macro and rural at first. 
Proposal 1: It is proposed to focus the initial coexistence study on eMBB urban macro and rural scenarios.
Besides the inter-operator coexistence, it is worth discussing the intra-operator coexistence. For example, there could be commercial interest from operators to allow the support in a single continuous block of spectrum all three services, which will use different numerologies and couldn’t guarantee orthorgnality. In this case, how to minimize the guard band between two adjacent services while ensuring good performance of each service, i.e. without severe interference from neighboring services becomes critical. In the ongoing NB-IoT work, similar analysis is being performed for the in-band and guard band coexistence cases.
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2.3 Carrier Frequency

As 5G systems are expected to be deployed on frequencies below and above 6GHz, we need to consider coexistence on these frequencies. If Proposal 1 is agreeable, then we can take a look at the potential carrier frequency candidates accordingly [3].
For urban macro, currently around 2GHz and 4GHz are being considered for below 6 GHz and around 30 GHz is being considered for above 6 GHz. 

For rural, currently around 700MHz and 4GHz are being considered for below 6 GHz. Note there is no frequency considered for above 6 GHz due to the large coverage requirement.
Therefore, we can see that there are 3 carrier frequencies, i.e. 700MHz, 2GHz and 4GHz are considered for below 6GHz and 30GHz for above 6GHz. For below 6GHz, we may further consider some down-selection if this is preferred by the group. After all, in the SI phase, the main question to answer is feasibility and more coexistence study is expected in the WI phase. Note also that for above 6GHz, another candidate frequency being considered for indoor hotspot is around 70GHz. However, the current channel model under study seems to suggest that the large scale propagation models are either independent from frequency, or is a function of the frequency. Therefore, it seems reasonable at this point to focus on 30GHz for above 6GHz. We can revisit this assumption after the channel modeling work in RAN1 concludes and add other frequencies if there is indeed significant difference in propagation characteristics that is due to different frequencies. 
Proposal 2: It is proposed to focus on 700MHz/2GHz/4GHz (with some down-selection) for below 6GHz and 30GHz for above 6GHz. 

2.4 Some Key Simulation Assumptions
We give our considerations for some key assumptions other than the carrier frequency that are required in the simulations.

2.4.1 Propagation model 
For below 6GHz, we can refer to the existing model in [2] or [4], depending on the scenarios and carrier frequency. 
For above 6GHz, there are two options. We can either wait to refer to the agreed model when the RAN1 channel model SI concludes or refer to some external study conclusions that are mature enough. 

2.4.2 Channel bandwidth
It is ok to assume 20MHz for single carrier and 40MHz to 100MHz for CA below 6GHz as a starting point. For above 6GHz, due to the availability of large spectrum blocks, perhaps we can consider the channel bandwidth in the range of 200MHz and 1GHz.
Once the channel bandwidth is agreed upon, we can start working on the ACLR/ACS modeling that depends on the channel bandwidth.

2.4.3 The number of TRXs
This could be the number of TRXs, or antenna elements, or digital antenna ports, depending on the context of discussion. Note that there may not be one-to-one mapping among the three terms. While in previous LTE/LTE-A coexistence study, there is only 1TX assumed for both BS and UE; for 5G the starting point for the discussion on the number of antenna elements is as follows:

· ~30 GHz & 70 GHz

· NB: Up to 256 Tx and Rx antenna elements

· UE: Up to 32 Tx and Rx antenna elements

· ~4 GHz

· NB: Up to 256 Tx and Rx antenna elements

· UE: Up to 8 Tx and Rx antenna elements

· Sub 1 GHz

· NB: Up to 64 Tx and Rx antenna elements

· UE: Up to 4 Tx and Rx antenna elements

Although the exact number is yet to be agreed due to concerns expressed on the resulting array size and thus its feasibility in the implementation and deployment, it is pretty clear that we are going to deal with a significant increase of TRXs in order to meet the 5G SE requirement. Thus how to model such a large number of TRXs in the coexistence study needs to be carefully considered to strike a balance between accurate modeling of the 5G system and some sort of simplification of the simulation to avoid overly complicating the simulation efforts.
2.4.4 Power control

As with previous coexistence study, power control plays a very important role in the coexistence simulation. As RAN1 may take quite some time to get to the discussion of power control and there may not be a final conclusion in the SI phase, one option we could consider without having to wait is to use the existing power control scheme in [2] as a starting point.
2.5 Other tasks
As requested in [3], RAN4 will need to provide key RF parameters for ITU WP 5D to conduct sharing study for IMT-2020 systems in the frequency range between 24.25 GHz and 86 GHz. As such, it is believed that for coexistence between 5G and other non-3GPP systems, the studies will be carried out outside RAN4. This is also in line with the common practice adopted in the course of the LTE SI phase.
3 Conclusion

In this contribution, we provide our views on how RAN4 should carry out the 5G coexistence study, ranging from methodology, scenarios and assumptions, etc. We hope to encourage more discussions in order to have a common understanding for this topic. In particular, we also have two proposals for consideration: 
Proposal 1: It is proposed to focus the initial coexistence study on eMBB urban macro and rural scenarios.
Proposal 2: It is proposed to focus on 700MHz/2GHz/4GHz (with some down-selection) for below 6GHz and 30GHz for above 6GHz. 
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