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1 Introduction
5G is expected to cover a wide array of spectrums from low frequency bands where current mobile networks operate (below 6GHz) to new mmWave spectrum (above 6GHz). As far as spectrum below 6GHz is concerned it is our observation that it is very unlikely that substantial amount of spectrum will be available for 5G deployment in some countries such as the US. Therefore it is very likely that in these countries for the early sub 6GHz 5G deployments, both 5G and LTE will need to be deployed in the same or overlapping spectrum. One example of this could be the PCS band where there is a total of 2x60 MHz of spectrum. In the PCS band it is quite likely to deploy a single 5G carrier with overlapping spectrum with one or more 20MHz LTE carriers. This contribution recommends requirements relating to this aspect of dynamic spectrum haring between LTE and the next generation RAT and for its inclusion within the 3GPP RAN Next Generation Study Item that will be approved in March 2016 [1] [2].

2 Discussion
From our past experience we have seen that it is a cumbersome task to clear spectrum in order to deploy a new generation of technology particularly if the requirement is to clear upward of 20MHz of spectrum. This isn’t the case if green-field spectrum is available for the new generation, but as stated previously this might not be the case with 5G in some countries. One possible solution is to have a static partitioning between technologies as shown in Figure 1‑1. 
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Figure 1‑1 Co-Existence of 5G and LTE

However such a static partition is not optimal as it usually leads to loss in efficiency so we further require that the partitioning between the 5G and LTE be dynamic, i.e. can be achieved within RRC timescales. In a following section we will provide more details on how such a dynamic partitioning and co-existence can be achieved between LTE and 5G. The dynamic adaptation of the partitioning based on the amount of legacy LTE traffic is shown in Figure 1-2.
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Figure 1‑2 Dynamic Partitioning of LTE and 5G

We can achieve this dynamic spectrum sharing by utilizing SCell activation and deactivation of LTE. This implies that without requiring any additional functionality of LTE beyond Rel 13 such dynamic spectrum sharing is possible as long as the LTE carrier is configured on SCell. 

In the beginning when a 5G carrier is deployed its utilization is usually low due to device penetration. So it would be a waste of spectrum to run a wide 5G carrier with low utilization when spectrum is such a precious resource. By allowing one or more LTE carriers configured as SCell to occupy the same spectrum we prevent this scenario when the spectrum is not fully utilized. However when a burst of traffic arrives the LTE SCell(s) is turned off thereby allowing 5G to utilize the full spectrum. Once the burst of data is delivered the LTE SCell(s) can be turned back on turning off part of the 5G carrier. It should be noted that because of RRM and control plane requirements it may not be possible to turn off the entire 5G carrier as shown in Figure 1‑2. In spite of this restriction this dynamic spectrum sharing technique greatly increases the utilization of the spectrum. 

In order to facilitate such a dynamic spectrum sharing there are some requirements/features that we need to enable in a Next Generation RAT.

1. Re-configurable System Bandwidth: In order to turn off part of the 5G carrier we need to allow the system bandwidth to be RRC reconfigurable. This will allow the UEs that are in ‘CONNECTED’ state to recognize the change in the bandwidth of the 5G carrier. The ability to allow UEs that are not in ‘CONNECTED’ state is FFS.
2. Re-configurable RRM/CSI Measurement Bandwidth: Once part of the 5G carrier is turned off we will need to ensure that RRM and CSI measurements are NOT performed over the part of the 5G carrier that is turned off.

3 Proposal
To this end, we propose the following requirements for inclusion within the RAN 5G Study Item:

1. Next Generation RAT should be able to dynamically turn off part of the carrier. The 5G UE should be able to handle dynamic on/off of the subcarriers (those that overlap with the LTE carrier) and this should not impact any measurement procedure, e.g. CSI measurement, RRM/RLM measurements. This can be handled blindly by the UE or can be explicitly signaled by the 5G network to the UE when the sub-carriers are turned on and off. 

2. A new interface between the LTE eNodeB and 5G base station will be needed for the signaling. When the LTE SCell(s) is de-activated then the 5G carrier can use the entire spectrum. Similarly when the LTE SCell(s) is activated the 5G carrier needs to stop using those sub-carriers. Even though it is likely that 5G and the LTE carrier will come from the same hardware, logically the 5G base station and the LTE eNodeB are separate entities. This implies we will need to have this new interface. Note that the current LTE eNodeB does not have such an interface so this needs to be developed along with the Next Generation RAT. However this interface is on the network side and does not impact the devices. 

3. Synchronization between LTE eNodeB and 5G base station should be studied in order to achieve such dynamic spectrum sharing between them. 
4 Conclusion
3GPP TSG RAN #71 is requested to consider including the proposed requirements within the 3GPP RAN Next Generation Study Item [2].
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