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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. It is expected that deployment of NR to cover a wide array of spectrums from low frequency bands where current mobile networks operate (below 6GHz) to new mmWave spectrum (above 6GHz). It is very likely that for early sub 6GHz 5G deployments, both 5G and LTE will need to be deployed in the same or overlapping spectrum. This contribution discusses requirements and technical solutions relating to dynamic spectrum sharing between LTE and NR.
2 Coexistence of NR and LTE
One possible solution for deploying NR and LTE in the same spectrum is to have a static partitioning between technologies as shown in Figure 1. Over time the partition may be updated (e.g. as more NR-capable devices enter the network).
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Figure 1. Co-Existence of NR 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. 
Figure 2 illustrates the dynamic adaptation of the partitioning based on the amount of legacy LTE traffic.
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Figure 2. Dynamic Partitioning of LTE and NR
One mechanism for achieving dynamic spectrum sharing is 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. 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 2. In spite of this restriction this dynamic spectrum sharing technique greatly increases the utilization of the spectrum. 
Other even more dynamic mechanisms may also be supported for NR to utilize resources not occupied by LTE transmissions on the same carrier. For example an eNB may utilize regions of the LTE frame structure which do not necessarily contain transmissions of any physical signals and channels for NR transmissions instead. Examples of such configurations include LTE MBSFN subframes and LTE UL subframes. This LTE/NR multiplexing can be more dynamic than SCell activation/deactivation since it is handled by the eNB scheduling and the NR frame structure is expected to be more flexible and ‘self-contained’ than LTE, but it does imply some level of interworking between the NR/LTE resource allocation configurations. In addition, the level of synchronization required between LTE and NR eNBs should be further studied.
Such a per-TTI dynamic sharing can be done by coordinating the LTE and NR transmissions via three different mechanisms:
A. Co-locating the NR and LTE scheduling 

B. Via the X2 interface (or the evolved version of the X2 interface in the new RAN architecture)

C. Over the air

Of these, A) and B) do not impact any RAN1 specification where C) does requires RAN1 specification. Also, over the air coordination is desirable since this does not require LTE and NR scheduling and transmission to be handled by a single eNodeB, nor does it require an ultra-low latency transport between them, thereby providing much more flexibility in their deployment. This can even allow NR and LTE to be deployed on different tiers (e.g. macro and pico) and share the same channel. 

While the discussion so far has centred on existing LTE features, for efficient NR/LTE co-existence several key NR features should also be supported. To support the dynamic partitioning shown in Figure 2, in order to turn off part of the NR 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 NR carrier to accommodate the LTE transmissions. Whether or to what extent this awareness of the NR carrier bandwidth adaptation for UEs that are not in ‘CONNECTED’ state should be further studied along with requirements on initial access and other related synchronization and ‘IDLE’ state procedures. In addition, re-configurable RRM/CSI measurement bandwidth is needed to ensure that RRM and CSI measurements are NOT performed over the part of the NR carrier that is turned off.
More flexible adaptation of time/frequency resources could also be exploited for NR than is possible for LTE. For example the NR frame structure should support the ability to dynamically turn off part of the carrier, potentially at the granularity of subcarriers. The NR UE should be able to handle dynamic on/off of the subcarriers (for example those that overlap with the LTE carrier in the case of MBSFN subframes or the control region of UL subframes) 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 to the UE when the sub-carriers are turned on and off. 
Proposal: Mechanisms for dynamic adaptation/configuration and coordination of time and frequency resources including system and RRM/CSI measurement bandwidth should be supported for NR to ensure efficient co-existence of LTE and NR on the same frequency spectrum.
3 Conclusion
This contribution discussed requirements and technical solutions relating to dynamic spectrum sharing between LTE and NR. The following proposal was made:
Proposal: Mechanisms for dynamic adaptation/configuration and coordination of time and frequency resources including system and RRM/CSI measurement bandwidth should be supported for NR to ensure efficient co-existence of LTE and NR on the same frequency spectrum.
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