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1 Introduction
At the last RAN #75 plenary meeting, a new work item was agreed to commence normative work towards the New Radio (NR) access technology. According to the work item description, the following is to be specified in Rel. 15 [1]:
	-
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR

-
No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


During the study item phase, the following has already been agreed [2]:
	For LTE and NR coexistence, support the following features in NR design.

-
Adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes

-
Allowing NR transmissions while avoiding OFDM symbols carrying SRS on an UL LTE subframe

For LTE and NR coexistence, in NR design, support of flexible starting point and duration of scheduled resources are considered as a tool to avoid for example the control region of MBSFN subframes and be able to use resources in the unused MBSFN subframes of an LTE carrier.

Note: these mechanisms may be reused from forward compatibility mechanisms

NR downlink is supported in MBSFN subframes of LTE.


In this contribution, we discuss further details and some of the requirements for LTE-NR coexistence impacting other design choices of the NR, e.g., mini-slot design.
2 LTE-NR co-existence in overlapping spectrum
In the NR study item [2], it was agreed to support NR transmissions at least in LTE UL and MBSFN subframes. This, however, imposes severe restrictions on the performance of NR as not all subframes remain available for NR transmissions. It was thus also discussed to allow NR transmissions in normal DL subframes, albeit without a conclusion captured in the TR. 
In our view, coexistence in normal DL subframes can be achieved without additional specification impact. In our companion contributions [3]
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[4] we detail our proposed mini-slot design and signaling scheme for indicating forward compatible resources. Both these means can also be applied to achieve “backward compatibility” with LTE.

If OFDM symbols carrying LTE CRS were to be avoided completely, mini-slot based NR transmissions could be scheduled on the remaining OFDM symbols free of cell-specific RS. A more efficient method, however, would be to rate match around LTE reference signals and legacy channels. Highly configurable NR PDSCH rate matching and RE mapping procedures are needed regardless of LTE-NR coexistence as discussed in [3]. From a signaling perspective, the same mechanisms that make NR forward compatible can be used to make NR “backward compatible” to the extent of rate matching around LTE signals and channels. Details can be found in [3] but the point is that these mechanisms will be available in NR regardless and thus can be used for LTE-NR coexistence as well. In either case, allowing NR transmissions in normal LTE DL subframes comes without additional NR specification impact and should thus be allowed just like it is in LTE UL and MBSFN subframes.

Proposal 1: NR transmissions in normal LTE DL subframes are supported. Rate matching around LTE channels and signals reuses NR signaling and PDSCH RE mapping schemes specified for purposes other than LTE-NR coexistence. 
Another point that could not be resolved during the study item was the potential starting position of mini-slots within a slot. Since NR transmissions in MBSFN subframes are agreed to be supported, mini-slot based transmissions should be allowed to start at least on the second and third OFDM symbol for this use case. It is our view, however, NR specifications shall provide a toolbox whose features (the “tools”) are not restricted to use cases by specification. Rather, network operators should be allowed to choose how to map features supported by specification to use cases that are deemed important. We thus believe that mini-slot based transmissions ought to be allowed to start on any OFDM symbol without restriction. This not only guarantees utmost forward compatibility, it also allows for efficient LTE-NR coexistence, e.g., in MBSFN subframes with varying control region span or in normal LTE DL subframes when mini-slot based transmissions could occupy OFDM symbols not carrying CRS. 

Proposal 2: Mini-slot based transmissions can start on any OFDM symbol.
3 LTE-NR co-existence in adjacent spectrum
So far we have discussed LTE-NR coexistence in overlapping spectrum. Another important use case is LTE-NR coexistence in adjacent spectrum. For example, a given frequency band could semi-statically or even dynamically be partitioned between LTE and NR such that the two air interfaces coexist in adjacent spectrum. The bandwidth of the LTE system could thereby be dynamically adjusted using the MAC CE based SCell (de)activation feature of LTE carrier aggregation. Moreover, it was agreed that NR supports a feature allowing to “adapt the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes.” To make this feature really useful though, it is also necessary that the RRM and CSI-RS measurement bandwidths can be adapted, preferably independently. Complementary, the bandwidth adaptation feature that is being discussed for NR could also be applied to this use case. In that case, together with the first and second RF bandwidth, we propose to also dynamically adapt the RRM and/or CSI-RS measurement bandwidth. More details can be found in our companion contribution in [5][6].
Proposal 3: NR should support dynamic and semi-static (e.g., RRC configured) adaptation/configuration of the RRM measurement bandwidth.
4 Conclusion

In this contribution, we discussed further details and some of the requirements for LTE-NR coexistence impacting other design choices of the NR, e.g., mini-slot design. The following is proposed.
Proposal 1: NR transmissions in normal LTE DL subframes are supported. Rate matching around LTE channels and signals reuses NR signaling and PDSCH RE mapping schemes specified for purposes other than LTE-NR coexistence. 
Proposal 2: Mini-slot based transmissions can start on any OFDM symbol.

Proposal 3: NR should support dynamic and semi-static (e.g., RRC configured) adaptation/configuration of the RRM measurement bandwidth.
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