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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [1]. One requirement captured in the TR section 10.4.1 is the 5G NR coexistence with LTE (below).

10.4.1	Co-existence with LTE [1]
[bookmark: _GoBack]The New RAT should be able to support flexible allocation of resources (e.g. time, frequency) between the new RAT and LTE operating in the same block of spectrum (with possible bandwidths overlap). Resource allocation granularity in the time/frequency domain, as well as the potential guards between NR and LTE resources are to be determined by the study on the new RAT. The New RAT should be able to use these resources at least for downlink, uplink and sidelink. The solution should work whether LTE is supported by the same base station as the New RAT or the two RATs are supported by different base stations. The solution should not affect backward compatibility with legacy LTE terminals. These requirements are applicable for LTE Rel-8 and onwards, including NB-IoT.
This flexible allocation of resources should enable a progressive downsize of operators assigned bandwidth used by LTE, and the corresponding increase in the bandwidth used by NR.
Note: this requirement may be supported with different levels of flexibility depending on the LTE capability/release.
The New RAT shall be able to co-exist with LTE on adjacent spectrum in the same band in the same geographical area, including collocated deployments of the same or different operators; where the ability to coexist is based upon an agreed maximum degradation of throughput that is found acceptable on LTE.
These requirements are applicable for paired and unpaired spectrum.

In RAN1#87, way forward document [2] was presented and discussed, and the following agreements were reached [3]:
Agreements:
· For LTE and NR coexistence, 
· In NR design, consider support of flexible starting point and duration of scheduled resources 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: those mechanisms may be reused from forward compatibility mechanisms
· FFS: use of mini-slot
· FFS: Dynamically or semi-statically varying starting point and duration
· NR design supports adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes
· FFS: Detailed design
· FFS: Allowing NR transmissions while avoiding OFDM symbols carrying CRS on a DL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· Note: those mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot
· Allowing NR transmissions while avoiding OFDM symbols carrying SRS on an UL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· FFS: PRB-level resource allocation can be used as a tool to avoid for example PSS/SSS, PBCH, EPDCCH, PUCCH, PRACH, as well as PRB-level scheduled LTE PDSCH and LTE PUSCH, of an LTE carrier
· FFS: Mapping NR signals and channels around the LTE CRS patterns
· Note: those mechanisms may be reused from forward compatibility mechanisms
· For adjacent channel/band operation of NR and LTE in the unpaired spectrum
· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration
· This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification
· Note: DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases
· FFS: Backhaul signaling between NR and LTE for interference coordination
· FFS: Other mechanisms
· Note that the above agreements do not imply that UE has to support simultaneous connection of NR and LTE in the same or overlapping carrier
· Note: that above mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot

2	Discussion
2.1	Cell on/off as a frequency sharing mechanism
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Figure 1: Dynamic Partitioning of LTE and 5G (source, AT&T [4])

In [4] a mechanism for dynamically sharing a carrier frequency between NR and LTE by SCell on/off mechanism is suggested. From LTE carrier perspective, quite a dynamic on/off mechanism could be achieved simply by powering the CRS/PSS/SSS/PBCH off and back on again. Simultaneously activating or deactivating the SCell on UEs, or handing single carrier UEs over from another LTE carrier when powering down the common transmissions would allow serving active UEs without disruptions. It would be possible to not allow LTE UEs to camp on the LTE carrier subject to on/off behaviour, or normal LTE cell-reselection mechanism could be allowed to do its thing and the inactive LTE UEs would always end up maintaining service. Using regular reselection mechanism would be especially attractive if the rate of LTE carrier on/off is not very rapid, as it would minimize the impact on the existing LTE network configuration.
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Figure 2: Illustration of sharing one side of the 5G allocation with LTE

The NR carrier would need to be able to adapt its bandwidth, and there should be a way to not allocate its synch signals on the shared part of the frequency. Due to this, a more practical allocation than in the figure 1 illustration could be to allocate the LTE carrier on one side of the NR carrier rather than in the middle so that the NR allocation always remains contiguous. This is illustrated in figure 2 above.

2.2	Simultaneous allocation of LTE and NR carriers on the same frequency
In downlink, normal LTE sub-frames contain CRS scattered across the full frequency band and time duration of the subframe, more specifically CRS occurs on 4 out of 12 subcarriers in frequency domain and 4 (1 or 2 antenna ports) or 6 (4 antenna ports) out of 14 symbols in time domain. 
The PSS and SSS repeating every 5 ms on the center 6 PRBs and occupying only 2 out of every OFDM 70 symbols can be considered as non-issue that could be easily scheduled around on NR carrier or left unused with the forward compatibility resource reservation mechanism.
In principle, the LTE uplink does not cause any LTE+NR same carrier coexistence issues as long as the LTE PUCCH and PRACH allocations are guaranteed in the scheduling and configuration of the two systems.
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Figure 3: Illustration of normal and MBSFN LTE subframe in downlink

Brute force CRS blanking
In order to generate room for NR transmissions on a shared LTE+NR carrier, not transmitting CRS over a number of consecutive sub-frames either over the full or over part of the allocated LTE carrier BW is possible. This would disrupt the active LTE UEs’ channel estimation and sufficient recovery time before LTE data transmissions could resume after blanking the CRS would need to be ensured. In a system that is not operating in full load, this sort of switching overhead could be considered acceptable. This approach could be seen as a specific SCell on/off mechanism.
It is worth noting that brute-force CRS blanking cannot be fully dynamic due to the disruption in CRS causing adverse effects to the LTE UEs. If there are active UEs in the cell, those will lose link and have an interruption in the data service. Similarly, UEs camping in the cell will momentarily lose their serving network and are unable to initiate data sessions or receive paging messages until successful reselection to another cell.
The brute-force CRS blanking might be less capable of answering the requirement of non-collocated LTE and NR base stations sharing the same frequency than somewhat more controlled cell on/off mechanisms.
MBSFN subframe usage
The MBSFN subframes could be configured for up to 60% of LTE time, and this way blank CRS and enable transmitting NR data on (at least) the SFN part of the MBSFN subframe allocation. The MBSFN allocation could be dynamically shared with LTE TM9/10 and NR transmissions. The MBSFN subframe usage would have the downside that LTE UEs not supporting TM9/10 would suffer from a poor performance even if there is no NR traffic, and the NR users would suffer from poor performance even if there was no LTE traffic as there would be no way to dynamically adapt the MBSFN allocation to the LTE/NR traffic split.
MBSFN subframe based frequency sharing would only be possible with collocated and tightly linked LTE and NR base station operation and would not be able to answer to the requirement of non-collocated LTE and NR base stations sharing the same frequency.
Forward compatible resources mapping NR around CRS symbols
For 2-antenna port LTE CRS, it would be possible to allocate 10/14 symbols, ~70% (for 4 antenna ports 8/14 symbols, ~60%) for dynamic use for NR transmissions and avoid using the symbols that carry LTE CRS. This approach would not limit the LTE performance, but would handicap the NR carrier performance even during no activity in the LTE carrier.
Forward compatible resources based frequency sharing would only be possible with collocated and tightly linked LTE and NR base station operation and would not be able to answer to the requirement of non-collocated LTE and NR base stations sharing the same frequency.
Extending Forward compatible resources enabling mapping NR around CRS Resource Elements
The most elaborate sharing mechanism listed as FFS in the RAN1#87 agreement, mapping NR signals and channels around the LTE CRS patterns, would for 2-antenna port CRS result with ~10% loss from CRS, 20% loss for 4-antenna port CRS. Mapping NR resource elements around the LTE CRS might cause additional trouble to data rate matching as well as to all the REs that cannot be easily punctured, such as PSS, SSS, PBCH and all RS. 
Forward compatible resources based frequency sharing would only be possible with collocated and tightly linked LTE and NR base station operation and would not be able to answer to the requirement of non-collocated LTE and NR base stations sharing the same frequency.
3	Conclusion
LTE SCell on/off either with longer term handling of the LTE UEs or with potentially somewhat more dynamic but disruptive CRS/PSS/SSS blanking, or its more controlled form of cell power-up and power-down, would appear to offer the best performance for both LTE and NR users with limited impact to LTE eNBs and good support for LTE UEs of all types. 
The MBSFN subframe or Forward Compatible resource allocation based mechanisms are tools that may be used for more tightly integrated LTE+NR frequency sharing, but these come with loss of performance that may make the LTE+NR aggregation more attractive than trying to dynamically share part of the carrier between the two.
An introduction of special NR resource element mapping around LTE CRS would seem to add complexity with little incremental gain while leaving potential problems to the NR REs that can’t easily be just omitted when overlapping with LTE CRS, such as PSS, SSS, and all RS types. The complexity and feasibility of such a mechanism would need to be weighed against the added complexity it is providing.
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