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1 Introduction
LTE/NR coexistence is an important feature of NR. It allows operators to seamlessly roll out NR by gradually phasing out LTE spectrum and allocating it to NR. This can be done both by time domain and frequency domain techniques and dynamically or semi-statically. Not all co-existence techniques may be available to UEs of all LTE releases and different techniques may impact the performance of LTE and NR in different ways. Generally, NR specification should provide operators with a toolbox from which they can choose coexistence mechanisms depending on their network and business needs. It is important that there are tools for all use cases and scenarios deemed important by network operators (co-channel, adjacent channel, collocated, non-collocated, ideal network, non-ideal network …). In this document we discuss our preferences on what NR specifications should provision to allow for an efficient and versatile coexistence between LTE and NR.
In our companion contributions in [1]-[2] we discuss mini-slot design and eMBB/URLLC multiplexing. We believe these mechanisms are also important in achieving LTE coexistence of NR with minimal specification impact. The following reviews the agreements on LTE/NR coexistence the last meeting. In this contribution, we try to further progress the topic and give our preference on how LTE/NR coexistence can be efficiently achieved.
	Agreements:

· LTE-NR co-existence should support the following UL sharing scenarios:

· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE

· Detailed sharing on the UL is FFS 

· Note: this is not intended to have impact on legacy LTE UEs

· LTE DL on a paired frequency F3

· NR DL transmission on frequency F2 (different than LTE DL frequency)

· NR UE operates in either of the following cases based on a common NR design:

· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 

· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2

· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).

· NR DL and UL frequencies (and/or NR band number) are signaled by RRC

· Non-collocated LTE and NR base stations is FFS

Conclusion:

· NR should study the case of having DL transmissions in MBSFN and non-MBSFN subframes of LTE

· Including details on transmissions of NR slots/mini-slots, resource reservations, potential unified mechanisms for forward compatibility, handling LTE control region/CRS symbols, RSSI/CSI measurements, sync requirements, etc. 

Agreements:

· NR supports the case when an NR UE is not expected to understand or detect LTE signals/channels in the frequency band shared by NR and LTE.

· Detailed conditions are FFS

· Initial access procedure design for NR should be used as a baseline for the case of NR-LTE coexisting

· FFS whether or not additional impact 

Conclusion:

· For LTE-NR coexistence in UL, at least for collocated LTE and NR base stations, study further resource allocation aspects for NR-PUSCH to facilitate handling FDM’ed NR and LTE transmissions 

Agreements:

· NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum  

· FFS detailed mechanism

· NR supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum

· Notes:

· The above bullets does not necessarily imply that two or more frame structures are to be defined for NR

· The wording “efficient” in the above two bullets does not imply exact alignment of configurations

· RAN1 has agreed the following

· 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

Agreements:

· Supporting NR DL in MBSFN subframes of LTE

· FFS details



2 Coexistence of NR and LTE
NR coexistence is required with LTE UEs of all releases. Since carrier aggregation was not introduced into LTE until LTE Rel. 10, CA based techniques cannot be used as the sole means to achieve LTE/NR coexistence. CA techniques can be used both for time domain coexistence where on a given carrier LTE and NR are time-multiplexed by means of SCell (de)activation or for frequency domain coexistence, e.g., when the network configures a 20MHz carrier into multiple carriers whereby a total of 10MHz is allocated to LTE and the remaining 10MHz to NR. Note, however, that the latter can also be accomplished without using the carrier aggregation concept. Figure 1 illustrates the aforementioned frequency domain techniques. Note that when splitting the 20MHz carrier into two allocations of 10MHz, the LTE carrier remains centered at the same frequency and the NR allocation is not consecutive. 
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Figure 1: Frequency domain coexistence of LTE and NR with or without using the carrier aggregation framework
2.1 Time Domain LTE/NR Coexistence Techniques
Time domain coexistence of LTE and NR can be dynamic (subframe level) or semi-static (MAC/RRC). In the latter case, spectrum resources are configured as SCell for a LTE UE and the network can turn these resources on or off by means of SCell (de)activation using MAC control elements or by adding and removing the SCell via RRC signaling. Whenever the SCell is deactivated or not configured, the spectrum resources can be used for NR transmissions. In LTE Rel. 12 small cell enhancements were introduced that allow a UE to measure discovery reference signals (DRS) on a deactivated SCell. In that case, further coordination between LTE and NR may be required even when the SCell is deactivated as DRS may still be transmitted periodically. Generally, though, this kind of coexistence can be achieved by network implementation. 
For the case of dynamic coexistence, LTE and NR coexist in the same spectrum and the network can multiplex the two on a subframe level. Since LTE transmits CRS in all DL subframes and in the DwPTS and non-MBSFN region of special and MBSFN subframes, respectively, dynamic coexistence is not as straight forward as semi-static coexistence. 
Similar to the case of time domain coexistence based on CA techniques, whenever OFDM symbols do not carry CRS, coexistence can be achieved by gNB scheduler implementation. In particular, the gNB can schedule mini-slot based transmissions in the UpPTS region of a special subframe and in the MBSFN region of an MBSFN subframe both of which don’t carry CRS. In LTE UL subframes, the gNB can schedule NR transmissions using either slots or mini-slots. For example, when SRS is transmitted at the end of a subframe, not all 14 OFDM symbols may be available for NR and mini-slots can be used. Otherwise, slots can be used to transmit NR signals and channels in LTE UL subframes. Even in normal downlink subframes, mini-slots could be used to transmit NR channels and signals on OFDM symbols not carrying CRS. This, however, may leave almost half the resources of a normal DL subframe unusable for NR so other techniques may be preferable. For example, symbols carrying CRS could also puncture NR transmissions similar to URLLC transmissions that pre-empt NR transmissions [1] and the same mechanisms specified for eMBB/URLLC coexistence could be used for LTE/NR coexistence. 
Proposal 1: Dynamic subframe-level coexistence of LTE and NR is supported. 

· RAN1 to study further the detailed co-existence mechanism in LTE subframes with CRS, especially in normal LTE DL subframes

Proposal 2: NR should re-use existing NR features for LTE coexistence whenever possible (mini-slots, eMBB/URLLC multiplexing, dynamic indication of forward compatible resources …)

Proposal 3: Mini-slots are specified in phase 1 to allow NR transmissions in LTE subframes where less than 14 OFDM symbols are available per slot (e.g., MBSFN subframes, UL subframes with SRS, special subframes …)
2.2 Frequency Domain LTE/NR Coexistence Techniques

Frequency domain coexistence between LTE and NR can also be dynamic or semi-static. Semi-static FDM based coexistence is illustrated in Figure 1 and explained in Section 2. Dynamic frequency domain coexistence is possible when the (e/g)NB schedules both LTE and NR in the same subframe on a PRB level. 
There also exists the possibility to mix semi-static and dynamic schemes as well as TDM and FDM based schemes based on the duplex direction. As discussed at the last RAN1 Ad-Hoc meeting, UL resources could dynamically be shared in a TDM fashion whereas DL resources are semi-statically configured and FDMed between LTE and NR. For example, LTE could operate in paired spectrum and NR uses LTE UL resources for NR UL transmissions but is configured with a separate DL or dynamic TDD carrier, e.g., at a higher frequency band. In this scenario, the LTE DL is semi-statically FDMed with NR, but LTE UL resources need to be dynamically shared between LTE and NR. The semi-statically FDMed NR resources may be for DL only or for both DL and UL. For example, it may be beneficial to allow for NR SRS transmissions on the FDMed NR-only carrier.
Several issues need to be addressed for the shared LTE UL carrier. For example, if the non-shared NR carrier is operated in mmWave spectrum whereas the shared NR/LTE carrier is operated below 6GHz, the UE does not receive NR DL signals that can be used for power control and timing advance of the NR UL transmissions in the shared LTE UL resources. In this case, NR signals may have to be sent in the LTE-only DL resources or, alternatively, the NR-only UE needs to receive and process LTE signals in the LTE-only DL carrier. In order to avoid NR UEs processing LTE signals or LTE eNBs transmitting NR signals, it should be investigated if the aforementioned problem could be solved by signaling mechanisms. Either way, further studies are needed to address these issues.
Proposal 4: RAN1 to study how timing advance and power control of NR signals/channels are handled when only UL resources are shared between NR and LTE and the respective DL operates on dedicated spectrum.
2.3 RRM measurement requirements for LTE/NR Coexistence
As described in Sections 2.1 and 2.2, bandwidth adaptation is one technique for enabling coexistence of LTE and NR on the same carrier based on SCell activation/deactivation procedures for LTE and similar procedures for NR.  However, this may impact the RRM measurement configuration including the periodicity of the RRM measurements and the frequency resources used for RRM measurement (e.g., measurement bandwidth). 

In order to turn off part of the NR carrier we need to allow the transmission bandwidth to be reconfigurable which should also apply to the measurement bandwidth used by the UE as well. This is to ensure that measurements are not performed over the part of the NR carrier that is turned off. This could be done by at least semi-static (e.g., RRC configured) signaling or possibly L1 signaling if NR supports more dynamic bandwidth adaptation mechanisms than LTE.

Proposal 5: NR should support dynamic or semi-static (e.g. RRC configured) adaptation/configuration of the RRM measurement bandwidth.
2.4 Coordination Requirements for LTE/NR Coexistence

While semi-static techniques identified for coexistence may require minimal coordination, dynamic (e.g. per-TTI) 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. 

Proposal 6: RAN1 should study the benefit of over-the-air signalling for non-co-located LTE and NR coexistence.
3 Conclusion
This contribution discussed LTE/NR coexistence. Semi-static and dynamic schemes were discussed as well as FDM and TDM based techniques. In order to further progress on this topic the following proposals are made:
Proposal 1: Dynamic subframe-level coexistence of LTE and NR is supported. 

· RAN1 to study further the detailed co-existence mechanism in LTE subframes with CRS, especially in normal LTE DL subframes

Proposal 2: NR should re-use existing NR features for LTE coexistence whenever possible (mini-slots, eMBB/URLLC multiplexing, dynamic indication of forward compatible resources …)

Proposal 3: Mini-slots are specified in phase 1 to allow NR transmissions in LTE subframes where less than 14 OFDM symbols are available per slot (e.g., MBSFN subframes, UL subframes with SRS, special subframes …)

Proposal 4: RAN1 to study how timing advance and power control of NR signals/channels are handled when only UL resources are shared between NR and LTE and the respective DL operates on dedicated spectrum.
Proposal 5: NR should support dynamic or semi-static (e.g. RRC configured) adaptation/configuration of the RRM measurement bandwidth.
Proposal 6: RAN1 should study the benefit of over-the-air signalling for non-co-located LTE and NR coexistence.
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