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1 Introduction
This document summarizes the discussion on 5G RAN requirements and scenarios for Dynamic Co-Existence of LTE and Next Generation RAT, and provides background for the text proposal submitted in [1]. 

[RAN#71-04] LTE/NR coexistence (Huawei)

- Refine text proposal on requirements for the TR, and if needed objective for the Technology SID
2 Discussion on requirements
The goal of this email discussion is to refine the text proposal from RP-160583 for defining requirements for the coexistence of LTE and the New Radio. The email discussion may also propose related objectives for updating the SID on New Radio Access Technology.
The operational requirement is best summarized by Figure 1-2 from RP-160583.
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This email discussion should clarify the following aspects or formulate corresponding study objectives where the clarifications would need more studies:

· With which time scale should the adaptation be supported by the New Radio, and by LTE?
	Ericsson
	Ideally as fast as possible, it however make sense to study this more in RAN WGs to have a better view of the gains of fast switching vs. the complexities.

	Telecom Italia
	This analysis should be based on use cases. Based on the description provided in RP-160583, the main aim is to efficiently support progressive deployment of NR. This suggests that large time scale adaptation could be the baseline.


· With which frequency granularity should the New Radio turn off its frequency resources in a carrier?
	Ericsson
	NR should be flexible enough to handle the relevant LTE migration/co-existence scenarios. It makes sense that the work in the RAN WGs starts by identifying these scenarios.

	Telecom Italia
	This analysis should be based on use cases and on the baseline NR design derived from KPI requirements.


· What amount of frequency separation should be targeted between the New Radio and the LTE carrier?
	Ericsson
	This requires further study in RAN1/4 to determine the correct gain vs. complexity analysis, as in theory less frequency separation is always better.


· Which LTE release (and features) should be assumed for LTE BS and UE capabilities?
	Ericsson
	At least both Rel-8 and Rel-12 SCell On/Off should considered.

	Telecom Italia
	Backward compatibility wrt to Rel-8 UEs should be ensured.


· Should enhancements be provided for LTE in Rel-15 or Rel-16 to improve the coexistence?
	Ericsson
	Any LTE features in Rel-14 and on wards that makes this migration/co-existence more efficient should be possible to use, it is however questionable if specific features to support this should be introduced in LTE.

	Huawei
	Coexistence of NR with LTE evolution in Rel-14 and later releases is also a relevant scenario for migration and coexistence. Rel-8/12 LTE BS may be upgraded to more recent releases and in this case coexistence could be even more efficient with NR, e.g. coexistence in the frequency domain while the Rel-X LTE carrier may not be completely turned off in the time domain. This may make sense for example as the amount of bandwidth needed for legacy LTE UEs is decreasing. For example in the figure above, the “orange” portion of the band occupied by LTE could be of a variable size when the LTE SCell in ON.

	Telecom Italia
	Enhancements to LTE could be considered, ensuring backward compatibility (see point above)


· Does LTE SCell ON mean activated SCell only, or does it also include deactivated SCell (e.g. transmitting only discovery reference signals for an LTE SCell of Rel-12 or later)?
	Ericsson
	Please clarify this question further.

	KT
	This use case needs more clarification. The NR is not considering backward compatibility from the beginning. In the case when NR is used in legacy LTE spectrum, the NR shall avoid any interference issues to legacy LTE.

	Huawei
	The question was indeed not clearly formulated. The intent was to clarify the meaning of SCell ON. It should be clear that a deactivated Rel-12 SCell that is still transmitting DRS should not be considered OFF when it is transmitting DRS, but if can be considered OFF in other subframes. In such a case, NR could occupy the subframes that the deactivated Rel-12 SCell is not using for the transmission of DRS. Requirements should not use ON/OFF terminology to avoid confusion.


An initial text proposal (making some assumptions on the answers to the questions above) was provided by the moderator (Huawei) of the email discussion:
· The New Radio should be able to turn off subcarriers to accommodate the presence of an activated LTE carrier (secondary cell) overlapping with these subcarriers, where the LTE carrier may be transmitted by the same or another base station.

· The New Radio should be able to dynamically turn off subcarriers to accommodate the presence of a deactivated LTE carrier (secondary cell) overlapping with these subcarriers, where the deactivated LTE carrier only contains discovery reference signals and may be transmitted by the same or another base station.

· The New Radio should be able to use all the subcarriers of the New Radio carrier when no activated or deactivated LTE carrier is transmitting any signal. The number of subcarriers of the New Radio that need to be turned off to ensure adequate performance of the LTE carrier should be minimized.

· The New Radio should be able to turn off (resp. on) subcarriers faster than the timescales with which an LTE carrier can be activated (resp. deactivated). Corresponding CSI, RRM and RLM measurements and procedures should be defined to ensure adequate performance of the New Radio.

· Potential constraints on synchronization between LTE base station and 5G base station should be studied to achieve the above requirements. Potential needs for signalling over a network interface between LTE base station and 5G base station should be studied to achieve the above requirements.

· These requirements are applicable for TDD and FDD spectrum.

It was suggested to shorten the formulation of the requirements:

· Ericsson: The New Radio should be able to dynamically use non occupied resources (e.g. time, frequency, space) on a frequency used by LTE base stations/UEs in uplink or downlink, FDD or TDD. The solution should work regardless if LTE is supported by the same base station as the New Radio or a different base station.

· Nokia: The New Radio should be able to dynamically utilize resources (e.g. time, frequency, space) allocated to, but not occupied by an LTE carrier.  The solution should work on both LTE FDD and TDD, for uplink and for downlink and regardless of whether LTE is supported by the same base station as the New Radio or the two RATs are supported by different base stations.

· Samsung: The New Radio should be able to dynamically utilize resources (e.g. time, frequency, space) allocated to, but not occupied by an LTE carrier.  The solution should work on both LTE FDD and TDD, for uplink and for downlink and regardless of whether LTE is supported by the same base station as the New Radio or the two RATs are supported by different base stations.

A revised proposal was made by the moderator of the email discussion:

· Moderator (Huawei): The New Radio should be able to dynamically utilize resources (e.g. time, frequency) allocated to, but not occupied by an LTE carrier. The New Radio should be able to use these resources at least for downlink and uplink. The solution should work whether LTE is supported by the same base station as the New Radio or the two RATs are supported by different base stations.
Further revisions were proposed by Telecom Italia:
· Telecom Italia: The New RAT should be able to support flexible allocation of resources (e.g. time, frequency between NR and LTE. The New RAT should be able to use these resources at least for downlink and uplink. The solution should work whether LTE is supported by the same base station as the New Radio or the two RATs are supported by different base stations
To harmonize the two proposals, the moderator of the discussion proposed to add “dynamic” to the version provided by Telecom Italia:

· The New RAT should be able to support flexible and dynamic allocation of resources (e.g. time, frequency between NR and LTE. The New RAT should be able to use these resources at least for downlink and uplink. The solution should work whether LTE is supported by the same base station as the New Radio or the two RATs are supported by different base stations.

KT proposed additional requirements for coexistence and for adjacent channel operation:

· The New Radio shall be able to avoid interference with legacy 3GPP RATs when operating in legacy 3GPP spectrum.

· The New Radio shall be able to co-exist in the same geographical area and co-location with legacy 3GPP RATs on adjacent channels.

· The New Radio shall be able to co-exist in the same geographical area and co-location between operators on adjacent channels.

· These requirements are applicable for paired and unpaired spectrum
Samsung asked for clarification and to replace “spectrum” by “band”. KT commented that this requirement is considering the case when a single operator decides to migrate the legacy 3GPP RAT to 5G. Some possible bands are Band 1 and Band 8 where operators may decide to fade out their 2G/3G network and migrate directly to new RAT. As these bands are used by multiple operators, even if some operator wants to migrate to 5G, others may want to keep their existing 2G/3G network for the business purposes. Hence when operating new radio in the same spectrum used by 2G or 3G, these operation needs to be only granted when no harm is made to the other existing operators using legacy 2G/3G networks. Another example can be introducing new RAT in bands like Band 42 and Band 43 where an operator holding big chunk of contiguous spectrum to leave 20MHz channel BW to LTE and migrate to new RAT on the remaining part of operator’s spectrum. KT also clarified that “adjacent channel” already includes the same band. In addition to this, Band 42 and Band 43 could have adjacent channel even if they are different bands.

Further discussion on these additional requirements lead to the following clarified proposal:

· The New RAT shall be able to avoid interference with legacy 3GPP RATs when operating in the same band.
· The New RAT shall be able to co-exist in the same geographical area and co-location with legacy 3GPP RATs on adjacent channels.
· The New RAT shall be able to co-exist in the same geographical area and co-location between operators on adjacent channels.
More discussion ensued on the second bullet above. Several companies suggested to simply set requirements on ACLR to address coexistence. One proposal was that the New Radio shall comply with the ACLR values defined in TS 36.101 and TS 36.104 for UE, respectively base station. 

Sprint thought that the terms “coexist” and “avoid interference” have broad meanings. Coexistence needs to be defined as a X% average throughput degradation and degradation of x% of the 5th percentile throughput. If a TDM solution is used for sharing between NR and LTE then the requirements could be scaled based on the percentage of time that the LTE carrier is turned on. Spring suggested: The New Radio shall be able to co-exist in the same geographical area with legacy RATs (i.e. 3GPP, 3GPP2 and IEEE 802) on adjacent or the same spectrum as legacy RAT’s. Where coexistence is a maximum of 5 % average throughput degradation and a maximum degradation of 5 % of the 5th percentile throughput on the legacy RAT caused by NR.

ZTE proposed the following clarifications:

· The New RAT shall be able to co-exist in the same geographical area and co-location with legacy 3GPP RATs on adjacent channels by considering ACLR.

· The New RAT shall be able to co-exist in the same geographical area and co-location between operators on adjacent channels by considering ACLR.
Some comments were received from other companies arguing to leave exact values and specific requirements for RAN4 to decide. A possible clarification of coexistence was proposed by the moderator of the discussion (supported by KT), where “legacy RAT” includes LTE:

· Coexistence means that NR should not cause more degradation to a legacy RAT operating on an adjacent channel compared to the degradation caused by LTE to the legacy RAT operating on an adjacent channel.

Qualcomm proposed a simplified requirement:
· The New Radio shall be able to co-exist with legacy RATs on adjacent spectrum in the same geographical area; where coexistence is intended as a certain maximum degradation of throughput caused by NR on the legacy RAT.

A clarification to Qualcomm’s formulation was proposed by General Dynamics:

· The New Radio shall be able to co-exist with legacy RATs on adjacent spectrum in the same geographical area; where the ability to coexist is based upon an agreed maximum degradation of throughput that can be caused by the NR on the legacy RAT.

The discussion is reflected in the text proposal of section 3.
3 Text Proposal for TR38.913
10.3
Co-existence and interworking with legacy RATs

The New RAT should be able to support flexible and dynamic allocation of resources (e.g. time, frequency) between NR and LTE. The New RAT should be able to use these resources at least for downlink and uplink. The solution should work whether LTE is supported by the same base station as the New Radio or the two RATs are supported by different base stations.

Additionally:

· The New RAT shall be able to avoid interference with legacy 3GPP RATs when operating in the same band.
· The New Radio shall be able to co-exist with legacy RATs on adjacent spectrum in the same geographical area; where the ability to coexist is based upon an agreed maximum degradation of throughput that can be caused by the NR on the legacy RAT.

· The New RAT shall be able to co-exist in the same geographical area and co-location between operators on adjacent channels.
These requirements are applicable for paired and unpaired spectrum.
4 Discussion on SID Objectives
Possible additional study objectives for NR where proposed by the moderator of the discussion:

· Study mechanisms to achieve the requirements on co-existence and interworking with legacy RATs. In particular for coexistence on the same frequency between NR and LTE considering both Rel-8 and Rel-12 SCell On/Off LTE where the SCell may be activated or deactivated, the study should identify and investigate:

· LTE migration/co-existence scenarios

· Methods to minimize frequency guard and time guard between NR and LTE

· Trade-offs between fast switching time, system gains and complexity

· Potential constraints on synchronization between LTE BS and NR BS

· Potential needs for signalling over a network interface between LTE BS and NR BS

· Potential backward-compatible enhancements to LTE that would increase the unused resources available for NR

Samsung (supported by Telecom Italia and KT) asked to simplify the objective to:

· Study mechanisms to enable NR to dynamically utilize resources allocated to, but not occupied by an LTE carrier

KT commented that we need to make sure that new RAT is NOT considering backward compatibility with LTE from the beginning as this may lead to huge difficulties on finalizing waveform for the new RAT.

Huawei clarified that it was not the intent of the proposed objectives to mandate backward compatibility of NR with LTE, but just backward compatibility between LTE releases, where LTE evolution may be enhanced to increase the unused resources of LTE. This was deemed be a useful migration scenario compared to e.g. reconfiguring the LTE carrier bandwidth to smaller values.
5 Proposal for NR SID Objectives
Possible additional study objectives for NR:
· Study mechanisms to enable NR to dynamically utilize resources allocated to, but not occupied by an LTE carrier

6 Conclusion
Requirements for TR38.913 section 10.3 on Co-existence and interworking with legacy RATs are provided as a text proposal in section 3. Related study objectives are proposed in section 5.
Proposal: approve the proposals of section 3 (requirements) and section 5 (study objectives) related to the coexistence of NR and legacy RATs (LTE and other legacy RATs).
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