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1 Introduction

At the last RAN1 #87 meeting, LTE/NR coexistence was extensively discussed. 
	
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



In this contribution, we provide our views on some of the open issues in the above agreements as well as further considerations on the topic of NR/LTE coexistence.
2 Further Considerations on NR/LTE Coexistence
When multiplexing LTE and NR in the same spectrum, not all symbols of a subframe may be available for NR transmissions. For example, in the DL, when MBSFN subframes are used to transmit NR channels and signals, the first one or two symbols, namely, the non-MBSFN region of the subframe, is occupied by legacy LTE channels and signals that need to be protected by NR. Consequently, only the last 12 or 13 symbols (viz., the MBSFN-region of the subframe) can be used for transmission of NR waveforms. Similarly, in the UL, when LTE UL subframes are used to transmit NR waveforms, the last symbol of the subframe may be occupied by SRS and consequently, the NR transmission can only span 13 symbols. If the NR slot for 15 kHz subcarrier spacing with normal CP overhead is defined as 14 OFDM symbols [1], the NR PDCCH cannot be sent on the first OFDM symbol(s) of the slot which is occupied by LTE CRS and other common channels. Per the agreements from RAN1 #86, mini-slots are defined to at least support transmissions shorter than a slot. Hence, NR already provides a mechanism to send NR signals and channels when less than 14 OFDM symbols are occupied by the waveform. We thus propose that NR transmissions in subframes with LTE transmissions (e.g., SRS subframes, MBSFN subframes) are based on mini-slots. 
Proposal 1: NR transmissions in subframes with LTE transmissions (e.g., SRS subframes, MBSFN subframes) are based on mini-slots
Moreover, the PMCH starting position is always RRC configured and static in LTE. It is thus proposed that for LTE/NR coexistence the starting point of NR transmissions can be RRC configured. This mechanism is also applicable and useful should NR transmissions be allowed in normal LTE DL subframes where the legacy control region needs to be equally protected. In fact, a similar mechanism has been adopted in NB-IoT which also coexists with legacy LTE systems.
Proposal 2: The starting point of NR transmissions can be RRC configured

As for the duration of the NR transmission in LTE subframes, the regular NR mechanism can be reused, i.e., the duration of the mini-slot based transmission is indicated in the DCI and no additional specification specifically for LTE/NR coexistence is required. 
Proposal 3: The duration of the mini-slot based transmission is indicated in the DCI

Originally, the scope of LTE/NR coexistence within the same or overlapping spectrum was limited to MBSFN and LTE UL subframes when the two RATs coexist in a non-CA based TDM fashion. At the last RAN1 meeting, however, it was additionally proposed to also allow normal LTE DL subframes to be used for NR transmissions. In this case, regarding the potential collision of NR with common LTE signals/channels (PBCH, PSS, SSS ...), we believe this can simply be handled by eNB scheduler implementation and does not necessitate additional specification effort. 
Proposal 4: Collision with common LTE signals/channels (PBCH, PSS, SSS ...) is realized by eNB scheduler implementation

When LTE and NR coexist in normal DL subframes, unlike LTE UL or MBSFN subframes, these subframes have CRS. This case was discussed at the last RAN1 meeting and potentially, NR transmissions could be rate matched around the CRS just like LTE PDSCH rate matches around CRS, e.g., in TM10. However, this would somehow make NR a backward compatible RAT to LTE which is clearly not a requirement. Moreover, NR already provisions many features to deal with the coexistence of other features stemming from MBB/URLLC coexistence and the general requirement for NR to be forward compatible to unknown features to be standardized in the future. For example, if NR transmissions were not allowed on symbols carrying CRS (this would inherently protect neighbor cell CRS with different v_shifts) the NR transmission potentially resembles that of a standalone NR system that coexists with URLLC, i.e., the mechanisms NR provides to protect MBB from URLLC could be reused to protect NR from CRS. We thus don’t think it is necessary to specify rate matching of NR transmissions around LTE CRS. 
Proposal 5: Rate matching of NR transmissions around LTE CRS is not supported.

With respect to the synchronization status between the two RATs, it seems appropriate that at least radio frame boundary alignment can be assumed as otherwise coexistence within the same spectrum would be infeasible or at least inefficient. LTE and NR could then coexist within the same bandwidth by using small cell on/off techniques standardized in Rel. 12. The LTE network would configure said carrier as secondary cell for all UEs and would use MAC control elements to turn LTE transmissions on and off. When the secondary cell is activated, LTE waveforms are transmitted by the LTE network, whereas when the secondary cell is deactivated either no transmissions or only discovery reference signal (DRS) transmissions occur according to some discovery signal measurement timing configuration (DMTC). Said DMTC could be exchanged between the LTE and NR networks in order to inform the NR gNB about potential DRS transmissions on the secondary cell. In addition, depending on the backhaul between the LTE and NR networks, LTE and NR base stations could inform each other about time intervals of LTE and NR transmissions, respectively, such that the LTE network would activate the carrier when there are no NR transmissions and deactivate it whenever there are NR transmissions. The time granularity of this approach would depend on whether ideal or non-ideal backhaul are assumed between the LTE and NR base stations and the MAC level (de)activation procedure of LTE would also put a limit on the time granularity, i.e., subframe level coexistence would not be supported. However, LTE may introduce further enhanced lean SCells where subframe level coordination may be possible. If the backhaul between LTE and NR eNBs/gNBs allows for such granularity, LTE and NR base stations could dynamically schedule LTE and NR transmissions except for DRS occasions during which either network would send PSS/SSS or other necessary channels and signals, e.g., paging or system information broadcast in case of standalone operation. Since NR and LTE resources are orthogonal and time-division multiplexed both paired and unpaired spectrum can be supported. 

Proposal 6: For the case where LTE and NR share the same spectrum in a TDM manner, it should be possible to exchange at least the following interference coordination information between gNBs and eNBs:

· Information about time intervals reserved for LTE and NR transmissions, respectively

· Information about resources reserved for common signals and channels such as synchronization signals and other necessary channels and signals, e.g., for paging, system information broadcast or RRM measurement that may be transmitted by one RAT in resources reserved for another RAT
In order to support Rel. 8 UEs it may be necessary to configure a legacy LTE carrier with a smaller LTE system bandwidth and to multiplex the two RATs in a frequency-division manner. For example, a 20MHz LTE carrier could be split into a 10MHz LTE and NR carrier, respectively. Since RAN1 has agreed that the NR symbol boundary is aligned with that of LTE at least for normal CP, NR/LTE coexistence can be similar to NB-IoT inband or guardband operation when the same eNB controls both RATs. The resource granularity in the frequency domain would be determined by the supported LTE system bandwidths and the flexible bandwidth design of NR. Depending on the available bandwidth, some loss may occur similar to the carrier segments discussed in Rel. 11, i.e., the available bandwidth cannot be partitioned into system bandwidths supported by LTE and NR. At least for NR, however, a flexible bandwidth design may be feasible that after initial attach allows transmission in any bandwidth that is an integer multiple of PRBs. For this FDM coexistence mechanism it is beneficial for LTE to inform NR about the TDD UL/DL configuration such that cross-link interference can be avoided. Thus, for the case where LTE and NR share adjacent spectrum in a FDM manner, it should be possible to inform NR about the LTE TDD UL/DL configuration.
Proposal 7: For the case where LTE and NR share adjacent spectrum in a FDM manner, it should be possible to inform NR about the LTE TDD UL/DL configuration.
3 Conclusion

In this contribution, we provided our views on some of the open issues in the current agreements as well as further considerations on the topic of NR/LTE coexistence. The following proposals are made:
Proposal 1: NR transmissions in subframes with LTE transmissions (e.g., SRS subframes, MBSFN subframes) are based on mini-slots

Proposal 2: The starting point of NR transmissions can be RRC configured

Proposal 3: The duration of the mini-slot based transmission is indicated in the DCI

Proposal 4: Collision with common LTE signals/channels (PBCH, PSS, SSS, ...) is realized by eNB scheduler implementation

Proposal 5: Rate matching of NR transmissions around LTE CRS is not supported.

Proposal 6: For the case where LTE and NR share the same spectrum in a TDM manner, it should be possible to exchange at least the following interference coordination information between gNBs and eNBs:

· Information about time intervals reserved for LTE and NR transmissions, respectively

· Information about resources reserved for common signals and channels such as synchronization signals and other necessary channels and signals, e.g., for paging, system information broadcast or RRM measurement that may be transmitted by one RAT in resources reserved for another RAT
Proposal 7: For the case where LTE and NR share adjacent spectrum in a FDM manner, it should be possible to inform NR about the LTE TDD UL/DL configuration.
References

[1] R1-1700372, Time Domain Aspects of NR Data Scheduling, Intel Corporation

