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1 Introduction

During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier [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


And in RAN1#AH2 meeting [2], there were some conclusions on the information exchange between LTE and NR through Xn interface and enhanced X2 interface, as follows:
	Agreements:

· For LTE-NR coexistence in overlapping spectrum, support on the Xn interface and enhanced X2 interface messages 

· FFS details, e.g., SCell ON/OFF, LTE MBSFN subframe configuration, synchronization aspects between LTE and NR, indication of semi-statically reserved resources in frequency domain, Indication of semi-statically reserved resources in time domain, etc.

· For LTE-NR coexistence in adjacent spectrum, support on the Xn interface and enhanced X2 interface messages 

· FFS details, e.g., synchronization aspects between LTE and NR, TDD UL/DL configuration, etc.

· FFS the case of multi-operator scenarios

· Aim to conclude the FFS parts for the above and send an LS to RAN3 in the next meeting


This contribution intends to discuss the necessary information and the format to be exchanged to support the efficient LTE-NR coexistence. 
2 Discussion
Several LTE-NR coexistence scenarios were discussed in the SI stage, such as [3], [4]. In order to support those co-existence scenarios, different information should be exchanged between eNB and gNB. Following subsections give the detailed discussion.
2.1 Co-channel SCell On-Off based co-existence
In this scenario, LTE SCell is embedded into the NR wideband carrier with a total carrier, as shown in Figure 1 below. When the LTE SCell is turned on, NR should mute the whole LTE carrier part by e.g. resource reservation, or BwP reconfiguration to avoid the overlapping with LTE SCell; when the LTE SCell is turned off, NR can use the whole spectrum.
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Figure 1 carrier level co-existence with LTE SCell on/off
In this case, at least the LTE SCell status (on or off) should be indicated to NR gNB. In addition, the LTE carrier bandwidth and the ARFCN for both DL and UL are required for NR gNB to determine where and how wide the reserved resource should be. Considering the LTE SCell can turn off DL&UL or only UL, the SCell status should reflect the direction. A LTE SCell turned OFF may still be transmitting DRS, so the DRS configuration should also be knows by the gNB.
Proposal 1: In the LTE/NR coexistence scenario based on SCell On-Off, the signaling to gNB over Xn interface and enhanced X2 interface should include the LTE SCell status (for DL and UL carriers, respectively), LTE SCell carrier bandwidth and ARFCN (for DL and UL carriers, respectively), LTE SCell DRS configuration, LTE SFN.
2.2 Co-channel MBSFN based DL co-existence
In RAN1#AH1 meeting, the NR DL transmission in LTE MBSFN subframes was agreed [5], as following. 

	Agreements:

· Supporting NR DL in MBSFN subframes of LTE

· FFS details


And then in RAN1#88Bis meeting the NR transmission in LTE non-MBSFN subframes was also agreed [6], as following. 
	Agreements:

· NR supports transmissions scheduled in LTE non-MBSFN subframes 

· Mini-slots can be scheduled on OFDM symbols not carrying CRS.
· It is expected that NR scheduling and at least semi-statically reserved resources for forward compatibility can be used to avoid NR transmissions colliding with other LTE signals/channels (e.g., LTE PBCH/PSS/SSS, SIB1, LTE PDCCH region, etc.)


In this co-channel MBSFN based co-existence scenario, those static or semi-static allocated LTE channels should be informed to NR. 

In the DL, as shown in Figure 2, the MBSFN subframe configuration, LTE DL CRS/PSS/SS location and PBCH location are static/semi-static configured. The LTE PDCCH region is probably varying. If LTE-NR co-located joint resource allocation is not ensured, it is better that the LTE control region configuration is informed with a stable and conservative value, e.g. 2~3 symbols.  
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Figure 2 LTE DL channels to be informed to NR
There are 2 approaches to realize these information exchange:
1. Reuse LTE parameters. LTE informs NR gNB with the LTE parameters including Tx ports and PCI (for CRS location), subframe offset between eNB and gNB (for SS block locations), MBSFN subframe(s), PDCCH regions, etc. Receiving these information, gNB can calculate and find out the locations of LTE CRS, PSS/SSS, PBCH and MBSFN subframes.
2. LTE use “NR resource reservation pattern” to indicate the resources to be reserved in NR. A resource reservation pattern which includes the period (10ms in this case), reserved resource in each subframe within this 10ms period (SS/PBCH/PDCCH symbols and frequency regions). Receiving these information, gNB can directly avoid using these resource. This type of signaling also allows LTE to reserve subframes/symbols for its own PDSCH transmissions.
Considering LTE carrier and NR carrier may have different bandwidth or partially overlapping, the LTE carrier bandwidth and ARFCN are also required for NR.

NR should also be able to avoid resources scheduled for LTE PDSCH (with subframe-level scheduling and LTE sTTI). It may be useful for LTE to be able to signal a time-frequency pattern of resources that LTE wants to reserve for its own transmissions of PDSCH in symbols without CRS, or alternatively for NR to signal a time-frequency pattern of resources that NR will not use for its own transmissions.
Proposal 2: For MBSFN based DL co-channel coexistence, the signaling to gNB over Xn interface and enhanced X2 interface should include the number of CRS ports and CRS frequency shift, subframe offset between eNB and gNB, MBSFN subframes configuration, the number of OFDM symbols of the PDCCH region, along with DL carrier bandwidth and ARFCN. In addition, a time-frequency resource pattern can be signalled to the gNB or to the eNB for reserving resources for scheduling LTE PDSCH transmissions.
2.3 Co-channel UL co-existence
In the UL co-existence, LTE PUCCH region, PRACH region and SRS subframes are semi-statically configured, as shown in Figure 3. 
Besides the UL carrier bandwidth and ARFCN, the SFN offset between LTE eNB and gNB, together with PRACH configuration index, PRACH frequency offset are required to find out PRACH location; PUCCH frequency location; SRS subframe configuration are required.
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Figure 3 LTE UL channels to be informed to NR
Proposal 3: For the UL co-channel coexistence, the signaling to gNB over Xn interface and enhanced X2 interface should include the LTE UL carrier bandwidth and ARFCN, LTE SFN, LTE PRACH configuration index, LTE PRACH frequency offset, LTE PUCCH location, and LTE SRS subframe configuration. In addition, a time-frequency resource pattern can be signalled to the gNB or to the eNB for reserving resources for scheduling LTE PUSCH transmissions. 
2.4 Adjacent-channel co-existence
The main concern in the LTE-NR adjacent-channel co-existence is to ensure the NR to have same transmission direction with LTE, and avoid the cross-interference. In order to ensure this:

Firstly, for the adjacent-channel co-existence, the LTE eNB and NR gNB synchronization and LTE TDD configuration should be ensured. For the synchronization consideration, with the assumption that subframes are aligned in the co-existence scenario, the SFN offset and subframe offset between LTE and NR are further required for NR gNB, to find the exact DL/UL and special subframe locations for LTE.

Secondly, in addition to the DL/UL subframes configurations, LTE TDD special subframe has 9 kinds of configurations, so the lengths of DwPTS/GP/UpPTS also need to be known by the NR gNB to avoid cross-interference between LTE and NR or to avoid being too conservative in its resource reservations.
Proposal 4: For the adjacent-channel co-existence scenario, the signaling to gNB over Xn interface and enhanced X2 interface should include LTE SFN offset and subframe offset between LTE and NR; the LTE TDD configuration; and the LTE TDD special subframe configuration.
3 Conclusion

In this contribution, the discussion on the information exchange between LTE and NR to support different co-existence scenarios are given. And the following proposals are drawn:
Proposal 1: In the LTE/NR coexistence scenario based on SCell On-Off, the signaling to gNB over Xn interface and enhanced X2 interface should include the LTE SCell status (for DL and UL carriers, respectively), LTE SCell carrier bandwidth and ARFCN (for DL and UL carriers, respectively), LTE SCell DRS configuration, LTE SFN.
Proposal 2: For MBSFN based DL co-channel coexistence, the signaling to gNB over Xn interface and enhanced X2 interface should include the number of CRS ports and CRS frequency shift, subframe offset between eNB and gNB, MBSFN subframes configuration, the number of OFDM symbols of the PDCCH region, along with DL carrier bandwidth and ARFCN. In addition, a time-frequency resource pattern can be signalled to the gNB or to the eNB for reserving resources for scheduling LTE PDSCH transmissions.
Proposal 3: For the UL co-channel coexistence, the signaling to gNB over Xn interface and enhanced X2 interface should include the LTE UL carrier bandwidth and ARFCN, LTE SFN, LTE PRACH configuration index, LTE PRACH frequency offset, LTE PUCCH location, and LTE SRS subframe configuration. In addition, a time-frequency resource pattern can be signalled to the gNB or to the eNB for reserving resources for scheduling LTE PUSCH transmissions. 
Proposal 4: For the adjacent-channel co-existence scenario, the signaling to gNB over Xn interface and enhanced X2 interface should include LTE SFN offset and subframe offset between LTE and NR; the LTE TDD configuration; and the LTE TDD special subframe configuration.
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