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1. Introduction
At the RAN3ah-1801 meeting, a way forward on LTE-NR coexistence [1] was agreed, based on which the discussion will proceed on subsequent meetings.
This contribution discusses the design of signalling solution for LTE-NR coordination. The details of the solution are given in CRs to this meeting, targeting TS 36.423. 
2.  Discussion
The problem of LTE-NR spectrum sharing is the one of dividing the time-frequency resource grid between the two RATs, where the resources allocated to one RAT are not to be used by the other RAT during the agreed period. In this contribution a basic assumption is that the frequency carrier resources shared by LTE and NR are partitioned between the two RATs, namely areas of such resources are dedicated to LTE and other areas are dedicated to NR. An important thing to consider is that there exist certain always-on LTE DL reference and control signals and channels that are vital for LTE network operation, and whose transmissions occur on strictly predefined parts of resource grid at strictly predefined intervals. The transmission of these LTE signals must take place, even if these signals are to be sent in the parts of time-frequency resource grid assigned to NR. 
2.1 LTE DL control and reference signals
In the LTE DL, the always-on control channels and reference signals in regular subframes and control regions of MBSFN subframes are:

· PDCCH: carries scheduling assignments and other control information. It occupies the entire LTE carrier bandwidth during the first 1, 2 or 3 OFDM symbols of every regular subframe and the control regions of MBSFN subframes. Occasionally overlapped by PCFICH and PHICH.
· PSS and SSS: used by the UE to obtain the cell identity and frame timing. These two signals occupy the middle 6 RBs (i.e. 72 subcarriers) of the LTE carrier bandwidth, transmitted in slot 0 (subframe 0) and slot 10 (subframe 5) in FDD. In the time dimension, PSS and SSS are sent in adjacent OFDM symbols, occupying 1 symbol each.
· PBCH: used by the UE to obtain MIB, SFN, PHICH structure, DL bandwidth. PBCH is sent sequentially, with a quarter of the content sent every 10 ms, and total periodicity of 40 ms. Occupies middle 6 PRBs of LTE carrier bandwidth in the frequency dimension and 4 OFDM symbols in time domain.
· CRS: sent on resource elements spread throughout the frame, in specific locations defined by the standard. Used by the UEs for: cell search and initial acquisition, DL channel quality measurements, DL channel estimation for coherent demodulation/detection. Transmitted regularly, where the number of CRS symbols in one scheduling block (180 kHz x 1 ms) depends on number of antenna ports (1/2/4). Position in time dimension is fixed, and in frequency dimension it depends on PCI.
In addition to the always-on nature, a common denominator for the above 4 types of signals is the fact that they occur periodically at strictly predetermined positions in the resource grid. This determinism can be exploited in LTE-NR coordination signalling, in the sense that one RAT can indicate to the other RAT the positions of the always-on signals in the resource grid in a simple manner. 
Observation 1: regarding the always-on LTE DL control signals in regular subframes and control regions of MBSFN subframes, three types of transmission patterns can be identified:

· Signal occupies full LTE carrier bandwidth, an example of which is PDCCH;
· Signal occupies the middle of LTE carrier bandwidth, examples of which are PSS/SSS and PBCH;
· Signal occupies symbols spread over the entire LTE resource grid, an example of which is CRS.

Observation 2: the determinism in transmission of LTE always-on signals can be exploited in LTE-NR coordination signalling.
The transmission of all other LTE DL control and reference signals is configurable. Hence, these signals can be confined to the part of resource grid allocated to LTE and will not overlap the NR area. However, should any of the participating RATs want to transmit these optional signals in the grid area of the other RAT, the signalling solution defined should enable that. 
2.2 LTE UL control and reference signals

There are no LTE UL reference or control signals that are essentially always-on and that would necessarily need to be sent outside of the resource grid area allocated to LTE. For instance, the DMRS is sent only within the scheduled bandwidth. The PUCCH is sent according to a predefined pattern, but within the bandwidth allocated to it. The SRS may be sent outside the band allocated to UL data traffic, but these transmissions are configurable and placing them out-of-band can be avoided, if so desired.
Observation 3: no LTE UL control or reference signals should be necessarily sent outside the resources allocated to LTE UL in the LTE-NR spectrum sharing scenario. 

2.3 NR control and reference signals

The inherent flexibility of NR enables it to keep the transmission of all signals within the scheduled bandwidth. Moreover, NR has the mechanisms to avoid out-of-band LTE signals. For example, RAN1 has decided that NR-PDSCH of 15 kHz numerology can be rate-matched around the LTE CRS [2].
Observation 4: no NR control or reference signals should be necessarily sent outside the resources allocated to NR in the LTE-NR spectrum sharing scenario.
3.  Solution design

Spectrum sharing between LTE and NR requires resource allocation information exchange over X2 and Xn interfaces in eNB – en-gNB and eNB - ng-gNB scenarios, respectively. It is also necessary to consider the distributed gNB case, where the information exchange should take place over the F1 interface. The general principles of the proposed solution are given below, while the detailed signalling solutions are submitted in CRs to this meeting. 

Maintaing the compatibility of LTE-NR coordination with legacy LTE is crucial, and the transmission of always-on LTE DL signals should proceed as defined by the standard. Otherwise, difficulties in functioning of legacy LTE devices may arise. For instance, in order to measure the DL received signal power from the eNB, legacy LTE UEs will expect to receive CRS at certain symbols, as defined by the standard. If these symbols are occupied by NR transmissions, the measurement will not be feasible.
Proposal 1: the solution for LTE-NR spectrum sharing shall by no means affect the transmission of LTE PDCCH, LTE PSS/SSS, LTE PBCH and LTE CRS, for the sake of preserving full backwards compatibility with legacy LTE.

The LTE always-on signals generally do not occupy the entire PRB that they are transmitted in. Certain PRBs assigned to NR will be punctured by LTE always-on signals. To prevent resource wastage, the NR should be able to use the portions of these punctured PRBs that are not used for LTE always-on signals. This calls for symbol-level granularity to be used for resource allocation exclusions that the LTE should indicate to the NR. 
As opposed to control signals that generally occupy a few OFDM symbols, the resources allocated for data traffic are generally much larger. In that respect, contiguous resources much larger than a few symbols may be allocated to one of the RATs. This calls for PRB- and subframe-level granularity in resource allocation signalling.
Proposal 2: the LTE-NR coordination signalling should support symbol-level granularity, to indicate to NR the positions of always-on LTE signals in the resource grid, as well as PRB- and subframe-level granularity to indicate the resources for control channels and data traffic in regular and MBSFN LTE subframes.

Certain parts of LTE RAT signalling are implicit, one example being the fact that if an UE knows the number of antennas, it can infer the positions of CRS signals in the resource grid. Implicit signaling leading to ambiguity has to be avoided in order to ensure interoperability between vendors.The resource allocation communication should be explicit, merely indicating which PRB or symbol is to be or not to be used by the other RAT. Having in mind that resource granularity of NR is much finer than the one of LTE, the resource allocations in LTE-NR coexistence should be expressed using the symbol, PRB and subframe LTE structure.
Proposal 3: the signalling for LTE-NR coordination should contain explicit indication of resources to be used/not to be used by the other RAT, using the symbol, PRB and subframe LTE structure.

As mentioned earlier, always-on control and reference signals occur periodically at strictly predetermined positions in the resource grid. This determinism should be exploited in coordination signalling solution design.
In accordance with the WF R3-180549 [1], both RATs should be able to trigger the coordination, meaning that both eNB and gNB should be able to send the messages indicating their desired resource allocation. This calls for definition of a Class 1 procedure.
Proposal 4: both the LTE and NR side should be able to trigger the coordination and express their desired resource allocation. A dedicated Class 1 procedure and corresponding data formats should be defined for this purpose.
4.  Coordination triggering and protection of always-on signals
Both LTE and NR shall be able to trigger the coordination. The RAT triggering the coordination shall state its desired resource allocation first, where the transmissions of always-on signals must be preserved. In case when the NR side triggers the coordination and states its desired resource allocation first, this resource allocation may conflict with the allocation of LTE always-on control resources. It is therefore necessary to ensure that such situations do not occur.
Having in mind that the configuration of LTE always-on signals changes seldom, the indication of protected LTE resources can be communicated during cell configuration i.e. when the X2 interface between eNB and gNB is set up, and when the eNB advertises its cells to the gNB using EN-DC X2 Setup Request/Response messages. Should the always-on signal configuration change, the change can be advertised within the EN-DC Configuration Update messages. The indication of protected resources requires a definition of a dedicated optional IE, whose optionality depends on whether the LTE-NR coexistence applies.
By indicating the protected resources prior to coordination triggering, it is ensured that NR will not demand the resources that LTE cannot lend and will respect the protected LTE resources inside its portion of the resource grid. After indicating the protected resources, the coordination procedure can be triggered by any of the two RATs. In line with the WF [1], the solution allows for future proofness, since it is flexible enough to support the situation when NR has priority.
Proposal 5: a dedicated Class 1 procedure and corresponding data formats should be defined for resource allocation indication, while the protection of LTE control resources should be ensured by modification of EN-DC X2 Setup Request/Response and EN-DC Configuration Update messages.
5.  Handling of LTE MBSFN subframes
The signalling solution design should consider the properties of LTE MBSFN subframes, because LTE reference/control signals can be sent only in the control region of an LTE MBSFN subframe. This region spans the first 0, 1, 2 or 3 OFDM symbols of an LTE MBSFN subframe, where the width of the region does not necessarily need to match the control region width in regular LTE subframes.
 The properties of MBSFN subframes affect the LTE-NR spectrum sharing.  In the context of control signals, the gNB needs to know which subframes are of MBSFN type, having in mind that the pattern of ‘protected’ LTE always-on control/reference signals does not hold in MBSFN subframes. The protected LTE signals are confined to the control region of MBSFN subframes, as opposed to non-MBSFN subframes, where the LTE control signals may occupy occasional symbols dispersed all over the subframe. The width of LTE MBSFN subframe control region is of no interest for the gNB, because the non-zero width of the MBSFN control region, set by the eNB, implies that there exists a need for transmissions of LTE PDCCH and LTE control/reference signals embedded therein, and these resources are not to be shared with NR anyway. 
There already exists signalling that can be used to indicate the MBSFN subframe transmission pattern to gNB. Namely, the Served E-UTRA Cell Information IE already included in the EN-DC X2 Setup Request, EN-DC X2 Setup Response and EN-DC Configuration Update messages, contains the MBSFN subframe transmission pattern.

From the above considerations and Proposal 3, it follows that: 1) the gNB needs to know that the pattern of always-on LTE reference/control signals does not apply in certain subframes and it needs to know which these subframes are; 2) the gNB needs to know which resources in these exceptional subframes it may use. From the above discussion it follows that NR may be assigned only resources in the non-control region of MBSFN subframes.

Proposal 6: the signalling for LTE-NR coordination should handle the MBSFN subframe properties as follows:
· The pattern of protected always-on LTE control/reference signals should hold only in the ontrol region of MBSFN subframes;
· The resources in the non-control region of MBSFN subframes may be allocated to NRThese resources shall be unilaterally indicated to NR by LTE as part of the new Class 1 procedure.
6.  Structure of the proposed solution
The proposed solution, described in detail in CRs submitted to this meeting, targets the X2AP TS 36.423. 
The proposed solution consists of:

· Design of resource allocation information exchanged between LTE and NR base stations;
· A Class 1 procedure enabling the coordination info exchange between LTE and NR. The procedure needs to be executed both on X2 and on F1, the purpose of the latter being to enable the distributed gNB scenario;

· An IE for EN-DC X2 Setup Request/Response and EN-DC Configuration Update messages, used to indicate the protected control and reference signal resources.
7.  Conclusion
This contribution presents the ground principles of signaliling solution for LTE-NR spectrum sharing. The observations made, and proposals raised in this contribution are as follows:
Observation 1: regarding the always-on LTE DL control signals in regular subframes and control regions of MBSFN subframes, three types of transmission patterns can be identified:

· Signal occupies full LTE carrier bandwidth, an example of which is PDCCH;

· Signal occupies the middle of LTE carrier bandwidth, examples of which are PSS/SSS and PBCH;

· Signal occupies symbols spread over the entire LTE resource grid, an example of which is CRS.

Observation 2: the determinism in transmission of LTE always-on signals can be exploited in LTE-NR coordination signalling.
Observation 3: no LTE UL control or reference signals should be necessarily sent outside the resources allocated to LTE UL in the LTE-NR spectrum sharing scenario. 

Observation 4: no NR control or reference signals should be necessarily sent outside the resources allocated to NR in the LTE-NR spectrum sharing scenario. 
Proposal 1: the solution for LTE-NR spectrum sharing shall by no means affect the transmission of LTE PDCCH, LTE PSS/SSS, LTE PBCH and LTE CRS, for the sake of preserving full backwards compatibility with legacy LTE.

Proposal 2: the LTE-NR coordination signalling should support symbol-level granularity, to indicate to NR the positions of always-on LTE signals in the resource grid, as well as PRB- and subframe-level granularity to indicate the resources for control channels and data traffic in regular and MBSFN LTE subframes.
Proposal 3: the signalling for LTE-NR coordination should contain explicit indication of resources to be used/not to be used by the other RAT, using the symbol, PRB and subframe LTE structure.

Proposal 4: both the LTE and NR side should be able to trigger the coordination and express their desired resource allocation. A dedicated Class 1 procedure and corresponding data formats should be defined for this purpose.
Proposal 5: a dedicated Class 1 procedure and corresponding data formats should be defined for resource allocation indication, while the protection of LTE control resources should be ensured by modification of EN-DC X2 Setup Request/Response and EN-DC Configuration Update messages.

Proposal 6: the signalling for LTE-NR coordination should handle the MBSFN subframe properties as follows:

· The pattern of protected always-on LTE control/reference signals should hold only in thecontrol region of MBSFN subframes;

· The resources in the non-control region of MBSFN subframes may be allocated to NR. These resources shall be unilaterally indicated to NR by LTE as part of the new Class 1 procedure.
8. References
[1] R3-180549, WF on LTE-NR coexistence
[2] R1-1801039 Summary of open issues related to rate-matching in NR
