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1. Introduction

At the RAN3#98 meeting, a way forward on LTE-NR resource allocation coordination [1] was agreed, paving the way for the discussion to proceed on subsequent meetings.
This contribution outlines and motivates several essential assumptions as the basis for the discussion.

2.  Discussion
Two practical scenarios are of interest for LTE-NR spectrum sharing:
1. UL only sharing: a practical manifestation of this scenario is the so-called Suplemetary UL scenario, where a normal NR DL+UL deployment (e.g. mid-band deployment at 3.5 GHz) is suplemented with another UL at lower frequency (e.g. 700 MHz), for improved UL coverage. The extra NR UL is placed in an LTE UL band, which calls for LTE-NR coordination in order for the two RATs to coexist on the UL. The fact that the UL is normally less loaded than DL is a strong enabler of this scenario (I.e. there may be spare capacity in the LTE UL band).
2. DL and UL sharing: should an operator have no NR spectrum of their own, they may want to deploy NR in their existing LTE spectrum, implying that both DL and UL would be shared between NR and LTE.
Observation 1: two scenarios are of interest for LTE-NR spectrum sharing: 1) UL-only sharing; 2) UL and DL sharing.

The resource allocation between LTE and NR requires X2 communication between the nodes of the two RATs, enabling them to mutually express their resource requirements. The way forward [1] stipulates that both eNB and gNB can initiate the negotiation procedure. Nevertheless, if backwards compatibility with legacy LTE UEs is to be maintained, the coexistence mechanism should not require modifications of LTE cell-level signalling, meaning that resource division should be done at the convenience of LTE. In other words, it is the eNB that should have the full mandate to decide on how to divide the resources with NR, while taking the resource needs expressed by the gNB into account as much as possible. 
Proposal 1: the LTE-NR spectrum-sharing mechanism should give precedence to the LTE peer, implying that the eNB should have the final word in resource division between the RATs. The LTE cell-level signalling should not be affected by the coexistence, to maintain compatibility with legacy LTE UEs. 

A salient feature of LTE RAT is that there exist several always-on reference and control signals, that are used for network functions such as initial access, synchronization, and UE scheduling. Some examples of these signals are CRS, PSS, SSS, PBCH and PDCCH. 

Observation 2: there exist several always-on LTE control channels and reference signals that are vital for LTE network operation, and whose transmission should not be affected by the LTE-NR spectrum sharing mechanism, to maintain backwards compatibility with legacy LTE.

The general LTE-NR resource sharing principle is that LTE allocates portions of time-frequency resource grid to NR. In the context of LTE-NR spectrum sharing, and the backwards-compatibility requirement expressed in Proposal 1, the transmission of the aforementioned always-on LTE signals should be unaltered, even if the resource division between LTE and NR is such that the signals are positioned in the parts of time-frequency resource grid assigned to NR. 

Proposal 2: due to the existence of always-on LTE control/reference signals, certain resources inside the part of the grid assigned to NR are still to be used for LTE control/reference signal transmissions. The LTE should indicate these resource allocation exclusions to NR.

The time-frequency resource grid consists of a number of physical resource blocks (PRBs). However, the LTE always-on signals generally do not occupy the entire PRB that they are transmitted in. To prevent resource wastage, the NR should be able to use the portions of the PRB that are not used for LTE always-on signals. This calls for symbol-level granularity to be used for resource allocation exclusions that the eNB should indicate to the gNB. 
Proposal 3: symbol-level granularity is required for LTE to indicate the position of its always-on signals to NR, because some LTE control signals do not use the entire PRB in which they are transmitted, so these unused REs can still be used for NR transmissions. 
Certain LTE cell-level signals, such as CSI-RS, for example, are optional, meaning that the eNB has the possibility of muting the corresponding transmissions at certain occasions. To avoid resource wastage, the eNB should be able to indicate to the gNB that the entire corresponding PRB is free for use by the NR. This implies that the resource indication communication between LTE and NR should also allow PRB-level granularity.
Proposal 4: PRB granularity in resource allocation indication should be supported, to account for the situations where certain LTE cell-level signals are turned off. This would enable the eNB to indicate to the gNB that an entire PRB, the portion of which is normally assigned to an LTE cell-level signal, is free for use by NR, due to the aforementioned LTE cell-level signal being muted at that particular occasion.
In practical scenarios, the pattern of LTE cell-level signalling transmissions remains unchanged for long periods of time. This is relevant for resource sharing in the sense that, once the eNB has communicated these patterns to the gNB, this information remains valid for long periods of time. On the other hand, the UL and DL UP traffic is generally bursty in nature, meaning that the UP resource allocation has much faster dynamics than cell-level LTE signalling. 

Observation 3: the LTE cell-specific signalling charcteristics, in practice, remain unaltered for extended periods of time and can be considered semi-static. Meanwhile, the needs of UP trafficfor resource allocation vary on a short time-scale, as a consequence of the bursty nature of UP traffic and fluctuations of population of active users in the cell.

Proposal 5: the signalling to exchange cell level resource configuration between LTE and NR should be considered seldom, due to the semi-static nature of the resource configuration exchanged.
3. Conclusion

This contribution outlines essential assumptions for discussion on LTE-NR spectrum sharing. The observations made and proposals raised in this contribution are listed below:
Observation 1: two scenarios are of interest for LTE-NR spectrum sharing: 1) UL-only sharing; 2) UL and DL sharing.

Observation 2: there exist several always-on LTE control channels and reference signals that are vital for LTE network operation, and whose transmission should not be affected by the LTE-NR spectrum sharing mechanism, to maintain backwards compatibility with legacy LTE.

Observation 3: the LTE cell-specific signalling charcteristics, in practice, remain unaltered for extended periods of time and can be considered semi-static. Meanwhile, the needs of UP traffic for resource allocation vary on a short time-scale, as a consequence of the bursty nature of UP traffic and fluctuations of population of active users in the cell.

Proposal 1: the LTE-NR spectrum-sharing mechanism should give precedence to the LTE peer, implying that the eNB should have the final word in resource division between the RATs. The LTE cell-level signalling should not be affected by the coexistence, to maintain compatibility with legacy LTE UEs. 

Proposal 2: due to the existence of always-on LTE control/reference signals, certain resources inside the part of the grid assigned to NR are still to be used for LTE control/reference signal transmissions. The LTE should indicate these resource allocation exclusions to NR.

Proposal 3: symbol-level granularity is required for LTE to indicate the position of its always-on signals to NR, because some LTE control signals do not use the entire PRB in which they are transmitted, so these unused REs can still be used for NR transmissions. 

Proposal 4: PRB granularity in resource allocation indication should be supported, to account for the situations where certain LTE cell-level signals are turned off. This would enable the eNB to indicate to the gNB that an entire PRB, the portion of which is normally assigned to an LTE cell-level signal, is free for use by NR, due to the aforementioned LTE cell-level signal being muted at that particular occasion.

Proposal 5: the signalling to exchange cell level resource configuration between LTE and NR should be considered seldom, due to the semi-static nature of the resource configuration exchanged.
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