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1 Introduction

In last RAN1 NR Ad-hoc meeting, there was a discussion on LTE-NR coexistence and a conclusion was captured [1].
	Conclusion:

· For LTE-NR coexistence in UL, at least for collocated LTE and NR base stations, study further resource allocation aspects for NR-PUSCH to facilitate handling FDM’ed NR and LTE transmissions 


This document compares some resource sharing methods for UL LTE-NR coexistence and discusses the need of dynamic FDM’ed resource sharing.
2 Methods of resource sharing for UL
For UL LTE-NR coexistence, in the same spectrum, flexible resource sharing between LTE and NR is feasible, because LTE control channel and reference signal are localized in time/frequency domain, which is different from DL. The following resource sharing methods for UL have been discussed in some contributions (e.g., [2]).
· Semi-static resource sharing with FDM manner

· Semi-static resource sharing with TDM manner

· Dynamic resource sharing

These methods have some advantages and disadvantages, respectively, and those are described as follows. 
Semi-static resource sharing with FDM manner
Figure 1-(a) shows examples of semi-static resource sharing with FDM manner. In this method, the spectrum for LTE-NR coexistence is separated semi-statically and LTE and NR are operated in two separated spectrums, independently. It is a simple way, but in early and later phase of LTE-to-NR migration, it cannot realize efficient resource utilization because configurability of LTE system bandwidths are limited, i.e., 1.4, 3, 5, 10, 15, 20MHz. 

For example, in early LTE-to-NR migration phase, the number of NR UEs or/and NR traffic may be smaller than those of LTE. Assuming that LTE-NR coexistence is operated in 10MHz of existing LTE spectrum, semi-static FDM’ed method must separate LTE 10MHz spectrum into 5MHz of LTE and 5MHz of NR due to limitation of configurability of LTE system bandwidth. Then, LTE UEs may suffer from significant decrease of LTE spectrum resource and NR spectrum resource may be too much for NR UEs.

On the other hand, in later LTE-to-NR migration phase, the number of LTE UEs or/and LTE traffic may be smaller than those of NR. In this case, LTE system bandwidth must be remained 1.4MHz at least as long as only one LTE UE exists. This operation is not efficient in spectrum resource utilization.
Observation 1: Semi-static FDM’ed resource sharing is a simple way, but it cannot realize efficient resource utilization in early and later phase of LTE-to-NR migration, because configurability of LTE system bandwidth is limited.
Semi-static resource sharing with TDM manner

Figure 1-(b) shows examples of semi-static resource sharing with TDM manner. In this method, either LTE or NR is operated subframe-by-subframe in the whole coexisting spectrum, based on semi-static configurations of subframes for LTE/NR. This method can configure the proportion of LTE and NR flexibly, therefore in early and later phase of LTE-to-NR migration, it can realize efficient resource utilization. However, since the configurations are determined in tens or hundreds milliseconds period, some low-latency services which require less than tens milliseconds of latency may not be applicable.
Observation 2: Semi-static TDM’ed resource sharing can provide efficient resource utilization, but it may not be able to meet requirement of some low-latency services, e.g., less than tens milliseconds of latency, due to semi-static configurations of subframes for LTE/NR.
Dynamic resource sharing
Figure 2 shows examples of dynamic resource sharing. In this method, resources in the coexisting spectrum may be allocated subframe-by-subframe for both LTE and NR. The allocation information can be indicated by LTE and NR physical control channel. Similar to semi-static TDM’ed method, efficient resource utilization even in early and later phase of LTE-to-NR migration can be provided. In this method, the simultaneous resource allocation for LTE and NR in a subframe, i.e., dynamic FDM’ed resource sharing, is possible.
For example, it is assumed that LTE and NR UL transmissions of which transport block sizes are small occur simultaneously. If dynamic FDM’ed resource sharing is not operated in a subframe, resources are allocated for only either of LTE or NR and the rest of resources cannot be utilized by the other. Furthermore, assuming NR transmission can allow little latency, it may cause packet loss of NR if it cannot be transmitted in this subframe. Therefore, it is preferred that dynamic FDM’ed resource sharing is operated from the viewpoint of spectral efficiency and packet latency.
Proposal 1: Dynamic resource sharing should be considered, not only semi-static resource sharing.
Proposal 2: In dynamic resource sharing, it is preferred that FDM’ed method is operated from the viewpoint of spectral efficiency and packet latency.
Some issues must be considered in order to realize dynamic FDM’ed resource sharing. First, it needs the tight cooperation in resource allocation for LTE and NR, such as mechanisms about exchange of information on resource position reserved for LTE/NR. Next, dynamic FDM’ed resource sharing causes interference between adjacent LTE and NR resources in some cases. One case is that LTE and NR have different numerologies, such as 15KHz SCS of LTE and 60KHz SCS of NR. In order to solve interference issue caused in the above case, introduction of guard-band and/or guard-time has been studied [2]. The other case is that UL DC tone handling is needed. In this case, appropriate resource mapping for LTE and NR by eNB scheduler, such as wide spacing between LTE and NR resources, can be considered as a candidate solution, but other solutions should be studied.

Proposal 3: In order to realize dynamic FDM’ed resource sharing, mechanisms of tight cooperation in resource allocation for LTE and NR and interference mitigation between adjacent LTE and NR resources should be studied.
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(a) With FDM manner



  (b) With TDM manner
Figure 1. Semi-static resource sharing [2]
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Figure 2. Dynamic resource sharing [2]
3 Conclusion
In this contribution, for UL LTE-NR coexistence, some resource sharing methods and those advantages and disadvantages were discussed. As results, we made the following observations and proposals.

Observation 1: Semi-static FDM’ed resource sharing is a simple way, but it cannot realize efficient resource utilization in early and later phase of LTE-to-NR migration, because configurability of LTE system bandwidth is limited.

Observation 2: Semi-static TDM’ed resource sharing can provide efficient resource utilization, but it may not be able to meet requirement of low-latency transmission, due to semi-static LTE/NR subframe configurations.
Proposal 1: Dynamic resource sharing should be considered, not only semi-static resource sharing.
Proposal 2: In dynamic resource sharing, it is preferred that FDM’ed method is operated from the viewpoint of spectral efficiency and packet latency.

Proposal 3: In order to realize dynamic FDM’ed resource sharing, mechanisms of tight cooperation in resource allocation for LTE and NR and interference mitigation between adjacent LTE and NR resources should be studied.
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