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[bookmark: _GoBack]1  Introduction
 Sidelink enhancement is a potential topic in NR as captured in TR 38.913 [1]:
· The RAN architecture shall support operator-controlled sidelink (device-to-device) operation, both in coverage and out of coverage.
· The RAN design for the Next Generation Radio Access Technologies shall provide D2D (e.g., ProSe) support for Public Safety.
 Currently, discussion of the sidelink enhancement is deferred to later releases but it is also helpful in phase 1 discussion to be aware of necessary functionalities needed in phase 2 in order to guarantee forward compatibility. In this paper, potential technology enhancement for sidelink in NR is discussed. First, we discuss potential commercial services involving sidelink communications. Then, we discuss potential points to be studied in future NR work items. Specifically, the following use cases are discussed:
· Load balancing
· Group-based communication/cooperation

2   Potential unitization of sidelink in NR
2.1 Load balancing 
 In release 13, the use case for D2D communications is only voice. The assumption of low rate communication limits the applicability of sidelink communication to the other use cases. Hence, improvement of data rate and reliability on sidelink is important for future use cases. Examples for such use cases is load balancing by utilizing sidelink relay communication. In Figure 1, an example of useful scenarios is depicted. In 5G, cells supporting above 6 GHz will be deployed. However, due to the nature of higher frequency bands, they somehow suffer from less coverage in comparison with cells with below 6GHz bands. In the cases, capacity of the cells with above 6 GHz bands might not be fully utilized due to less number of connected users to the cells. By utilizing D2D relay communication, users outside the coverage can be served by such cells. If the data rates both on sidelink and Uu link are high enough to support data services at remote UEs, the resource utilization in the systems is improved by realizing such D2D relay communication. Note that, to validate this use case, the relationship between communication distance and achievable data rate has to be clarified. 
Observation 1 
D2D UE-to-Network Relay is useful in NR for both commercial and public safety use cases.
[image: ]
Figure 1 An example of load balancing to limited coverage cell

Observation 2
Improvement of data rate on sidelink communication is important for load balancing use cases.

2.2 Group-based communication/cooperation
As discussed in ongoing Rel-14 further enhancement of D2D (FeD2D) [2], it should also be assumed in NR that users have multiple terminals with multiple radio-interfaces. In such situation, it is an important problem how to coordinate such multiple terminals in order to realize efficient communication.
One potential approach is to manage devices in a cluster-based manner as depicted in Figure 2. According to the association among devices, each user organizes a group of devices (cluster). In the cluster, a few terminals have interfaces to NR network and management of the devices is realized indirectly through the interfaces. The benefit of such cluster-based management is mainly reduction of both power consumption and device cost at remote UEs because remote UEs don't have to communicate with gNB but with proximity UEs. In addition, by keeping multiple-path to the network, service continuity at remote UEs can be enhanced by network management as discussed in Rel-14 FeD2D [2]. 
In addition, if multiple UEs connecting to NR network are available, clustering-based management can be used to enhance system capacity by performing UL coordinated transmission and/or DL coordinated reception, which is mentioned in [3]. The detailed discussion is omitted in this contribution.

Observation 3
Multi-RAT environment should be assumed in the discussion of D2D enhancement in NR.
Observation 4
Group-based management/cooperation of D2D communications brings various kinds of benefit to NR network.
[image: ]
Figure 2 D2D cluster based management

3   Technical area
 Based on use cases in the previous section, the following technology areas should be studied in NR. 
Improvement of data rate and reliability
To apply sidelink for FTP type traffic, broadcast based data transmission in Rel-13 is not efficient. Therefore, unicast transmission should be realized for sidelink in NR. In addition, HARQ retransmission should be also supported for efficiency. Depending on the use case assumed for sidelink in NR, higher-order modulation than in Rel-13 should also be supported for sidelink communication in NR.
Cluster based management
As mentioned in the previous section, management of UEs with multiple radio interfaces should be discussed in NR. Similar discussion has already started in FeD2D WI. Therefore, in NR, based on result of the discussion in FeD2D WI, further enhancement can be discussed. 
Cooperation among UEs
To realize coordinated transmission and reception via sidelink cooperation, low latency communication architecture is needed in sidelink. In addition, security aspects should be considered because data for other users may be decoded for coordination in some cooperation scenarios.
Numerology for Sidelink support
Through the discussion in this paper, various use cases should be supported in NR in addition to the voice application. Since appropriate numerology is generally different depending on required delay and data rate, numerology for sidelink communication may be different depending on the assumed use cases. Hence, multiple types of target performance should be assumed for sidelink numerology. For example, numerology and frame structure for eMBB should be assumed for load balancing use cases because high data-rate is required at remote UEs. On the other hand, numerology and frame structure for URLLC should be assumed for mission critical use cases because low latency and reliability is needed.
Observation 5
Depending on the assumed use cases, appropriate numerology and frame structure for sidelink is different.
Proposal
Discussion of numerology and frame structure should be aware of applicability to sidelink communication both for eMBB and URLLC use cases.

4   Conclusion
 In this contribution, we have observed potential use cases of D2D communications in NR. Observations and a proposal are listed as follows:
Observation 1 
D2D UE-to-Network Relay is useful in NR for both commercial and public safety use cases.
Observation 2
Improvement of data rate on sidelink communication is important for load balancing use cases.
Observation 3
Multi-RAT environment should be assumed in the discussion of D2D enhancement in NR.
Observation 4
Group-based management/cooperation of D2D communications brings various kinds of benefit to NR network.
Observation 5
Depending on the assumed use cases, appropriate numerology and frame structure for sidelink is different.
Proposal
Discussion of numerology and frame structure should be aware of applicability to sidelink communication both for eMBB and URLLC use cases.
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