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At the 3GPP TSG RAN #71, a SID proposal [1] for a new next generation radio access technology was approved which targets to address the following use cases and application scenarios as defined in TR 38.913 [2]:
· Enhanced mobile broadband (eMBB)
· Massive machine-type-communications (mMTC)
· Ultra reliable and low latency communications (URLLC)
In addition, the following RAN architecture requirements for NR was captured in [2] and stipulates that
· 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.
In this contribution, we provide a list of high level D2D functionalities that should be investigated in 5G NR, including UE cooperation, a proposal for user cooperation in NR which exploits sidelink-based D2D short-range communications to enhance spectrum efficiency, system capacity and UE experience in order to address the requirements of the afore-mentioned use case scenarios.
Motivation
In LTE, D2D communication has mostly been used for public safety. However, the initial sidelink design for D2D is being expanded for new services and applications (UE relaying in Rel-13, V2V in Rel-14, possibly MTC and wearables). In addition, there is a strong support for NR to enable sidelink based architecture and functionalities as part of its baseline design [3] in order to boost the performance of use case scenarios such as eMBB, mMTC and URLLC. Design of sidelink for D2D and UE-NW relay in 5G NR is highly related to radio access network architecture and new air interface in 5G NR. RAN1 should investigate how to make sure that the NR deployment takes full advantage of the sidelink in order to make the network capable of accommodating a wide range of services. A systematic approach is expected to have sidelink and relay under consideration when laying out the 5G network architecture, designing new air interface and multiple access schemes. 
Proposal 1: Sidelink should be considered at the beginning of NR study and should tightly be integrated with the cellular component of NR. 
The next section will discuss the high level D2D functionality to be studied for 5G NR; here we go into more detail into the motivation for UE cooperation which has not been considered as much in the context of LTE. Cooperative communications, notably CoMP, where multiple RRUs cooperate to send data to a single UE, has long been recognized in LTE as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase the overall system throughput and as such has been integrated into LTE-Advanced as of Release 11/12. On the other hand, UE cooperation, based on direct mobile communication between UEs is another cooperation approach that has not been explored so far. Indeed, in current LTE cellular systems, UEs are addressed individually by network TRPs through access links which does not take into consideration the potential for cooperation among UEs in uplink or downlink using sidelink-based functionalities. Therefore, sidelink-based UE cooperation should be considered as a design target for next generation radio access technology and could be viewed as "CoMP for UEs".
The concept of UE cooperation has become all the more relevant since, owing to the popularity of smartphones and other portable devices, the number of end user terminals in current cellular networks has seen a dramatic rise over the recent past. Generally speaking, a UE is nearly always in proximity of several other UEs, thereby offering a lot of potential for UE cooperation. For 5G NR, the trend of ever-increasing UE densities will likely continue, and may even increase at a faster pace. Idle UEs not actively communicating with the network or otherwise in lightly connected mode, or even in DRX mode, can help active UEs to receive/transmit data from/to the network more reliably, thereby improving the overall spectrum efficiency, system capacity and UE experience. 
A network assisted UE cooperation results in better coverage by providing more possible transmission paths from network to the target UEs. In a very dense network, such path diversity is even more beneficial when the cooperating UEs are exposed to different TRP sets than target UEs. As such, more traffic-offloading and TRP-muting opportunities arise for conserving more energy without compromising the QoS/QoE satisfaction. The access network can schedule the users benefiting from the UE cooperation and take into account factors such as the creation of cooperation groups, privacy restrictions, battery consumption and cooperation incentive. UE cooperation benefits can be leveraged towards achieving different design targets from enhancing network throughput and coverage, to overcoming cell edge limitation and therefore enhancing UE experience, improving the overall energy efficiency of 5G networks and/or reducing the operational and capital expenditure (OPEX/CAPEX) for network deployment.
UE cooperation should be introduced into NR since it can provide many benefits to the network such as offloading the traffic, extending coverage, improving spectrum efficiency, reducing power consumption, scaling the network etc.  
Proposal 2: Sidelink based UE Cooperation should be supported in NR for both uplink and downlink.
Areas of study for D2D in 5G NR
Support for UE-NW Relays
In Rel-13, UE to NW relay was standardized in the eD2D WI. While initially developed for public safety, this functionality has a lot of potential benefits for commercial customers as well. For instance:
· UE-NW relays allow to increase coverage and throughput in eMBB use case scenarios
· A UE in an indoor coverage hole (e.g., basement) could use another UE in vicinity within the house  to communicate with the network
· With wearables and V2X applications becoming mainstream, it is beneficial to use a regular UE (e.g., smartphone) to communicate with the network
· Using a UE relay is one way to reduce power consumption and/or increase range
As a consequence, we propose the following:
Proposal 3: UE-to-Network Relay should be supported in NR to enable sidelink-based UE cooperation.
Group-based UE cooperation
As illustrated in Figure 1, UEs in close proximity can be grouped into UE cooperation groups (CG)s that behave as distributed transceivers with respect to the network. A UE cooperation group may consist of at least one cooperating UE (CUE) and one target UE (TUE). TUEs are the actual intended destinations of the signals transmitted to/from a network TRP towards a UE CG. CUEs help TUEs in communicating with the network using D2D sidelinks for short-range communications within the corresponding UE CGs. In doing so, CUEs effectively act as UE-to-Network relays towards the TUEs. CUEs could be selected from the set of active or idle devices within the neighborhood of the TUEs provided they are willing to cooperate (e.g. in exchange for some incentive) or operator-aware terminals, strategically deployed by subscribers (end-users) or operators for the sole purpose of UE cooperation.
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Figure 1 D2D sidelink enabled group-based UE cooperation in 5G RAN.
 
Focusing on the downlink illustrated in Figure 1, group-based UE cooperation essentially involves two phases:
· Network multicast phase: Network multicasts a data packet to a UE CG. Depending on the cooperation scenario and strategy, both TUEs and CUEs try to decode the packet during this phase. 
· UE cooperation phase: CUEs forward cooperation information to the TUEs to help them decode the packet received during the multicast phase. Information sent by CUEs during the cooperation phase depends on the cooperation strategy, e.g. amplify-and-forward (AF), decode-and-forward (DF), compress-and-forward (CF), (frequency-selective) soft-forwarding (SF), joint reception (JR), as described in [5], [6]. 
[image: ]
Figure 2 Two-phase UE cooperation: (i) multicast phase using traditional downlink access links and (ii) cooperarion phase using D2D sidelinks.

Depending on whether TUEs are within network coverage (Figure 2-a) or outside network coverage (Figure 2-b), TUEs may combine the information received from TRP during multicast phase and/or CUEs during the cooperation phase, in order to decode the original packet transmission. For the in-coverage scenario, all signaling between the TRP and TUE can be conveyed through the direct access link between TRP and TUE, whereas for the out-of-coverage case such signaling will have to be conveyed through CUEs.
CUEs operate as UE-to-NW relays at the PHY/MAC/RLC layers, i.e. below the PDCP layer which is responsible for ciphering and integrity protection, and therefore any privacy concerns can be alleviated since CUEs are unable to interpret encrypted TUE information.
Proposal 4: Group-based UE cooperation should be supported in NR.
Management/scheduling function for UE-NW relays
In LTE Rel-13, the resources used for relay and remote UEs are scheduled by eNB when in coverage. To support more extensive UE cooperation, the function of scheduling can be introduced in relay UEs to allocate resources for TUEs. In addition, multiple-hop relay can be considered and studied to quantify its benefits.
One relay should be able to serve multiple UEs as shown in Figure 3. In such a case, the UE relay can act as a packet aggregator. This is especially beneficial for small packet scenarios, e.g. metering, wearable devices. 
[bookmark: _Ref449706263][image: ]
Figure 3 One relay UE serves multiple TUEs.

For some TUEs with urgent service or large packets, there can be also multiple relays that serve to the same TUE as shown in Figure 4. The data forwarding by different relay UE can be the same or different. This can both improve the transmission reliability and simplify packet delivery if, for instance, a large packet is split into several pieces, each piece sent through a different relay. In addition, network coding can be used to further improve performance.
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[bookmark: _Ref449706293]Figure 4. Multiple relay UEs serve one TUE.
For the in-coverage scenario, network can coordinate allocation of resources for D2D sidelinks during the UE cooperation phase. In addition, a UE (either TUE or CUE) may assist in the resource allocation while still under the network management, in order to maximize the cooperative gain. For example, coarse allocation by the network of radio resources used by different UE CGs may allow for efficient interference coordination in order to extract the most benefits from UE cooperation. The network may also assist with the scheduling of resources within UE CGs 
Proposal 5: Sidelink resource allocation should be coordinated by the network. However, UEs may assist in the resource allocation while still under the network management, in order to maximize the UE cooperation gain.
Unicast for sidelink operation
In the use case scenarios from SMARTER SA1 activity [4] and RAN plenary [1], plenty of example of sidelink usage are given. Some of these cases are clearly unicast services, such as wearables or MBB hot spot. The data rate can be highly variable, from b/s to Gb/s and long range may be necessary. The current LTE sidelink design where the sidelink relies on broadcast at the PHY layer, and provides unicast through higher layer is clearly not optimal: To accomodate the wide range of use cases for the NR sidelink, it is necessary to optimize the link for unicast transmission.  In addition, robust link adaptation and MIMO need to be implemented to provide the high bit rates and reliability needed by some applications. This requires a feedback mechanism on the sidelink to provide e.g., ACK/NAK feedback for HARQ or CSI feedback. Closed loop power control can also be considered for unicast sidelink communication while issues such as amount of network control of these unicast sidelinks would need to be discussed. 
Proposal 6: NR sidelink should be able to handle unicast transmissions at the PHY layer, and feedback mechanisms (e.g., CSI, ACK/NAK feedback) should be supported on the sidelink.
Unlicensed sidelink operation
To support eMBB and in order to avoid interference with access link operation, CUEs can operate in a different frequency band when forwarding information during the cooperation phase. For delay-tolerant applications, such bandwidth may correspond to the unlicensed spectrum for example; therefore it is proposed to support D2D sidelink operation over unlicensed spectrum band. mmWave D2D over licensed or unlicensed spectrum band can also be used to support such UE cooperation which can be especially useful for applications with lower latency requirements. Note that since low transmission power is usually enough to support D2D short-range communications, the cooperation bandwidth can be spatially reused over different cooperation groups.
For the coexistence over licensed and unlicensed carriers, LAA based sidelink communication should be supported. As illustrated in Figure 5, NR-sidelink can be operated over one unlicensed CC and or one licensed CC depending on the supported use cases and scenarios which will make NR-sidelink more attractive to operators. Work done in LAA can be a starting point.


[bookmark: _Ref450563034]Figure 5 Unlicensed sidelink.
Proposal 7: NR should support D2D sidelink operation over licensed and/or unlicensed spectrum bands.
Initial simulation results for UE cooperation
Referring to downlink system-level simulation set-up considered in [6] (briefly summarized in Appendix), Figure 6 illustrates the potential upper bound throughput and coverage gains that can be obtained from UE cooperation based JR techniques (analogous to joint transmission (JT) in CoMP) compared to a baseline scenario not employing D2D Sidelink-enabled UE cooperation (i.e. with 0 CUEs per TUE). As can be seen, the performance gains are quite substantial (up to 50% sum throughput and 150% coverage gains with 10 CUEs per TUE). However, JR complexity scales proportionately with the size of the UE cooperation groups. Therefore, lower-complexity UE cooperation designs need to be considered. For example, DF-based UE cooperation where CUEs operate as DF UE relays combined with a simple CUE selection strategy can strike a reasonable complexity vs. performance tradeoff. As can be seen from Figure 6, DF-based UE cooperation provides substantial throughput and coverage gains (~ 30% sum throughput and ~70% coverage gains with only 2CUEs per TUE compared to a baseline scenario with 0 CUEs per TUE).
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[bookmark: _Ref445656710]Figure 6 Throughput and coverage gains with respect to a baseline scenario not employing UE cooperation techniques.
Conclusions
In this contribution, it is proposed to support UE cooperation in transmission/reception using sidelink-based direct UE-to-UE communications in order to help meet the target requirements of NR.
Proposal 1: Sidelink should be considered at the beginning of NR study and should tightly be integrated with the cellular component of NR.
Proposal 2: Sidelink based UE Cooperation should be supported in NR for both uplink and downlink.
Proposal 3: UE-to-Network Relay should be supported in NR to enable sidelink-based UE cooperation.
Proposal 4: Group-based UE cooperation should be supported in NR.
Proposal 5: Sidelink resource allocation should be coordinated by the network. However, UEs may assist in the resource allocation while still under the network management, in order to maximize the UE cooperation gain.
Proposal 6: NR sidelink should be able to handle unicast transmissions at the PHY layer, and feedback mechanisms (e.g., CSI, ACK/NAK feedback) should be supported on the sidelink.
Proposal 7: NR should support D2D sidelink operation over licensed and/or unlicensed spectrum bands.
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Appendix
Table A1. Main system level simulation parameters [6]
	Parameter
	Setup

	Deployment
	3GPP Case 1 macro consisting of 63 cells with wrap-around 

	Number of TUEs
	10 per macro

	Number of CUEs per TUE
	0, 2, 5, 10

	CUE deployment
	uniformly dropped within a 100m radius of each TUE

	Air Interface
	As per 3GPP LTE

	System Bandwidth
	10 MHz 

	Antenna configuration
	2 Tx Antennas at macro 
2 Rx Antennas at target users

	Transmission mode
	Open loop rank adaptation

	Cooperation mode
	Decode and forward, Joint reception

	Reception beamformer
	Linear interference rejection combining (IRC)

	Scheduler
	Proportional fair

	UE speed
	3 km/h
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