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The following RAN architecture requirements for NR are 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.
In [2], we introduced a use case of sidelink operation where UE cooperation in NR exploits sidelink-based D2D short-range communications to enhance spectrum efficiency, system capacity and UE experience in order to address the requirements for eMBB, mMTC and URLLC application scenarios discussed in [1],[3]. 
This contribution is a revised version of [2] which highlights the areas of study related to potential enhancements of sidelink functionalities required for NR. We further provide some initial system level simulation results for network assisted sidelink-based UE cooperation.

Areas of study for D2D in 5G NR
In this section, we provide a list of high level D2D functionalities that should be investigated in 5G NR, including UE cooperation use case.
Support for UE-to-NW Relays
In Rel-13, a Layer-3 UE-to-NW relay was standardized in the eD2D WI. While initially developed for public safety, UE to NW 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 1: UE-to-Network Relay should be supported in NR for both commercial and public safety applications.
Support for 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 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]. 
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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. The out-of-coverage scenario is useful to support Public Safety applications.
CUEs operate as UE 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 2: Sidelink-based UE cooperation should be studied in NR. Network-assisted group-based UE cooperation should also be supported.

Management/scheduling function for UE-to-NW relays
In LTE Rel-13, the resources used for relay and remote UEs are scheduled by eNB when in coverage. To enable efficient sidelink, the function of scheduling can be introduced in relay UEs to allocate resources for remote UEs. In addition, multiple-hop relay can be considered and studied to quantify its benefits.
One relay should be able to serve multiple remote UEs as shown in Figure 3. In such a case, the relay UE 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 remote UEs
For some remote UEs with urgent service or large packets, there can be also multiple relays that serve to the same remote UE 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 remote UE.
For the in-coverage scenario, network can coordinate allocation of resources for D2D sidelinks. In addition, a UE (either relay UEs or remote UEs) 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 3: 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 RAN plenary [1] and SMARTER SA1 activity [3], plenty of examples 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 be also considered for unicast sidelink communication while issues such as amount of network control of these unicast sidelinks would need to be discussed. 
Proposal 4: Unicast communications for sidelink should be studied in NR. 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.

UE measurement reports for NR sidelink
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Figure 5 (a) Example showing S-RSRP rings around a UE. The actual shape of the rings will be determined by channel propagation conditions around the UE. (b) Cross-interference between sidelink transmissions on the same sidelink resource. 
The high reliability requirements of many NR sidelink use cases (e.g., V2V for cooperation among autonomous vehicles) demand high Signal-to-Interference-plus-Noise Ratio (SINR) guarantees.
Sidelink transmissions from UEs sufficiently far apart (geographically) may reuse the same radio resources without much interference. In addition to UE geo-reports, the SL scheduler may also greatly benefit from UE reports derived from new NR PHY layer measurements of sidelink pathloss as well as sidelink interference at the UE.
Such measurements may include:
1. S-RSRP (Sidelink Reference Signal Received Power), defined in [4]. In case of vehicles, the S-RSRP may be conveniently obtained by measuring the received power of reference signals associated with periodic data transmissions from each vehicle UE.
2. Sidelink received interference power: A UE may monitor the background interference/noise in any given (unused) sidelink resource to determine whether it could enjoy a certain minimum SINR when receiving from a neighbor UE in that resource.
3. Sidelink interference headroom: A UE may monitor the link quality of ongoing sidelink transmissions and determine the maximum additional interference that could be added while still satisfying a certain minimum SINR.
Based on such measurements, the UE may then derive and report to the network
a. Information on whether a certain SINR can be achieved in a certain resource, and
b. Information on whether a nearby UE’s transmission would degrade reception below a certain SINR.
This would allow the SL scheduler to discard resources where the SINR cannot be achieved (a), or where the impact on the SINR of other sidelinks would be too high (b). Thus, high reliability could be provided.
Proposal 5: The UE shall perform PHY layer measurements related to sidelink pathloss and/or sidelink interference. Based on these measurements, the UE may report to the network information on whether a certain sidelink reliability can be achieved on a certain sidelink resource.
Unlicensed sidelink operation
NR sidelink can be operated over both licensed and unlicensed spectrum bands depending on the supported use cases and scenarios which will make NR sidelink more attractive to operators. To support eMBB and avoid interference with access link operation, sidelink transmission can operate in a different frequency band from the band used for Uu interface. 
mmWave D2D over licensed or unlicensed spectrum band can also be used to support sidelink transmission which can be especially useful for applications with lower latency requirements. For delay-tolerant applications, such sidelink bandwidth may correspond to the unlicensed spectrum for example; therefore it is proposed to support D2D sidelink operation over unlicensed spectrum band. Note that since low transmission power is usually enough to support D2D short-range communications, the sidelink spectrum bands can be spatially reused over different cooperation groups.
For the coexistence over licensed and unlicensed carriers,  licensed-assisted sidelink communication should be supported. As illustrated in Figure 6, NR-sidelink can be operated over one licensed CC and/or one unlicensed CC depending on the supported use cases and scenarios. 


[bookmark: _Ref450563034]Figure 6 Unlicensed sidelink.
Proposal 6: 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 7 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 7, DF-based UE cooperation provides substantial throughput and coverage gains (~ 30% sum throughput and ~70% coverage gains with only 2 CUEs per TUE compared to a baseline scenario with 0 CUEs per TUE).
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[bookmark: _Ref445656710]Figure 7 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: UE-to-Network Relay should be supported in NR for both commercial and public safety applications.
Proposal 2: Sidelink-based UE cooperation should be studied in NR. Network-assisted group-based UE cooperation should also be supported.
Proposal 3: 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 4: Unicast communications for sidelink should be studied in NR. 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 5: The UE shall perform PHY layer measurements related to sidelink pathloss and/or sidelink interference. Based on these measurements, the UE may report to the network information on whether a certain sidelink reliability can be achieved on a certain sidelink resource.
Proposal 6: 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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