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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. The new RAT shall be inherently forward compatible to allow specification in two separate phases (Phase I and Phase II). 
It was agreed in RAN1#84bis that New Radio frame structure(s) need to support at least: FDD duplex, TDD duplex, DL/UL/Sidelink transmission, Access/backhaul links, Standalone and Non standalone operation in unlicensed band as well as licensed-assisted operation in unlicensed band. It was also agreed to study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval. 
The following agreements related to NR frame structure were made in RAN1#85:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

General considerations on the flexible frame structure for NR are provided in the accompanying contribution [3], whereas [4] focuses on relaying aspects. In this contribution we provide details on the native support of sidelink operation using the frame structures proposed in [3] and [4]. 

2	Scenarios for native sidelink support
3GPP has standardized several features to support LTE sidelink operation and there are ongoing efforts to further expand related functionalities. So far, support for proximity services with main focus on public safety (PS) scenarios and vehicle-to-vehicle (V2V) communication have been the two main areas that benefit from sidelink operation. In addition, it has been recently approved a Rel. 14 Study Item on “Further enhancements to LTE device to device, UE to network relays for IoT and wearables” [5], which targets UE-to-network relay enhancements, for both commercial and PS use cases, and sidelink enhancements, with focus on reliable unicast low power transmission.
In the 5G time frame, although all the use cases that could benefit from sidelink support are not known with certainty, it seems reasonable to already provide native support for the basic sidelink functionalities in Phase I, at least for the especially relevant scenarios illustrated in Figure 1. These scenarios are introduced to later motivate the frame structure types best suited for each scenario.
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Figure 1. Example scenarios for sidelink support in NR
Some of the proposed scenarios in Figure 1 have already been covered to some extent in LTE Rel. 12/13 (e.g. 1.c, 1.f) or have been proposed as target scenarios for further sidelink enhancements in Rel. 14 (e.g. 1.e). It could be argued that the unicast scenarios (a), (b) and (d) can also be supported with currently standardized D2D, but what is meant here for NR is unicast support at the physical layer with L1 control loops, e.g. for increased spectral efficiency, instead of the broadcast physical layer transmission used in Rel. 12/13 D2D. Naturally, NR needs to consider support of scenarios in Figure 1 for multicast/broadcast applications as well, as required by some use cases. 
Figure 1.a shows a D2D communication mode in which the BS would tightly control the data exchange between devices, possibly with fully dynamic resource allocation and link adaptation, targeting e.g. eMBB use cases with high spectral efficiency. Figure 1.b also represents unicast D2D communication, but here the BS will let some MAC/RRM responsibilities to the D2D pair, such as e.g. link adaptation, HARQ, etc. The BS could configure certain Tx/Rx resource pools, and later it could be up to the D2D pair itself to choose which exact radio resources and transmission format to be used based on e.g. local measurements. In Figure 1.d, these considerations are extended to the inter-cell D2D case, in which some kind of coordination between BSs (ranging from minimal to tight) would be required. Figure 1.c illustrates the broadcast/multicast/unicast out-of-coverage operation based on physical layer broadcast transmission, as standardized in Rel. 12. Figures 1.e and 1.f show the UE-to-network relay functionality, with the remote UE in-coverage and out-of-coverage, respectively. This functionality has been standardized in Rel. 13 and it is considered to further expand it in Rel. 14, not only to provide coverage extension but to also consider additional optimization criteria such as power consumption minimization.
Proposal 1: The following modes of communication should be natively supported for sidelink in NR.
· Unicast D2D for local communication between devices
· Broadcast/Multicast/Unicast D2D for relayed communication or coverage extension, with devices in-coverage or partial coverage
· Multicast/broadcast D2D, in-coverage and out-of-coverage

3	Frame structure considerations for native sidelink support
The number of variants for D2D communication in terms of duplexing options (FDD, TDD, half-duplex, full-duplex) and spectrum characteristics (inband, outband, licensed, unlicensed, non-3GPP) can be significantly high, especially when also considering UE-to-network relay support. In the following, and in line with the analysis carried out in [4] for relay operation, we will focus on inbad half-duplex TDD configuration due to its cost/complexity advantage and higher degree of RAN1 specification impact.
As discussed in [3], three basic subframe types can provide the basic functionality for NR:
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             Figure 2. Basic subframe types
For efficient unicast D2D with control feedback exchange, the bidirectional subframe is especially relevant. In the next subsections, it will be discussed how these basic subframe types can incorporate sidelink control signaling and data, and an additional subframe type with explicit symbols for D2D/relay control will be proposed. The focus is on unicast D2D with control feedback, as it presents some particular challenges in half-duplex systems (not present in Rel.12/13 D2D solutions, which operate without L1 feedback/loops). Broadcast and multicast D2D can also be supported with the proposed subframe types. Ensuring native support of unicast/multicast/broadcast D2D in NR allows providing a wide range of services that can benefit from D2D operation, some of them clearly defined currently and some others that may come up later, without having to workaround suboptimal solutions at a later stage.
3.1 Unicast D2D with basic cellular subframe types
Reliable and spectrally efficient unicast D2D data communication requires associated control signaling exchange in both directions of the direct link between devices, i.e. in the forward direction (from D2D Tx to D2D Rx) and in the reverse direction (from D2D Rx to D2D Tx). Control signaling in the forward direction can include, e.g., scheduling assignments (including frequency and time resources, MCS), whereas control signaling in the reverse direction will typically include feedback information such as CSI reports, HARQ ACK/NACKs, closed-loop power control commands, etc.
Half-duplex flexible TDD systems present the constraint that a device cannot transmit and receive data at the same time, which has to be taken into account when coordinating the signaling exchange in both directions. In this sense, and considering the basic subframe types depicted in Figure 2, it is possible to think of the options of mapping D2D control signaling to either DL/UL control symbols or data symbols.
3.1.1 D2D control signalling mapped to DL/UL control symbols
The use of cellular DL/UL control symbols to convey D2D control signalling fits naturally in a scenario such as the one shown in Figure 1.a. The control plane of the D2D communication is routed via the BS, whereas there is direct data exchange between devices. The availability of both DL and UL control channels in the bidirectional subframe allows avoiding the half-duplex problem due to the opportunity to exchange D2D control signaling in both directions every subframe via the BS. The D2D signaling is multiplexed on the DL/UL control symbols together with other cellular signaling, which can target either the same devices (e.g. cellular operation in parallel with D2D) or other cellular UEs in the cell. The D2D UEs should respect an additional guard period over the basic bidirectional suframe in Figure 2, in order to facilitate Rx/Tx switching between cellular control and D2D data Tx/Rx at both the D2D transmitter and D2D receiver sides.
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Figure 3. D2D control signaling on DL/UL control symbols of bidirectional subframe and exchanged via BS
This way of exchanging D2D control signaling also allows the BS to exercise different degrees of control on the D2D operation, ranging from minimal control (e.g. just forwarding the signaling) to tight and fully dynamic control (e.g. optimal resource allocation and MCS selection based on CSI reports and knowledge on the conditions of other D2D pairs and cellular UEs in the cell).
In principle, DL only or UL only subframes could be also used to convey this D2D signaling, although the availability of both DL/UL control symbols in the bidirectional subframe presents the advantages of reduced latency for control exchange in both directions and decouples the control signaling transmission opportunities from the data scheduling (i.e. DL data OR UL data) decisions.
Another alternative is to use DL/UL control symbols for D2D control signaling exchange over the direct link, as shown in Figure 1.b. However, this options seems less attractive due to the associated impact on cellular operation. The half-duplex constraint imposes the need to discontinue cellular transmission or reception while D2D control signaling is exchanged. For instance, if the DL control symbols are chosen to convey the direct D2D signaling, it would imply that while the D2D transmitter is sending forward link signaling (e.g. scheduling assignment with information on the PRBs and MCS used for the D2D data transmission), it would have to discontinue or mute its cellular DL control reception. The same logic applies in the opposite sense if UL control symbols are chosen for this purpose. This constraint and impact on cellular operation may be undesired, especially for services that require constant and reliable cellular connectivity.
3.1.2 D2D control signalling mapped to data symbols
The option to exchange D2D control signalling over the direct link, without depending on the BS to relay or actively participate in the exchange or processing of the signaling, is crucial in many scenarios in which the presence and the prominent role of the BS is undesirable or unavailable. For instance, D2D signalling exchange over the direct link, instead of via the BS, presents advantages in terms of latency improvement (especially for inter-cell D2D), out-of-coverage operation support and network signalling/processing offload. Scenarios for which this type of signalling would be relevant are those depicted in Figures 1.b, 1.c and 1.d.
On the other hand, conveying direct D2D control signalling over the data symbols of the basic cellular subframe types in Figure 2, i.e. DL only, UL only and bidirectional subframes, presents the challenge of having to coordinate and alternate the transmissions of data and control in the forward/reverse directions of the direct link, in order to keep the half-duplex constraint. This means that it is needed to interrupt the data transmission over the forward link (i.e., from D2D transmitter to D2D receiver) in order to give the chance to transmit control feedback over the reverse link (i.e., from D2D receiver to D2D transmitter). This problem does not happen in currently standardized Rel. 12/13 D2D, in which there is no control feedback exchange such as HARQ feedback, which would e.g. impact the D2D data throughput in the forward direction in order to accommodate fast feedback signaling in the reverse direction. This is illustrated in Figure 4, where e.g. subframe n is used to convey D2D forward link control and data and one/several subframes later (i.e., subframe n + k) the transmission flow changes its direction to allow for control feedback exchange. 
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Figure 4. D2D control signaling exchanged over the direct link mapped on data symbols
This option does not impact cellular control operation, in comparison with the option of using DL/UL control symbols for D2D control signaling exchange over the direct link. In this case, the impact to cellular operation is on data symbols and the corresponding effect on cellular data capacity, which can be managed through smart scheduling that also considers the typically reduced range nature of D2D communications. 
The decision on the value of ‘k’ in Figure 4 (i.e. how many subframes later the switching between forward and reverse directions happens) can be fully dynamic and tightly controlled by the BS, semi-static, or resource pool-based. The details on this are left out of the scope of this contribution.
In a comparison between “D2D control signaling exchanged over the direct link on data symbols” and “D2D control signaling via the BS on DL/UL control symbols” (described in section 3.1.1), it is worth mentioning that the former presents advantages in terms of latency, offloading of cellular signaling and BS processing, and support of out-of-coverage operation. On the other hand, it has the disadvantages of requiring to alternate forward/reverse transmission over the direct link due to the half-duplex constraint (which can potentially impact the D2D throughput or latency performance), and the feedback control will be exchanged locally and typically will not be available at the BS (unless enough power is used to intentionally reach the BS too), which may imply suboptimal scheduling decisions and a more limited control from the BS on the performance of the D2D links in the cell.  
Observation 1: The bidirectional subframe with DL/UL control at the beginning/end of the subframe can be used to support unicast/multicast/broadcast D2D operation. Guard periods after/before the DL/UL control are required to facilitate the switching between cellular reception/transmission and D2D control and data transmission/reception.
Observation 2: The bidirectional subframe with DL/UL control at the beginning/end of the subframe presents some limitations to support sidelink operation in half-duplex systems when feedback control exchange is required. It needs to alternate between the forward and reverse directions of the direct link to exchange control feedback.
3.2 Unicast D2D and UE-to-network relay with D2D/relay subframe 
In the previous section it has been shown that it is possible to provide sidelink support using the basic subframe types defined for cellular operation. Still, certain limitations arise when attempting to reuse the cellular subframes without any modification. For instance, the issue of having to interrupt forward link data transmissions to allow for feedback control signalling over the reverse link can have a detrimental effect on the throughput and latency performance of the D2D connection. For this reason, and in order to have a lean and future-proof design for native sidelink support that can accommodate a wide range of performance requirements, it is needed to consider an additional subframe type with dedicated control symbols for D2D control signalling exchange in both the forward and reverse link directions. This can be beneficial for both unicast/multicast D2D that require some kind of feedback control exchange. In the next subsections it will be explained how this new subframe type, with the same structure as the one called bidirectional backhaul subframe in [4], can provide efficient support for D2D data and control signalling exchange and also for UE-to-network relay operation. 
3.2.1 Unicast D2D with D2D/relay subframe
The D2D/relay subframe has the same structure as the bidirectional backhaul subframe in [4]. We call it D2D/relay subframe as it has a common structure in terms of position and number of control symbols and only the specific type of signalling to be conveyed in each symbol differs, depending on whether it is used for unicast D2D or relay/backhaul operation. Therefore, it can be referred as D2D/relay subframe with either D2D configuration or relay configuration. As shown in Figure 5, it keeps the cellular DL/UL control symbols at the beginning and at the end of the subframe, as it is case for the basic cellular subframe types. This allows to receive and/or send signalling from/to the BS every subframe, related to control of the D2D operation or parallel cellular data flows. The D2D control symbol(s) for the forward link allows the D2D transmitter to send control signalling (e.g. scheduling assignments with PRBs and MCS used for the D2D data transmission) to the D2D receiver. The D2D control symbol(s) for the reverse link allows to send feedback control (e.g. ACK/NACK, CSI) from the D2D receiver to the D2D transmitter in the same subframe. The latter avoids the alternance of directions and corresponding data flow interruption required in the basic bidirectional subframe to support unicast D2D with control signalling exchange over the direct link.
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Figure 5. D2D/relay subframe with D2D configuration. Dedicated symbols for D2D control are used to exchange signaling in both directions of the direct link (i.e. forward and reverse) in the same subframe
The guard periods (GPs) are inserted in the subframe to allow for transmit/receive switching in the half-duplex devices. Other cellular devices in the cell can be scheduled at the same time with a basic bidirectional subframe. In this sense, D2D UEs can follow the D2D/relay subframe symbols/GPs positions and, in parallel, cellular UEs can follow the symbols/GPs positions of the basic cellular bidirectional subframe. 
3.2.2 UE-to-Network relay functionality
The same D2D/relay subframe can be used for efficient support of UE-to-network relay (or D2D relay) operation. This would correspond with the scenarios in Figures 1.e and 1.f. The rationale followed here is the same as the one followed for backhaul operation in [4]. As depicted in Figure 6, the control symbols at the beginning and at the end of the subframe can be used for cellular and/or relay UE ↔ remote UE control signalling exchange. The first symbol can multiplex cellular DL control with control from relay UE to remote UE, as the remote UE is in receiving mode in that symbol. In the last symbol, cellular UL control can be multiplex with signalling exchange from remote UE to relay UE, as in this symbol the remote UE is in transmitting mode. The symbols in between correspond to what is called backhaul control/data symbols in the bidirectional backhaul subframe proposed for relay/self-backhauling in [4]. They allow the exchange of control and data from the relay UE to the BS and vice versa, with the guard periods positioned to enable direction switching while respecting the half-duplex constraint of the devices involved in the UE-to-network relay operation.
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Figure 6. D2D/relay subframe with relay configuration. Dedicated symbols are used to exchange control signaling and data between the relay UE and the BS in both directions. Two subtypes can be identified: BS to relay UE data and Relay UE to BS data.

Observation 3: A bidirectional subframe that includes explicit control symbols for D2D signaling in both forward and reverse link directions facilitates unicast/multicast D2D with feedback control and D2D relay operation.

Proposal 2: Introduce a D2D/relay subframe for native sidelink support in NR, in addition to the basic bidirectional subframe with DL/UL control at the beginning/end of the subframe. It facilitates unicast/multicast D2D with feedback control and D2D relay operation in TDD half-duplex scenarios. The same subframe structure can be also used for self-backhauling operation.
· Support bidirectional control channel for cellular link also during D2D/relay subframes
· Support bidirectional D2D/relay control channel during D2D/relay subframes
· Support dynamic allocation of D2D/relay subframes

4	Conclusions
In this contribution we have focused on frame structure considerations for native sidelink support in NR. Firstly, we introduced the scenarios of interest to later motivate the applicability of each subframe type to the corresponding scenarios. Secondly, we discussed sidelink support over the basic cellular subframe types and mentioned the suitability and limitations of each design option. Finally, we introduced an additional subframe type for lean and efficient support of D2D/relay/self-backauling in NR. Based on this, we summarize the main observations: 
Observation 1: The bidirectional subframe with DL/UL control at the beginning/end of the subframe can be used to support unicast/multicast/broadcast D2D operation. Guard periods after/before the DL/UL control are required to facilitate the switching between cellular reception/transmission and D2D control and data transmission/reception.
Observation 2: The bidirectional subframe with DL/UL control at the beginning/end of the subframe presents some limitations to support sidelink operation in half-duplex systems when feedback control exchange is required. It needs to alternate between the forward and reverse directions of the direct link to exchange control feedback.
Observation 3: A bidirectional subframe that includes explicit control symbols for D2D signaling in both forward and reverse link directions facilitates unicast/multicast D2D with feedback control and D2D relay operation.
And make the following proposals:
Proposal 1: The following modes of communication should be natively supported for sidelink in NR.
· Unicast D2D for local communication between devices
· Broadcast/Multicast/Unicast D2D for relayed communication or coverage extension, with devices in-coverage or partial coverage
· Multicast/broadcast D2D, in-coverage and out-of-coverage
Proposal 2: Introduce a D2D/relay subframe for native sidelink support in NR, in addition to the basic bidirectional subframe with DL/UL control at the beginning/end of the subframe. It facilitates unicast/multicast D2D with feedback control and D2D relay operation in half-duplex scenarios. The same subframe structure can be also used for self-backhauling operation.
· Support bidirectional control channel for cellular link also during D2D/relay subframes
· Support bidirectional D2D/relay control channel during D2D/relay subframes
· Support dynamic allocation of D2D/relay subframes
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