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1 Introduction

In this contribution, we discuss L1 aspects to support L3-based UE-to-Network relays (UE-to-NW relay nodes or Relay UE). In particular, we focus on the handling of concurrent processes [1] at the Relay UE and Remote UE (out of coverage UE - UEOOC), according to the following objective of the LTE Rel. 13 work item [2]:
Work item objective

1) Define enhancements to D2D communication to enable the following features:
a) Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)

In the next sections of this document, we review types of the concurrent processes at the Relay and Remote UEs and propose solutions to handle those in order to improve performance of the UE-to-NW relaying.

2 Concurrent Processes at Relay UE
The UE-to-NW relay node (Relay UE) may serve as a terminal that relays traffic to or from an out-of-coverage UEs (UEOOC or Remote UE). There may be a bidirectional relaying mode (eNB↔UER↔UEOOC) or one of the unidirectional relaying modes (eNB→UER→UEOOC or eNB←UER←UEOOC) [3]. From the L1 perspective, these relaying modes are different in terms of physical layer UE behavior as discussed below (see Figure 1).
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Figure 1: UE-to-NW relaying and concurrent processes at UE-to-NW node.
In particular, when access (Relay UE ↔ Remote UE) and backhaul (eNB ↔ Relay UE) links are on the same carrier, the following concurrent processes can be identified at Relay UE from the physical layer perspective:

· Process 1: Transmission of Relay UE to Remote UE. – In the LTE Rel.12, this process is controlled by eNB for sidelink transmission mode-1 (STM#1) or by the Relay UE in case of STM#2.
· Process 2: Reception from Remote UE at Relay UE. – In the LTE Rel.12, this process is controlled by the Remote UE in case of STM#2. In the LTE Rel.13, the new functionality may be added so that the process is controlled by the Relay UE or even by the eNB.
· Process 3: Transmission from Relay UE to eNB. – This process is always controlled by eNB.
At Remote UE, there are two concurrent processes which are equivalent to the first two concurrent processes at Relay UE:
· Process 1: Reception from Relay UE at Remote UE.
· Process 2: Transmission from Remote UE to Relay UE.
Based on the analysis of bidirectional and unidirectional UE-to-NW relaying types, we have the following observations:

Observation 1
· In case of bidirectional relaying, there are three types of concurrency at Relay UE:

· Sidelink TX (Process #1) and Sidelink RX process (Process #2)
· Sidelink TX process (Process #1) and Cellular link TX (Process #3)

· Sidelink RX process (Process #2) and Cellular link TX (Process #3)

· In case of unidirectional DL relaying, there is one type of concurrency at Relay UE:

· Sidelink TX process (Process #1) and Cellular link TX (Process #3) 
· In case of unidirectional UL relaying, there is one type of concurrency at Relay UE:

· Sidelink RX process (Process #2) and Cellular link TX (Process #3)

· In order to enhance D2D communication for L3 UE-to-NW relaying support, the coordination or alignment of resources among eNB and Relay UE, as well as Relay and Remote UEs may be needed.
3 Sidelink Transmission Modes
In terms of sidelink transmission modes (STM), both the eNB scheduled (STM#1) and UE autonomous (STM#2) transmission modes can be used for transmission from Relay UE to Remote UE. For transmission from Remote UE to Relay UE, the only STM#2 is available. However, some enhancements may be considered to support STM#1. In latter case, instead of the sidelink control information for transmission by Relay UE, the eNB may configure the sidelink control information for reception by Relay UE, which can be forwarded by Relay UE or provided by the eNB to Remote UE. 
Proposal 1
· Support both sidelink transmission modes (STM#1 and STM#2) for UE-to-NW relaying.
In case of STM#1 operation the Relay UE needs to be RRC_CONNECTED by mode-1 definition. The same should be applicable for STM#2 however it should be valid only during data forwarding phase while during UE-to-NW relay discovery phase the Relay UE may stay in RRC_IDLE state. In addition, in case of multicast relaying the UEs may potentially be in RRC_IDLE state.

Observation 2
· For unicast UE-to-NW relaying, the relay terminal should be in RRC_CONNECTED state during traffic forwarding.
4 Handling of Different Types of Concurrency
In this section, we continue discussion on concurrent processes and resource alignment aiming to reduce concurrency and simplify UE-to-NW relaying. First, we introduce terminology to simplify the presentation of the material.

Terminology

Relay UE Sidelink TX Timeline (Process #1) – This timeline indicates subframes used for D2D transmission towards Remote UE. In general case, this timeline may include subframes that belong to PSCCH and PSSCH pools or only PSSCH.

Relay UE Sidelink RX Timeline (Process #2) – This timeline indicates subframes used for D2D reception from Remote UE. This timeline can be also called Remote UE Sidelink TX Timeline and includes subframes that belong to sidelink transmission PSCCH and PSSCH or only PSSCH.

Relay UE Cellular TX Timeline (Process #3) – This timeline indicates UL subframes used for cellular transmission towards eNB. This timeline can be logically divided into the HARQ TX timeline to acknowledge DL reception and UL data TX timeline, where Relay UE communicates with eNB. Both timelines may cross in the same UL subframe, when HARQ feedback is multiplexed with PUSCH.
Relay UE Cellular RX Timeline – This timeline indicates DL subframes used for reception from eNB. Given that there is no concurrency in terms of cellular reception, we have not assigned any process number to this timeline.
4.1 Type A - Concurrency of Process #1 and Process #3
The Type A concurrency (Sidelink TX and Cellular TX) can be resolved in multiple ways:

· Orthogonal in time cellular TX and sidelink TX. The time orthogonal cellular transmission and D2D transmissions of the Relay UE may be achieved using different options:
· Pool Configuration. The pool configuration may divide all UL subframes on cellular UL subframes and D2D UL subframes (see Figure 2). The eNB may schedule cellular DL or UL transmissions in a way to avoid overlap between cellular and sidelink TX timeline. This approach may limit max data rates for Relay UE throughput in both directions, although may significantly simplify UE operation, if it is adopted. The drawback is that this approach implies eNB scheduling restrictions and cannot be directly applied for STM#1 (all UL subframes are used for D2D transmission subject to eNB scheduling decision).
· Time Pattern Selection. This approach needs to be separately considered for STM#1 and STM#2.
· In case of STM1, eNB fully controls cellular and sidelink TX timelines and thus any Type A conflict may be resolved by eNB without any changes to specification.
· In case of STM2, Relay UE needs to know cellular TX timeline in order to avoid TX conflicts. The cellular TX timeline may be signaled to Relay UE, so that it can properly select PSCCH resource (nPSCCH), time resource pattern index – (T-RPT ITRP) for D2D communication.
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Figure 2: Orthogonal cellular TX and D2D TX resources by pool configuration.
· Prioritization of Cellular TX Timeline. This method was defined in LTE Rel.12 for all D2D transmissions. Given that Relay UE may not know eNB scheduling decisions in advance, this approach may not be sufficient and may cause degraded performance. Note that in general, eNB may configure alternative prioritization rule, i.e. prioritize Relay UE Sidelink TX Timeline. However, in case of STM#2 it may lead to unknown Relay UE behavior at eNB side that may lead to even performance.
4.2 Type B - Concurrency of Process #2 and Process #3
The Type B concurrency (Sidelink RX and Cellular TX) can be resolved using similar mechanisms:

· Orthogonal in time sidelink RX and cellular TX. The time orthogonal cellular transmission and D2D reception of the Relay UE may be achieved using similar options as for the time orthogonal cellular TX and D2D TX:
· Pool Configuration. The pool configuration mechanism can be applied to avoid overlap between cellular TX timeline and sidelink RX timeline. This approach has essentially the same drawbacks as Type A concurrency, although may simplify implementation of Relay UE.
· Time Pattern Selection. This approach needs to be separately considered for STM#1 and STM#2.
· In case of STM#1, eNB fully controls cellular TX timeline, but does not control Sidelink RX timeline. The STM1 may be extended to control Sidelink RX timeline. The eNB may use SCI signaling (SCI Format 0 or any other) to indicate the Sidelink RX timeline that can be delivered to the Remote UE by Relay UE or eNB if Remote UE is in-coverage. In this case, Remote UE may transmit according to the time resource pattern indicated by the eNB or Relay UE (i.e. pattern for Relay UE reception).
· In case of STM#2, Relay UE needs to know cellular TX timeline in order to avoid conflicts. The cellular TX timeline may be signaled to Relay UE, so that it can select PSCCH resource (nPSCCH), time resource pattern index – (T-RPT ITRP) for D2D communication and forward those to Remote UE for transmissions. 
It should be noted, that instead of providing the particular pattern the eNB may configure as subset of patterns to be used for transmission by Relay and Remote UEs.
· Prioritization of Cellular TX Timeline. Assuming that eNB does not know Sidelink RX Timeline at Relay UE, this approach may not be sufficient and may significantly complicate implementation and reduce Relay UE performance, if no enhancement is introduced in LTE Rel.13.
4.3 Type C - Concurrency of Process #1 and Process #2
Similar to Type A/B concurrency, this concurrency (Sidelink TX and Sidelink RX) can be resolved in the following ways:

· Orthogonal in time sidelink TX and sidelink RX. The time orthogonal sidelink transmission and reception of the Relay UE may be achieved using following options:
· Pool Configuration. The pool configuration mechanism can be applied to avoid overlap between Relay UE Sidelink TX and RX timelines. In this case, two time orthogonal pools can be configured. In the 1st pool Relay UE may transmit to Remote UE and in the 2nd pool may receive from the Remote UE. Pool selection for TX and RX may be coordinated among UEs or implicitly derived by analyzing SCI or data transmissions. Alternatively, the pool usage can be explicitly configured by eNB.
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Figure 3: Orthogonal Relay UE TX and RX resources by pool configuration
· Time Pattern Selection. This approach needs to be separately considered for STM#1 and STM#2.
· In case of STM#1, eNB may indicate both Sidelink TX and RX timelines. In this case, Remote UE may transmit using the time resource pattern indicated by the eNB for Relay UE reception (which is the same as the pattern for Remote UE transmission). 
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Figure 4: eNB control of Relay UE Sidelink RX resources by pattern signaling
· In case of STM#2, Remote UE needs to know Cellular and Sidelink TX timeline of Relay UE. If Relay UE Cellular TX timeline is known only at the Relay UE, the Relay UE can avoid collision if it controls resources for transmission and reception towards and from Remote UE. The resource for Remote UE transmission can be acquired autonomously based on SCI decoding (see behavior A on Figure 5), however there is probability of SCI collision. Alternatively, resources for Remote UE transmission can be provided by Relay UE through control signaling (see behavior B on Figure 5). The Relay UE may signal the ITRP for sidelink reception from Remote UE, so that Remote UE can utilize it for subsequent data transmissions.
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a) Remote UE (UEOOC) behavior A (transmits both SCI and data)
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Figure 5: Orthogonal Relay UE Sidelink TX and RX resources by pattern signaling
Based on the discussion above, we see benefit to introduce additional signaling for management of the concurrent processes at Relay UE. In particular, it is beneficial, if Relay UE is aware about the cellular transmission timeline that can be provided by eNB, as well as can control the Remote UE transmission timeline, instead of simply relying on random selection.
Proposal 2
· Discuss mechanism and signaling details to ensure resource alignment and simplify Relay UE behavior in the presence of multiple concurrent processes.
· Introduce signaling to control Relay UE reception or Remote UE transmission process.
5  Concurrency with Cellular and Direct Traffic
The both Relay and Remote UEs may have an additional direct communication traffic towards other D2D capable UEs and cellular traffic with eNB. Given that relay operation involves eNB and cellular transmissions, we believe that transmissions towards and from network should be prioritized over other direct traffic transmissions. Therefore we suggest to define the following transmission priority rules:
For Relay and Remote UE Transmission:

Cellular Transmission > UE-to-NW Relay Transmission > Direct Transmission > Discovery Transmission.
In addition, in case of the limited UE capabilities we suggest to define the following priority rules for reception:
For Relay and Remote UE Reception:
Cellular Reception > UE-to-NW Relay Reception > Direct Reception > Discovery Reception
Proposal 3
· Define the following default prioritization rules for transmission and reception:

· For Relay and Remote UE Transmission:

· Cellular Transmission > UE-to-NW Relay Transmission > Direct Transmission > Discovery Transmission.

· For Relay and Remote UE Reception:

· Cellular Reception > UE-to-NW Relay Reception > Direct Reception > Discovery Reception
Note that the proposal above does not preclude the resource alignment and concurrency handling mechanism discussed in the previous section and used only if concurrency was not properly resolved. In addition, it mainly aims to manage the behavior of the relay and direct traffic.

6 Summary and Conclusions
In this contribution, we discussed concurrent processes that may exist at the Relay and Remote UE, when L3 UE-to-NW support using LTE Rel.12 D2D communication framework is introduced. In our view the concurrency issue may significantly degrade the UE-to-NW relaying performance and thus we have following proposals:

Proposal 1
· Support both sidelink transmission modes (STM#1 and STM#2) for UE-to-NW relaying.
Proposal 2
· Discuss mechanism and signaling details to ensure resource alignment and simplify Relay UE behavior in the presence of multiple concurrent processes.
· Introduce signaling to control Relay UE reception or Remote UE transmission process.

Proposal 3
· Define the following default prioritization rules for transmission and reception:

· For Relay and Remote UE Transmission:

· Cellular Transmission > UE-to-NW Relay Transmission > Direct Transmission > Discovery Transmission.

· For Relay and Remote UE Reception:

· Cellular Reception > UE-to-NW Relay Reception > Direct Reception > Discovery Reception
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