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1 Introduction

In this contribution, we discuss PHY layer aspects to support L3-based UE-to-Network relays (UE-to-NW). In our view, it needs to be discussed which L1 changes (if any) for Rel.12 D2D communication framework are needed to satisfy the following objective of the LTE Rel. 13 work item [1]:
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 L3 relay architecture, UE-to-NW relay requirements, and analyze L1 aspects for support of L3 UE-to-NW nodes.

2 L3 UE-to-NW Relaying
The L3 relaying may be seen as an upper layer packet forwarding (IP router) and thus in general can be fully transparent to L1 operation. However, the D2D physical layer needs to be reviewed in order to check any potential constraints for L3 relaying operation, considering applicability to voice, video traffic. If limitations are found, the enhancements to support L3 relaying operation can be introduced.
Observation 1
· The Layer 3 UE-to-NW relaying may be transparent to Layer 1, unless some limitations of LTE Rel.12 D2D communication are identified.

In our view, the following L1 related aspects may need to be considered to analyze impact on L3 UE-to-NW relaying:

·  UE-to-NW relay requirements and operating modes (unicast or multicast);

·  UE-to-NW relay node discovery and selection procedures;

·  Bidirectional (UE↔NW) and/or unidirectional relaying (UE→NW or UE←NW);
·  Sidelink transmission modes (Mode-1 and Mode-2);
·  Concurrent UE-to-NW processes and resource alignment;
·  HARQ considerations.
3 UE-to-NW Requirements and Operating Modes

UE-to-NW requirements

The L3 UE-to-NW relay requirements should be determined considering applicability to voice and video services. The VoIP is a low rate traffic with stringent requirements in terms of air-interface latency. The typical cellular requirements on VoIP air-interface latency are in the range from 50-80 ms. For UE-to-NW relaying, this latency budget is shared among two transmission hops eNB ↔ UE-to-NW and UE-to-NW ↔ UE OOC.
Proposal 1
· Discuss and agree on air-interface latency budget for UE-to-NW voice operation.

· Consider 80 ms as a maximum air-interface latency budget for L3 UE-to-NW VoIP service.

Note that for video data rate, given there are quite a few video encoders and gradations of video quality, we suggest to discuss with SA working groups in order to get feedback on the data rate requirements or at least the range of targeted data rates.

Proposal 2
· Clarify requirements on the range of video data rates for UE-to-NW video applications with SA WGs.

UE-to-NW operating modes
In [2], there are three types of UE-to-NW relay functions discussed:

· Unicast relaying – is based on one-to-one communication that includes support for the relay of unicast traffic (UL and DL) between remote UEs that are not served by E-UTRAN network. The ProSe UE-to-Network Relay provides generic L3 forwarding function that can relay any type of IP traffic that is relevant for public safety communication.

· eMBMS relay support - One to many communication, including support for the relay of eMBMS to remote UEs served by the UE-to-NW relay.
· ECGI announcement - the announcement of the ECGI by a ProSe UE-to-NW relay allows remote UEs served by a ProSe UE-to-NW relay to receive the value of the ECGI of the cell serving the ProSe UE-to-NW relay.
In this document, we focus on the support of the unicast relaying (see Figure 1 from [2]).

[image: image1.emf] 

   

Remote  

UE  

ProSe UE  -  to  -  

Network   

Relay  

eNB  

Public   

Safety  

AS  

PC  5  

Uu  

EPC  

SGi  

Out  -  of  -  network  


Figure 1: ProSe UE-to-Network Relay.
As for other functions, it needs to be clarified whether these functions are in the scope of the LTE Rel.13 WID.
4 Discovery and Selection of UE-to-NW Relay Node
In our view, the procedure of discovery and selection of the UE-to-NW relay nodes is mainly in RAN2 and SA WG scope. The RAN1 WG may provide recommendation on additional L1 metrics to facilitate UE-to-NW selection process, including conditions to trigger UE-to-NW discovery announcements. Other aspects, such as physical channel used for UE-to-NW discovery are out of RAN1 scope, at least until RAN2 provides more details on discovery and selection procedure. On the other hand, RAN1 WG may recommend to use L1 information to facilitate intelligent UE-to-NW relay discovery and selection.

UE-to-NW Discovery

For UE-to-NW discovery, it needs to be determined which UEs may serve as a UE-to-NW node. For this purpose, similar to the LTE Rel.12 D2D synchronization and discovery design, the RSRP criterion can be used. Given the fact that UE-to-NW relay nodes should be located close to the cell edge, the RSRP metric can be used to trigger UE-to-NW announcement signaling. In addition, eNB can use dedicated signaling to request/allow particular UE to serve as an UE-to-NW node and transmit announcement signaling on D2D physical resources.
Proposal 3
· RSRP criterion is used as a condition (configured by eNB) to trigger UE-to-NW discovery signaling.
· Support UE specific signaling to trigger transmission of UE-to-NW announcement. The UE specific signaling has higher priority than the RSRP criterion, if it is configured.
UE-to-NW Selection

For UE-to-NW selection, additional L1 information can be provided to the upper layers in order to facilitate intelligent selection of the UE-to-NW node. However, the selection details and procedures may be out of RAN1 scope, given that the L3 of UE-to-NW relaying concept is agreed in Rel.13. These details may be also left for UE implementation.
Proposal 4
· Consider to signal L1 performance indicators (e.g. RSRP, RSRQ) to facilitate intelligent UE-to-NW relay selection process at upper layers.
· UE-to-NW selection details and procedures are out of RAN1 scope and can be decided at upper layers or left for UE implementation.
5 Bidirectional / Unidirectional Relaying

The UE-to-NW terminal may serve as a node that relays traffic to or from an out-of-coverage UEs (UEOOC). Therefore, there may be a unidirectional mode (UEOOC→UER→eNB or UEOOC←UER←eNB) or a bidirectional mode (UEOOC↔UER↔eNB) of UE-to-NW relaying (see Figure 2). Our understanding of the WI objective is that UE-to-NW node (UER) may simultaneously handle traffic in both directions. However, it should be noted that from L1 perspective, the relaying towards and from network may be different in terms of L1 UE behavior as discussed below.
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Figure 2: UE-to-NW relaying and potential conflicts (collisions) at UE-to-NW node.
· Bidirectional Relaying Mode
For D2D communication in FDD spectrum, UE uses two RX chains to simultaneously receive data from eNB on DL carrier and from D2D terminal on UL carrier and avoid conflict in terms of WAN/D2D reception. There is no such conflict in TDD spectrum, since there is no D2D transmission on DL subframes. However, in both FDD and TDD cases, there may be several concurrent transmit/receive processes, since UE cannot simultaneously transmit data towards eNB and transmit/receive data to/from UEOOC. Therefore there is a potential conflict and some traffic prioritization mechanism or resource alignment is needed at the UE-to-NW node. In addition, due to the need to acknowledge DL reception, the UE cannot utilize certain set of UL subframes for transmission towards UEOOC or reception from UEOOC.
Given that UL transmissions are scheduled by eNB, some alignment of eNB scheduling decisions and D2D TXs may be used to avoid frequent TX collisions at UE-to-NW node. Resource alignment may especially benefit real time traffic with small air-interface latency budget. It should be noted that for transmission towards eNB, the UE-to-NW node needs to be RRC_CONNECTED and thus simple resource coordination/alignment with eNB can be feasible.
· Unidirectional Relaying Mode towards UEOOC (DL UE-to-NW Relaying)

For DL UE-to-NW relaying, the reception from eNB is always orthogonal (in time for TDD and in frequency for FDD) with D2D transmission towards UEOOC, except potential DL HARQ ACK/NACK transmission conflicts. In case of non-acknowledged traffic (e.g. multicast/broadcast service, i.e. eMBMS) there is no TX conflict, however in this case it needs to be discussed which UE-to-NW node shall forward data towards OOC UEs and which physical resources/parameters should be used. For instance, in order to reduce the amount of occupied D2D resources, the group of UE-to-NW nodes may transmit broadcast traffic in a SFN manner using the same physical layer parameters: same resource pool, same PSCCH resource (nPSCCH), time resource pattern index – (T-RPT ITRP), physical resource blocks and MCS index. In general, depending on traffic type of unicast or multicast/broadcast the UE-to-NW relay may be in RRC_CONNECTED or RRC_IDLE state respectively. For unicast relaying, the UE-to-NW node may be in RRC_IDLE state until it is discovered by other UEs and one-to-one connection is established.
· Unidirectional Relaying Mode towards NW (UL UE-to-NW Relaying)

For UL UE-to-NW relaying, there is a potential conflict at the UE-to-NW side between reception from UEOOC and transmission towards eNB. Therefore some resource alignment between UE-to-NW and UEOOC may be considered. Note that it may require eNB involvement since it controls UL transmission of the UE-to-NW node. For UL transmissions, the UE-to-NW node needs to be in RRC_CONNECTED state.
Summary

Based on the analysis of bidirectional and unidirectional UE-to-NW relaying types, we have the following observations:

Observation 2
· In case of bidirectional relaying, there are two types of concurrent/conflicting processes at the UE-to-NW node:

· Cellular link TX and direct link TX process (HARQ TX & D2D Data TX or Cellular Data TX & D2D Data TX);
· Direct link TX and direct link RX process (half-duplex constraint at UE-to-NW/UEOOC);

· In case of unidirectional DL relaying, there is one type of concurrent/conflicting process at the UE-to-NW node:

· Cellular link TX and direct link TX process (HARQ TX and D2D Data TX).
· In case of unidirectional UL relaying, there is one type of concurrent/conflicting process at the UE-to-NW node:

· Cellular link TX and direct link RX process (UL Data TX and D2D Data RX).

· Coordination or alignment of resources for UE-to-NW operation may be needed among 1) eNB and UE-to-NW and 2) UE-to-NW and UEOOC nodes in order to enhance D2D communication for L3 UE-to-NW relay.
Observation 3
· For unicast UE-to-NW relaying, the relay terminal should be in RRC_CONNECTED state during traffic forwarding.

6 Sidelink Transmission Modes
In terms of sidelink transmission modes (STM), both the eNB scheduled (STM1) and UE autonomous (STM2) transmission modes can be used for DL UE-to-NW relaying (i.e. from the UE-to-NW node to UEOOC). Therefore there are two possible options depending on network capabilities:

· Option 1: STM1 DL & STM2 UL.
· The STM1 is used for UE-to-NW → UEOOC and STM2 is used for UEOOC → UE-to-NW transmissions. In this case, eNB controls the D2D resources in one of the transmission directions and aware about the TX status of the UE-to-NW node. Therefore the DL transmission and HARQ ACK/NACKs may be aligned with the D2D transmission pattern provided by the eNB. The remaining UL subframes may be utilized for transmission by UEOOC and reception from UEOOC. However, in this case UEOOC may need to be informed of resources used for cellular TX in order to avoid concurrent reception and transmission at the UE-to-NW node.
· Option 2: STM2 DL & STM2 UL.

· In this option, the STM2 is used for both UE-to-NW → UEOOC and UEOOC → UE-to-NW transmissions. According to the STM2 operation, both nodes randomly select resource from the D2D pool. In this case, the alignment with HARQ transmissions may be difficult to achieve and thus many packets may be dropped (either at RX or TX sides of the UE-to-NW or UEOOC nodes) due to current assumption of random resource selection.
Proposal 5
· Both modes (STM1 and STM2) are supported for UE-to-NW relaying.
7 Concurrent Processes and Resource Alignment
In this section, we continue detailed discussion on UE-to-NW concurrent processes and resource alignment aiming to avoid/reduce concurrency and thus simplify UE-to-NW relaying. First we introduce terminology to simplify the presentation of the material.

Terminology

UE-to-NW cellular TX timeline – 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 UE-to-NW node communicates with eNB. Note that both timelines may cross in the same UL subframe, when HARQ feedback is multiplexed with PUSCH.
UE-to-NW cellular RX timeline – This timeline indicates DL subframes used for reception from eNB.
UE-to-NW D2D TX timeline – This timeline indicates subframes used for D2D transmission towards UEOOC. In general case, this timeline may include subframes that belong to PSCCH and PSSCH pools or only PSSCH.
UE-to-NW D2D RX timeline – This timeline indicates subframes used for D2D reception from UEOOC. This timeline can be also called UEOOC D2D TX timeline and includes subframes that belong to sidelink transmission mode-2 pools PSCCH and PSSCH or only PSSCH.

Non-concurrent UE-to-NW operation

For non-concurrent (conflict free) UE-to-NW operation, the following three timelines needs to be orthogonal in time at the UE-to-NW node:

· UE-to-NW cellular TX timeline – In LTE Rel.12, this communication timeline is always controlled by eNB.
· UE-to-NW D2D TX timeline – In LTE Rel.12, this communication timeline is controlled by eNB for STM1 and by UE-to-NW node in case of STM2;
· UE-to-NW D2D RX timeline – According to the LTE-Rel.12, this timeline is controlled by UEOOC. In order to enhance D2D communication in application to L3 UE-to-NW relaying new functionality may be added in LTE Rel.13, so that this timeline can be controlled by UE-to-NW node or even by eNB.

In the next subsections, we discuss mutual concurrency aspects between all three UE-to-NW timelines.

7.1 Type A UE-to-NW Concurrency:
UE-to-NW cellular TX timeline and UE-to-NW D2D TX timeline.
The concurrency can be resolved in multiple ways:

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

· Orthogonal in time cellular TX and D2D RX. The time orthogonal cellular transmission and D2D reception of the UE-to-NW node 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 UE-to-NW cellular TX timeline and UE-to-NW D2D RX timeline. This approach has essentially the same drawbacks as in Type A concurrency case.
· Time Pattern Selection. This approach needs to be separately considered for STM1 and STM2. 
· In case of STM1, eNB fully controls UE-to-NW cellular TX timeline, but does not control UE-to-NW D2D RX timeline. The STM1 may be easy extended to control UE-to-NW D2D RX timeline. The eNB may use SCI signaling (SCI Format 0 or any other) to indicate the UE-to-NW D2D RX timeline that can be further delivered to the UEOOC by UE-to-NW node. In this case, UEOOC node may transmit using the time resource pattern indicated by the eNB for UE-to-NW node reception.
· In case of STM2, UE-to-NW node needs to know UE-to-NW cellular TX timeline in order to avoid TX conflicts. The UE-to-NW cellular TX timeline may be signaled to UE-to-NW node, so that it can properly select PSCCH resource (nPSCCH), time resource pattern index – (T-RPT ITRP) for D2D communication for D2D reception and forward those to UEOOC for transmissions.

· Prioritization of UE-to-NW cellular TX timeline. Assuming that eNB does not know UE-to-NW D2D RX timeline, this approach may not be sufficient and may significantly complicate UE-to-NW implementation and reduce performance, if no enhancement is introduced in LTE Rel.13.
7.3 Type C UE-to-NW Concurrency:
Conflict of UE-to-NW D2D TX timeline and UE-to-NW D2D RX timeline.
Similar to Type A/B concurrency, the conflict between UE-to-NW D2D TX timeline and UE-to-NW D2D RX timeline can be resolved in the following ways:

· Orthogonal in time D2D TX and D2D RX. The time orthogonal D2D transmission and D2D reception of the UE-to-NW node may be achieved using following options:
· Pool Configuration. The pool configuration mechanism can be applied to avoid overlap between UE-to-NW D2D TX timeline and UE-to-NW D2D RX timeline. In this case, two time orthogonal pools can be configured. In the 1st pool UE-to-NW node may transmit to UEOOC and in the 2nd pool may receive from the UEOOC. Pool selection for UE-to-NW relaying may be coordinated among UEs or implicitly derived by analyzing SCI or data transmissions.
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Figure 4: Orthogonal UE-to-NW D2D TX and D2D RX resources by pool configuration
· Time Pattern Selection. This approach needs to be separately considered for STM1 and STM2. 
· In case of STM1, eNB may indicate both UE-to-NW D2D TX timeline and UE-to-NW D2D RX timeline. In this case, UEOOC node may transmit using the time resource pattern indicated by the eNB for UE-to-NW node reception (which is the same as the pattern for UEOOC transmission).
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Figure 5: eNB control of UE-to-NW D2D RX resources by pattern signaling
· In case of STM2, UEOOC node needs to know UE-to-NW cellular TX timeline and UE-to-NW D2D TX timeline. If UE-to-NW cellular TX timeline is known only at the UE-to-NW node, the UE-to-NW node can avoid collision if it controls resources for transmission and reception towards and from UEOOC. The resource for UEOOC transmission can be acquired autonomously based on SCI decoding (see behavior A on Figure 6), however there is probability of SCI collision. Alternatively, resources for UEOOC transmission can be provided by UE-to-NW node through control signaling (see behavior B on Figure 6). The UE-to-NW node may signal the ITRP for D2D reception from UEOOC, so UEOOC node can utilize it for subsequent D2D data transmissions.
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Figure 6: Orthogonal UE-to-NW D2D TX and D2D RX resources by pattern signaling
Based on the presented discussion we see benefit to introduce additional signaling for management of the concurrent processes at the UE-to-NW side. In particular, it is beneficial if UE-to-NW node is aware about the cellular transmission timeline that can be provided by eNB, as well as can control the UEOOC transmission timeline, instead of relying on random selection.
Proposal 6
· Further discuss mechanism and signaling details to ensure resource alignment and simplify UE-to-NW behavior in the presence of multiple concurrent processes.
· Introduce signaling to control UE-to-NW D2D reception or UEOOC transmission timeline/process.
8 HARQ Impact on UE-to-NW Relaying Performance
The LTE Rel.12 HARQ timelines may restrict the max data rate achieved by the UE-to-NW relay nodes in both transmission directions, especially for transmission direction towards UEOOC (DL). The reason is that any unicast DL reception needs to be acknowledged by the UL HARQ ACK/NACK transmission. The subframe where UE-to-NW node sends acknowledgement cannot be used for D2D transmission. Therefore the max DL UE-to-NW Relaying throughput can be reduced, because of the necessity of HARQ transmissions.
In order to reduce or avoid UE-to-NW node TX conflicts caused by HARQ operation, the following design options can be considered:

· Option 1. HARQ less operation for UE-to-NW nodes. The HARQ less operation may remove any constraint on DL UE-to-NW relay throughput, however will introduce uncertainty whether UE received data from eNB w/o errors.
· Option 2. HARQ bundling and/or multiplexing techniques applied in TDD can be reused for UE-to-NW nodes. These methods are used in TDD in case of DL-heavy UL-DL configurations and may be reused for UE-to-NW relaying.
· Option 3. Configuration of UL/DL reference configuration to shift UL HARQ timeline in case of FDD and TDD. The similar approach was introduced in eIMTA to protect HARQ transmissions from strong DL-UL interference. The method can be beneficial for FDD and TDD spectrum in order to reduce amount of UL subframes used for HARQ transmission. This approach may not be optimal for resource pools with small number of D2D subframes and thus may degrade HARQ performance.
· Option 4. Proper configuration of D2D resource pools to align cellular scheduling decisions and D2D transmissions with HARQ timelines. This method can be handled by implementation, but it is likely to affect the overall UE-to-NW performance. In addition, this method cannot be directly applied in case of STM1 and may impose eNB scheduling restrictions.
· Option 5. Control of time resource pattern used for D2D TX/RX at the UE-to-NW node. The D2D transmission and reception pattern may be aligned with HARQ timelines used by eNB for communication with UE-to-NW node. In this case, no additional HARQ changes are needed.
· Option 6. WAN TX prioritization. Follow the LTE Rel.12 D2D prioritization rules. In general, UE is aware about upcoming UL transmission after the DL subframe processing. Therefore the UE may prioritize WAN transmission by dropping UE-to-NW D2D TX/RX which may result in degraded L3 UE-to-NW performance.

In our view, the discussion on HARQ modification should be discussed jointly with the amount of ReTx used by UE for the transmission of the single TBS. In LTE Rel.12, it was fixed to 4. It means that, if UE does not segment or concatenate packets from eNB then for single DL subframe, UE utilizes four UL subframes for D2D relaying. Under this assumption the HARQ impact on DL relaying throughput reduces substantially. Therefore the need for HARQ modification depends on multiple factors including amount of ReTx at D2D link, packet segmentation/concatenation and mechanism for handling concurrent processes.
9 Air-interface Latency Considerations

For VoIP application, the air interface latency for two hop transmission (eNB ↔ UE-to-NW ↔ UEOOC) is limited by 80 ms. This latency needs to be supported when one-to-one communication and connections are established between eNB ↔ UE-to-NW and UE-to-NW ↔ UEOOC.
The VoIP UE-to-NW air-interface latency will significantly depends on resource pool configuration. In general, the target 80 ms latency can be supported with 40 ms and 80 ms D2D resource allocation period. Resource alignment and reservation scheme may be needed to improve UE-to-NW latency. In this approach UE may transmit SCI even if there is no packet available in the TX buffer. Another way is to spread PSCCH resources over PSSCH given that there is no any restriction on overlap of PSCCH and PSSCH resource pools.
10 Summary and Conclusions
In this contribution, we discussed L3 UE-to-NW support using LTE Rel.12 D2D communication framework. In summary we have following proposals:
Proposal 1
· Discuss and agree on air-interface latency budget for UE-to-NW voice operation.

· Consider 80 ms as a maximum air-interface latency budget for L3 UE-to-NW VoIP service.
Proposal 2
· Clarify requirements on the range of video data rates for UE-to-NW video applications with SA WGs.
Proposal 3
· RSRP criterion is used as a condition (configured by eNB) to trigger UE-to-NW discovery signaling.
· Support UE specific signaling to trigger transmission of UE-to-NW announcement. The UE specific signaling has higher priority than the RSRP criterion, if it is configured.
Proposal 4
· Consider to signal L1 performance indicators (e.g. RSRP, RSRQ) to facilitate intelligent UE-to-NW relay selection process at upper layers.
· UE-to-NW selection details and procedures are out of RAN1 scope and can be decided at upper layers or left for UE implementation.
Proposal 5
· Both modes (STM1 and STM2) are supported for UE-to-NW relaying.
Proposal 6
· Further discuss mechanism and signaling details to ensure resource alignment and simplify UE-to-NW behavior in the presence of multiple concurrent processes.
· Introduce signaling to control UE-to-NW D2D reception or UEOOC transmission timeline/process.
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Data Pool #1 (PSSCH1)
Data Pool #2 (PSSCH2)



SCI Pool (PSCCH)
Data Pool(PSSCH)
UE-to-NW node transmission ITRP = x
UEOOC node transmission  ITRP = y
UEOOC
UE-to-NW
ITRP for TX by UE-to-NW, Data
Data,
ITRP for TX by UEOOC,



UE-to-NW
DCI Format 5 for  UE-to-NW transmission (ITRP, nPSCCH)
UEOOC
ITRP for TX by UE-to-NW, + Data
UE-to-NW
DCI Format Y for  UE-to-NW reception (ITRP, nPSCCH)
UEOOC
ITRP for RX by UE-to-NW
Data transmission according to  ITRP for RX by UE-to-NW



SCI Pool (PSCCH)
Data Pool(PSSCH)
UE-to-NW SCI for TX by UE-to-NW and for TX by UEOOC
UE-to-NW SCI for TX by UE-to-NW
UEOOC
UE-to-NW
ITRP for TX by UE-to-NW, ITRP for TX by UEOOC, 
Data
Data
UE-to-NW SCI for TX by UEOOC
UE-to-NW Data
UEOOC Data
UE-to-NW Data
UEOOC Data
Option 1:
Option 2:



SCI pool (PSCCH)
Data pool (PSSCH)
eNB DL carrier
Cellular DL grant + data or UL grant
Cellular UL data + ACK/NACK
D2D SCI pool (PSCCH)
D2D data pool (PSSCH)
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