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1. Introduction

In general, from the Relay UE aspects, there are four links to be used for UE-to-Network relay operation, as shown in Figure 1, where the Relay UE Cellular DL link is located in DL subframes(for TDD) or carrier (for FDD), it will not collide with other three links. Resource collisions  may occur among the remaining three links(Relay UE Cellular UL link, Relay UE D2D Tx link and Relay UE D2D Rx link) in time-domain, which lead to duplex issue or scheduling constraint in case of in-band relaying. The resource collision scenarios can be categorized as following[1][2][3]:

· Scenario 1: Relay UE Cellular UL link collides with Relay UE D2D Tx link(scheduling constraint)
· Scenario 2: Relay UE Cellular UL link collides with Relay UE D2D Rx link(duplex issue)
· Scenario 3: Relay UE D2D Tx link collides with Relay UE D2D Rx link(duplex issue)
Notes：In the above scenarios, Relay UE D2D Rx link(from Relay UE aspect) is the same as Remote UE D2D Tx link(from Remote UE aspect).
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Figure 1: UE-to-Network relay operation
In this contribution, we will further analyze the above scenarios and provide potential resource coordination mechanisms especially for scenario 2 and 3. 
2. Discussion
2.1. Resource collision scenarios

In scenario 1(Relay UE Cellular UL link collides with Relay UE D2D Tx link), Relay UE is located within network coverage, and the resource or resource pool used for Relay UE D2D Tx link is scheduled or configured by eNB. It can be observed that this scenario is similar as Rel-12 D2D communication for in-coverage UE, thus current resource collision avoidance mechanisms in Rel-12 D2D communication can be reused, which are summarized as following:

· From eNB perspective, eNB can avoid the resource collision between Relay UE cellular UL link and Relay UE D2D Tx link with the cost of scheduling flexibility. 
· From Relay UE perspective, the link with higher priority can preempt the link with lower priority.

Therefore, the resource collision in scenario 1 can be resolved by current Rel-12 mechanisms. 
Proposal 1: The resource collision between Relay UE Cellular UL link and Relay UE D2D Tx link can be avoided by current Rel-12 mechanisms.

In scenario 2(Relay UE Cellular UL link collides with Relay UE D2D Rx link), the Remote UE is located out of network coverage, and the resource pool used for Remote UE D2D Tx link(same as the resource pool used for Relay UE D2D Rx link) is pre-configured. If eNB doesn’t have any knowledge about resource pool used for Remote UE D2D Tx link in advance, the Relay UE cellular UL transmission may collide with Relay UE D2D Rx link at same subframe. According current Rel-12 D2D priority principle, even if the Relay UE D2D Rx link may be dropped due to half duplex operation, this operation will impact the UE-to-Network relay performance. If eNB has known the resource pool used for Remote UE D2D Tx link, eNB can schedule the Relay UE cellular UL transmission one the resources precluding the potential subframes used for Remote UE D2D Tx link.

In scenario 3(Relay UE D2D Tx link collides with Relay UE D2D Rx link), since the resource or resource pool used for Relay UE D2D Tx link is scheduled or configured by eNB, if eNB has known the resource pool used for Remote UE D2D Tx link, it can schedule or configure the resource or resource pool used for Relay UE D2D Tx link to avoid time-domain resource collision with Relay UE D2D Rx link. Furthermore, if Relay UE has known the resource pool used for Remote UE D2D Tx link, it can on-its-own select the Relay UE D2D Tx link resource to avoid the resource collision, even if the resource pool used for Relay UE D2D Tx link are partial overlapped with that used for Remote UE D2D Tx link.
Observation 1: If eNB has known the resource/resource pool used for Remote UE D2D Tx link, it will be beneficial for resource coordination among the three links(Relay UE cellular UL link, Relay UE D2D Tx link and Relay UE D2D Rx link).

Observation 2:  If Relay UE has known the resource/resource pool used for Remote UE D2D Tx link, it will give more flexibility for Relay UE to on-it-own select the Relay UE D2D Tx link resource. It normally occurs when Relay and Remote UEs have the same pre-configuration.
Proposal 2: eNB needs to know the resource/resource pool used for Remote UE D2D Tx link, which will beneficial for resource coordination among the three links (Relay UE cellular UL link, Relay UE D2D Tx link and Relay UE D2D Rx link).
2.2. Resource coordination mechanisms
Based on above discussions, the resource pool information of Remote UE D2D Tx link is essential to avoid the resource collision among the three links. In general, two resource coordination options are provided as following: 
· Option 1: The resource pool used for Remote UE D2D Tx link is pre-configured, which is known by eNB and Relay UE in advance.
The Pros of this option is that there is no extra specification effort from RAN1 perspective. However, due to pre-configured manner, the Tx resource pool used for all remote UEs will be same, which will lead to higher interference at Remote UE D2D Tx link or resource waste
· Option 2: The resource pool used for Remote UE D2D Tx link is configured by eNB, Relay UE obtains the configured resource pool information from cellular link, and then indicates the resource pool information to Remote UE.

Compare to option 1, option 2 can provide different resource pool configurations for the Remote UEs belong to different Relay UE or eNB (even if relay UE from different cells serve the same remote UE), which can reduce the interference at Remote UE D2D Tx link and improve the reliability of Remote UE D2D Tx link. Also, eNB has more scheduling flexibility for its WAN traffic. However, the specification effort would be higher than that in option 1. 
Based on above discussion, in order to improve the reliability of Remote UE D2D Tx link and flexibility of WAN traffic, we prefer to option 2 in Rel-13 D2D.
Proposal 3: The resource pool used for Remote UE D2D Tx link is configured by eNB, and Relay UE relays the resource pool information to Remote UE.

2.3. How to relay the resource pool information
In order to avoid hardware changes[4], it is naturally to reuse Rel-12 physical sidelink signals and channels structure in Rel-13 D2D enhancement, and thus the resource pool information would better to be carried by Rel-12 L1 sidelink channel (e.g. PSBCH, PSDCH and PSCCH+PSSCH). 
Before discussion on which L1 channel can be used in resource pool information relay operation, the payload of the relayed resource pool information need be discussed firstly. According to 36.331 ASN.1, it needs almost 200 bits to indicate a complete resource pool information for mode 2 communication, which include both PSCCH and PSSCH resource pool configuration. An alternative method to reduce the signaling overhead is that only resource pool identifier is carried to Remote UE. The potential requirements of this alternative method is that the resource pool used for Remote UE D2D Tx link is one of the pre-configured resource pools used for out-of-coverage. eNB also needs know the pre-configured resource pools information in advance, and hence eNB can configure a pre-configured resource pool used for Remote UE D2D Tx link. With this alternative method, the signaling overhead at D2D link is minor, it can be easily carried by reserved bit field in PSBCH, relay discovery message (if RAN2 agrees that the AS information can be carried in PSDCH) or RRC signaling carried by communication channel.
Based on the above discussion, from the Relay UE perspective, when and how to carry the relayed resource pool information is discussed as following:
· Option 1: Carried by PSBCH
In Rel-12 D2D synchronization, PSBCH is transmit with same scrambling sequence, DMRS signal and payload for the in-coverage D2D UEs belong to same eNB. Thus D2D UEs can obtain more reliable synchronization through this single frequency transmission mechanism. If the reserved bits are used for carrying resource pool information (resource pool index) in Rel-13, the reliability of synchronization would be impacted due to different formats collision. An alternative method is to define a Relay specific PSBCH resource, which is non-overlapped with Rel-12 PSBCH resources. In this case, the whole L1 channel can be used for Tx pool information transmission. It is noted that SSID can differentiate the configured Tx pools from different cells. 
In this option, since the resource coordination can be operated before the relay discovery procedure, the resource collision can be avoided before any remote UE transmission no matter for which operation during UE-to-Network relay, which improves the UE-to-Network relay performance.

· Option 2: Carried in relay discovery message (e.g. Announcement Message in Model A or Response Message in Model B)
If PSDCH is used in Relay Discovery Procedure, whether the resource pool information (AS information) can be carried in Relay discovery message needs to be discussed by RAN2, which will impact RAN2 Transport Channel definition. Further considering that the payload size of PSDCH is 232 bits and the Relay discovery message need include NAS information, it is much possible to carry only transmission pool index  in the relay discovery message. After receiving and decoding this message from relay UE, the configured transmission pool can applied to remote UE avoiding the following possible collision. Although this option may not solve possible collision when remote UE first sends a request, less resource would be spent (2 PRB per transmission compared to 6 PRB in option 1). 
· Option 3: The resource pool information is carried after relay discovery procedure. 
Basically, from RAN1 aspects, both PDSCH and D2D communication channels can be used to carry the resource pool information(AS information). If PSDCH is adopted, again, it may impact RAN2 Transport Channel definition. If D2D communication is adopted, the specification effort would be minor.
Since there is no resource coordination in advance, thus the inter-monitoring performance between Relay UE and Remote UE will be essential during the initial resource coordination. The inter-monitoring performance of D2D communication channel is normally worse than that of PSDCH from R12 D2D evaluation. Also resource efficiency is expected to be lower due to resource taken both PSCCH and PSSCH. 
After the initial resource coordination, the pool information can also be carried by RRC in D2D communication channel, if the resource pool information updates from the eNB which its serving relay is connected to..
Based on above discussion, from the perspective of efficiency in resource coordination, we prefer to option 1 and option 2, whether option 2 can be used is decided by RAN2. 
Proposal 4: Rel-12 L1 sidelink signals shall be reused for transmission pool relayed to remote UE.
Proposal 5: Resource pool information is preferred to be carried in PSBCH or discovery message:

 - If the resource pool information is carried by PSBCH, it shall be transmitted in Relay UE specific resource which are non-overlapped with Rel-12 PSBCH resources.
-  Whether the resource pool information can be carried in discovery message depends on RAN2 decision.
3. Conclusion 
In this contribution, we further analyze the resource collision scenarios in UE-to-Network relay operation, and provide potential resource coordination mechanism among three links(e.g. Relay UE Cellular UL link, Relay UE D2D Tx link and Relay UE D2D Rx link). Particularly, the following observations and proposals are given:
Observation 1: If eNB has known the resource/resource pool used for Remote UE D2D Tx link, it will be beneficial for resource coordination among the three links(Relay UE cellular UL link, Relay UE D2D Tx link and Relay UE D2D Rx link).

Observation 2:  If Relay UE has known the resource/resource pool used for Remote UE D2D Tx link, it will give more flexibility for Relay UE to on-it-own select the Relay UE D2D Tx link resource. It normally occurs when Relay and Remote UEs have the same pre-configuration.
Proposal 1: The resource collision between Relay UE Cellular UL link and Relay UE D2D Tx link can be avoided by current Rel-12 mechanisms.

Proposal 2: eNB needs to know the resource/resource pool used for Remote UE D2D Tx link, which will beneficial for resource coordination among the three links (Relay UE cellular UL link, Relay UE D2D Tx link and Relay UE D2D Rx link).
Proposal 3: The resource pool used for Remote UE D2D Tx link is configured by eNB, and Relay UE relays the resource pool information to Remote UE.

Proposal 4: Rel-12 L1 sidelink signals shall be reused for transmission pool relayed to remote UE.

Proposal 5: Resource pool information is preferred to be carried in PSBCH or discovery message:

 - If the resource pool information is carried by PSBCH, it shall be transmitted in Relay UE specific resource which are non-overlapped with Rel-12 PSBCH resources.

-  Whether the resource pool information can be carried in discovery message depends on RAN2 decision.
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