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1 Introduction
UE-to-network relay could provide relay services for both in coverage remote UE and out of coverage remote UE, and relay UE can identify the different types of remote UEs depending on their discovery process, the resource pool used by remote UE, or the indication from eNB, etc. When a remote UE is in the coverage of eNB, it should be managed by eNB, and can get the Prose Discovery and Communication resource pool configuration carried in SIB. Whereas the out of coverage remote UE should use pre-configured resource pools. Because of that, the relay UE services for these two situations may be different. In this contribution, we discuss the resource scheme for relay UE and remote UE either in coverage or out of coverage scenario.
2 Resource scheme for relay UE and in coverage remote UE
The service path of remote UE in coverage may be switched from Uu of eNB to Sidelink of relay UE when the channel quality of Uu link gets worse. In this scenario, relay UE and remote UE are both in coverage of eNB, and can receive the cell configuration of Prose and the control information from eNB. 
2.1 Resource scheme with different band resource configuration
In principle, relay UE and in coverage remote UE may use the Prose communication mode  1 or mode 2 within the correspongding PSCCH/PSSCH resource pool, and there are three types of signal transmitted on the UL band during the communication betwwen eNB and remote UE:
· relay UE Uu UL transmission
· relay UE Sidelink transmission

· remote UE Sidelink transmission

There may be resource collision between the above three types of signal transmission. More analysis is presented below.
2.1.1 Using the same band resource for Uu UL and Sidelink

When the transmission on Uu and Sidelink of relay UE and remote UE operate in the same band, the UE cannot transmit or receive signal on the UL band at the same time. Thus the three types of transmission list above should be in differnet subframes, in order to avoid the resource collision, as illustrated in Fig.1.
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Figure 1 subframe collision between relay UE and remote UE transmission
While relay UE and remote UE using mode 1 communication on Sidelink, and relay UE Uu UL transmission is also schedlued by eNB, there is no resource collision because of all the resources are coordinated by eNB.
While relay UE is scheduled by eNB with mode 1, and remote UE selects resource in mode 2 resource pool configured in SIB, there may be no resource collision under the condition that eNB assigns PSCCH/PSSCH resources for relay UE out of the resource pools used by remote UE. On the other hand, remote UE uses mode 1 communication and relay UE with mode 2, no collision will be introduced with precise scheduling for remote UE by eNB.
If mode 2 commumication is used for both relay UE and remote UE, since remote UE has no idea of the scheduling information of relay UE transmission on Uu uplink, the resources selected by remote UE may be conflicted with the Uu UL transmission of relay UE. At the same time, remote UE does not know the resource selection of relay UE on Sidelink either, resource collision may occur betweent the resource used by relay UE and remote UE. Considering of that, the collision will be inevitable of the resources independently selected by relay UE and remote UE in mode 2 resource pool. One possible way to avoid the resource collision is that eNB coordinates the configuration to ensure the mode 2 resource pools used by relay UE and remote UE are different, in other words there should be no subframe overlap for the two resource pools. With the proper resource pools configuration, the transmission resource pool of relay UE should be the reception resource pool of remote UE, vice versa. It is obvious that eNB should schedule relay UE Uu UL transmission on the subframes other than the subframes in the resource pool of relay UE and remote UE. Note that this would impose certain restriction on the eNB scheduling and impact the backhaul performance of relay services.
The possible resource collisions with different scheme used by relay UE and remote UE are listed in Table 1.
Table 1 Resource collision with different resource scheme

	                Relay UE
Remote UE
	Mode 1
	Mode 2

	Mode 1
	No collision
	No collision 
with precondition that eNB scheduling remote UE Sidelink transmission beyond the mode 2 resource pool used by relay UE

	Mode 2
	No collision 
with precondition that eNB scheduling relay UE Sidelink transmission beyond the mode 2 resource pool used by remote UE
	Resource collision between relay UE Sidelink transmission and remote UE Sidelink transmission，and
Resource collision between relay UE Uu UL transmission and remote UE Sidelink transmission

（without resource pool coordination）


Based on the analysis above, some coordination of resource pool configuration is needed for relay UE and/or remote UE in order to avoid resource collision when mode 2 communication is used. The configuration of resource pool in Mode 2 will limit the scheduling flexibility of eNB for relay UE, and we propose to let eNB schedule relay UE and in coverage remote UE Sidelink transmission to avoid the possible resource collision: 
Proposal 1: Using mode 1 scheduling for relay UE and in coverage remote UE on Sidelink transmission with the same band used for Uu uplink and Sidelink.
2.1.2 Using the different band resource for Uu UL and Sidelink

The frequency band used for Uu uplink and Sidelink may be different, such as relay UE Uu uplink transmitting on commercial band and Sidelink transmitting of relay UE and remote UE on dedicated Public Safety band. It would alleviate the possible resource collison for the three types of transmission, while there is no resource collision between relay UE Uu uplink transmission and Sidelink transmission, neither collision between relay UE Uu uplink transmission and remote UE Sidelink transmission, the only possible collision may happen when relay UE and remote UE select resources in the same pre-configured mode 2 resource pool on PS band. To avoid the resource selection collision, we propose:
Proposal 2: To ensure relay UE and in coverage remote UE using different pre-configured mode 2 transmission resource pools on Sidelink when dedicated band is used for Sidelink.
2.2 Resource scheduling for relay UE
The eNB has the necessary information of relay UE and in coverage remote UE, such as data rate requirement, and then schedules PSCCH/PSSCH resources for relay UE to forward the data destined to remote UE. The resource scheduling of relay UE on Sidelink should use the Rel-12 Prose communication scheme, and no further standardization work is needed.
To ensure more efficient scheduling, the measurement and report of Sidelink channel condition should be performed by relay UE or remote UE to provide some reference information for eNB so that the scheduling of PSCCH/PSSCH resources can be done more precisely.
2.3 Resource scheduling for remote UE

For in coverage remote UE, eNB can indicate PSCCH/PSSCH resource assignment of remote UE in DCI format 5, and relay UE detects SCI from remote UE in the mode 1 PSCCH resource pool. As discussed above, remote UE may report the measurement of Sidelink to eNB in order to assist the resource scheduling.
3 Resource scheme for relay UE and out of coverage remote UE

Relay UE may use mode 1 or mode 2 communication to service out of coverage remote UEs. Out of coverage remote UE may be transparent for eNB and relay UE sends a request to eNB for Sidelink resources in mode 1. eNB will assign the PSCCH/PSSCH resources without knowing that are used for transmit data to remote UE. For out of coverage remote UE, regardless the communication mode to be used by relay UE, it is certain that the transmission resource pool of relay UE should be a subset of the reception resource pool of remote UE, as proposal:
Proposal 3: The transmission resource pool of Relay UE should be within the reception resource pools of remote UE

Sidelink resources should be selected in pre-configured mode 2 resource pools for out of coverage remote UE, and no extra standardization effort is needed. On the other hand, for a relay UE serving out of coverage remote UEs, it requires more times of blind detection of the SCI, as remote UE may randomly select PSCCH resource within the pre-configured transmission resource pools.
To reduce the blind detection number and power consumption of relay UE receiving for SCI of remote UE, relay UE may indicate a specific resource pool for Mode 2 PSCCH/PSSCH to its associated remote UEs. This can be indicated either in discovery message or other signals, to limit the choice of resources to be used by remote UEs. 
Proposal 4: Relay UE can indicate to out of coverage remote UEs to use a subset of resources within the resource pool for Sidelink control and data transmission.
With the dedicated resource pool, relay UE may schedule the PSCCH/PSSCH resources for remote UE for its Sidelink transmission to relay UE. This will increase the resource efficiency and avoid the possible resource collision between remote UEs associated to the same relay UE. By notifying the remote UE of PSCCH/PSSCH resources, relay UE does not need to blindly detect the SCI in resource pool, i.e., it can receive the signal on the assigned resource. When there are several remote UEs, relay UE should schedule them according to their data requirement and channel condition to improve the performance of Sidelink transmission.
Proposal 5: Schemes of relay UE scheduling out of coverage remote UE within the dedicate resource pool can be considered.
4 Relay services for several remote UEs
Based on the Rel-12 PSCCH/PSSCH resource structure, Prose UE can only transmit one SCI during a PSCCH period. However, a general use case of UE-to-Network relay is that a relay UE would provide relaying services for several remote UEs. It means that the relay UE can serve only one remote UE in a PSCCH period, and the data transmission granularity for different remote UEs is at least one PSCCH period, as illustrated in Fig. 2. Considering that there are more remote UEs in relay UE coverage, it may not satisfy the delay requirement of remote UE.
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Figure 2 Relay UE services every remote UE per PSCCH period
In Rel-12, the PSCCH/PSSCH is designed for Prose broadcast communication, in which transmitting UE sends Sidelink signals without the information of receiving UEs, and has no capability identifying different receiving UEs. Reusing the same PSCCH/PSSCH resource design, relay UE cannot provide services for different remote UEs in one period. 
In order to schedule different remote UEs, more than one PSCCH resources can be chosen to transmit different SCIs. In a PSCCH period, the initial transmission and retransmission of the chosen different PSCCH resources should not be in the same subframe, in order to maintain the single carrier property of SC-FDMA. As discussed in [1], the set of PSCCH resource as {0, 2}, {0, 14} can be used for two different SCI as in Fig. 3. However in this example, no more than two resources in one set can be found to satisfy the conditions that the first and the second transmission of every PSCCH resource are in different subframes. It means that for a given PSCCH resource pool, the number of available PSCCH resources for relay UE to transmit different SCIs is limited, i.e., no more than half of PSCCH subframes in a period are available.
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Figure 3 An exmaple of PSCCH resources selection
A solution to this issue is to introduce PSCCH subframe bitmap repetition in a period, as illustrated in Fig 4, several subframes after the first mapping of PSCCH subframe bitmap, the PSCCH bitmap can be repeated 2, 3, … times within a period. Based on the repeated PSCCH subframe mapping, more PSCCH subframes are available, and relay UE can transmit an independent SCI within the PSCCH subframes indicated by one bitmap, and then more than one SCI could be used for different remote UEs in a period. 
With the repeated PSCCH subframe mapping, the subframe range of PSSCH indicated in SCI should be modified. A natural scheme is to limit the end subframe of PSSCH TRP mapping to the subframe before the first subframe of the next PSCCH bitmap mapping, and it will avoid the possible ambiguous indication of SCIs in different bitmap mapping.
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Figure 4 Relay UE services several remote UEs in a PSCCH period with PSCCH bitmap repetition
Proposal 6: Using PSCCH bitmap repetition during a period, in order to provide more flexibility for relay UE severing more remote UEs.
5 Conclusions

Some analyses of UE-to-network relay resource scheme are presented in this contribution, for different scenario the proposals are: 
Proposal 1: Using mode 1 scheduling for relay UE and in coverage remote UE on Sidelink transmission with the same band used for Uu uplink and Sidelink.
Proposal 2: To ensure relay UE and in coverage remote UE using different pre-configured mode 2 transmission resource pools on Sidelink when dedicated band is used for Sidelink.
Proposal 3: The transmission resource pool of Relay UE should be within the reception resource pools of remote UE

Proposal 4: Relay UE can indicate to out of coverage remote UEs to use a subset of resources within the resource pool for Sidelink control and data transmission.
Proposal 5: Schemes of relay UE scheduling out of coverage remote UE within the dedicate resource pool can be considered.
Proposal 6: Using PSCCH bitmap repetition during a period, in order to provide more flexibility for relay UE severing more remote UEs.
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