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1 Introduction
In RAN1#89 meeting [1], capabilities and comparisons of unidirectional and bidirectional schemes for Relay mode were agreed and shown in Table 1. 
Table 1: Capabilities and comparison of unidirectional and bidirectional schemes for Relay modes
	Design Aspects
	Bidirectional Relaying
	Unidirectional Relaying

	Synchronization
	Remote UE coverage
	In-coverage and partial coverage scenarios.
	In-coverage and DL only  coverage scenarios

	
	Sync Source
	eNB or Relay UE transmitting SLSS
	eNB

	Discovery procedure
	PSDCH based Relay UE discovery enhancements
	The enhancements are beneficial and can be considered
	The enhancements are required

	Relaying operation
	DL-SCH reception
	From Relay UE
	From eNB without relaying

	
	UL-SCH transmission
	Through Relay UE
	Through Relay UE

	Resource management
	Whether eNB can control Remote UE TX/RX resources
	Yes
	Yes

	
	Whether Relay UE can control Remote UE TX/RX resources
	Yes
	No

	
	Whether Remote UE can use autonomous resource allocation mode
	Yes
	Yes

	ACK/NACK feedback
	From Relay UE perspective, whether legacy HARQ operation can be reused for DL and UL transmission with potential enhancements for DL transmission
	Yes
	Yes

	
	From Remote UE perspective
	For UL transmission, either legacy principle is reused or relaying of feedback can be used
	For UL transmission, only Legacy principle of operation can be reused

	
	
	For DL transmission either legacy principle is reused or relaying of feedback can be used
	For DL transmission either legacy principle is reused or relaying of feedback can be used

	Measurements
	Whether Relay UE can perform sidelink measurements (e.g. PC5 RSRP/RSSI)
	Yes
	Yes

	
	Whether Remote UE can perform sidelink measurements (e.g. PC5 RSRP/RSSI)
	Yes
	No

	Sidelink Power Control
	--
	Bidirectional sidelink power control is possible w/o tight eNB involvement, i.e. sidelink power control can be done at both the Relay and Remote UE side.
	Remote UE sidelink power control can be done through additional eNB signaling.

	DL CSI Feedback
	From Relay UE perspective
	Legacy principle can be reused
	Legacy principle can be reused

	
	From Remote UE perspective
	In DL relaying scenario the DL CSI feedback may not be necessary
	DL CSI either needs to be relayed or transmitted directly to eNB or omitted



Table 1 clearly shows the differences between unidirectional and bidirectional relay modes and the functions of the Relay UE and the Remote UE in each of the modes.  Based on that, more detail analyses of collisions of SL TX/RX with UL TX for Relay UE and DL RX and SL RX for Remote UE are discussed and some preliminary solutions for the issues are presented.
2 Discussion
2.1 For Relay UE
Since the unidirectional mode can be regarded as a segment mode of the bidirectional mode, we use the bidirectional mode as a typical example in following analyses on the resource collision for the Relay UE.
As shown in Figure 1, for the Relay UE, there are three sorts of operation on system uplink resources, including:
· UL transmitting to eNB;
· SL transmitting to Remote UE;
· SL receiving from Remote UE;
While each of these operations is implemented on a subframe, the other two cannot be performed.  In other words, resources used for the three sorts of operation should be allocated on different subframes.  
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Figure 1:  Bidirectional mode for FeD2D
In general, by using the eNB scheduling scheme, all of the Sidelink and uplink resources are coordinated by eNB.  Based on that, there should be no resource conflict from the Relay UE.  
With the Relay UE scheduling scheme, the Sidelink transmission resources of the Relay UE and related Remote UEs should be assigned by the Relay UE within configured resource pool and no collisions should be introduced to the Sidelink transmission and reception for the Relay UE.  
Considering that, the uplink transmission resources scheduled by eNB and Sidelink transmission/reception resource selected by the Relay UE in the resource pool, if a precondition assumed that the eNB would not schedule the Relay UE uplink transmission on the subframes which is included in the resource pool, there is no resource conflict between Uu and PC5 from the Relay UE.  But with a shared resource pool, such as a cell level Sidelink resource pool, it may set a strict limitation for eNB scheduling and the precondition is hard to achieve. Nevertheless, the eNB may schedule resources which are contained in the Sidelink resource as uplink resources for the Relay UE.  However, the Sidelink resources selected by the Relay UE may not be particularly known by eNB.  Therefore, eNB may schedule uplink transmission of the Relay UE with the same subframe on which the Relay UE is going to transmit or receive Sidelink signals.  
Observation 1: With the eNB scheduling scheme, there is no conflict for Relay UE Uu and Sidelink communication.
Observation 2: With the Relay UE scheduling scheme,  the Relay UE uplink transmission may be conflicted with its Sidelink operation as eNB may not know the particular resources scheduled by the Relay UE.
While using the Relay UE scheduling, a possible resource collision may happen between the Relay UE uplink transmission and Sidelink operation.  Similar issues were discussed in V2V communication and the corresponding solution is presented in [2] as follows:
	If a UE uplink transmission of a serving cell overlaps in time domain with a sidelink transmission for sidelink transmission mode 3 or 4 of the same serving cell and the value in “Priority” field of the corresponding SCI is smaller than the high layer parameter thresSL-TxPrioritization, then the UE shall drop the uplink transmission. Else, if a UE uplink transmission of a serving cell overlaps in time domain with sidelink transmission for sidelink transmission mode 3 or 4 of the same serving cell, then the UE shall drop the sidelink transmission.


It means that when uplink transmission and Sidelink transmission is conflicted, depending on the priority principle, UE should determine to drop one transmission with lower priority and then perform the other transmission.  For the Relay UE, the same solution can be reused.
In additional, there are also potential collisions of uplink transmission and Sidelink reception of Relay UE, the corresponding principle should be carried out by the Relay UE.  As the ProSe Per-Packet Priority (PPPP) level of the data that Remote UE requires resources to transmit should be known by the Relay UE, a priority threshold value similar as thresSL-TxPrioritization can be assigned.  Depending on the threshold value, the Relay UE can determine to perform uplink transmission or Sidelink reception.
Besides the priority based scheme, considering the characteristic of network-to-UE relay scenario, a resource pool configuration based scheme to avoid resource collision of Relay UE should be discussed.   
Being different from the scenarios of D2D or V2V broadcast communication, unicast communication mode is used between the Relay UE and Remote UE.  It means that a dedicated resource pool configuration per Relay UE or even per Remote UE may be used.  Within limited Sidelink resource pool in which several subframes may be contained, it is easy for eNB to assign the Relay UE uplink transmitting skipping the subframes in the dedicated resource pool.  Using dedicated resource pool, it fundamentally avoids resource collision between Uu and PC5 and also the potential loss of dropping one link signal which is caused by using priority threshold based scheme.  In addition, dedicated resource pool may benefit resource indication, SCI detection and power consumption for the Remote UE, more details in [3].
Observation 3: With the Relay UE scheduling, priority threshold value based or dedicated resource pool based schemes can be used to process the resource conflicts of the Relay UE.
Considering the Remote UE selection scheme, the issues seem to be more complicated.  If the transmitting resource pools of the Relay UE and Remote UE are shared or with overlapped subframes, conflicts may exist both between Relay UE Sidelink transmission and reception and between Relay UE uplink transmission and Sidelink reception while Relay UE and Remote UE independently select its own resources.  Furthermore, even through the Relay UE is aware of the priority of Remote UE’s data the priority threshold value based scheme is invalid in this scenario.  It is because of the Relay UE not being able to predict which subframes may be used by Remote UE and then it cannot determine whether to perform Sidelink or uplink transmission or to drop its transmitting and receive the Remote UE signal on a given subframe. Therefore, the simplest and most efficient way is to use independent transmitting resource pool for the Relay UE and Remote UE.  In other words, the Relay UE transmitting resource pool should be the receiving resource pool for Remote UE, vice verse.   
Observation 4: With the Remote UE selection scheme, independent transmitting resource pools should be assigned for both the Relay UE and Remote UE.
For the unidirectional mode, the Relay UE does not need to transmit signals to Remote UE on Sidelink. The situation is simpler and no other issues are different with it being in the bidirectional mode.  In order to avoid potential resource collision, we recommend using a uniform scheme for all types of Sidelink resource schemes, dedicated resource pool based scheme seems more efficient. So, we proposed using dedicated Sidelink resource pools for Relay UE to avoid possible resource conflicts.
Proposal 1:  Using dedicated Sidelink resource pools for the Relay UE to avoid possible resource conflicts should be supported.
2.2 For Remote UE
As shown in Figure 2, with Type 1 Remote UE (with Sidelink transmitting and receiving capabilities) within the bidirectional mode, the Remote UE transmits and receives signals on Sidelink and receives downlink transmission from eNB on Uu.  
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Figure 2: Bidirectional mode with Type 1 Remote UE
When all of the resources for the Remote UE on Uu and PC5 are scheduled by eNB there are no collisions on DL RX and SL RX for Remote UE. There is also no collision with the Relay UE when all of the resources for the Relay UE are scheduled by eNB.  
With the Relay UE scheduling, no conflict would be introduced between Sidelink transmission and reception for the Remote UE.  While the Remote UE does not perform uplink transmission to the eNB, there would be no more conflict to consider for Sidelink transmission and uplink transmission.
However, with the Remote UE selection scheme, the Remote UE chooses resources in its transmitting resource pool and blindly detects signals from the Relay UE in its receiving resource pool that is also the transmitting resource pool of the Relay UE.  When the resource selecting processes are implemented by the Relay UE and Remote UE independently, it may cause resource collision, while the transmitting resource pool and receiving resource pool of the Remote UE are shared or when the subframes of the two resource pools are overlapped. 
Observation 5: With the eNB scheduling scheme, there is no conflict for the Remote UE Uu and Sidelink communication.
Observation 6: With the Relay UE scheduling scheme, there is no conflict for the Remote UE transmission and reception on Sidelink.
Observation 7: With the Remote UE selection scheme, there may be conflict for the Remote UE transmission and reception on Sidelink.
In order to avoid potential resource conflict of the Remote UE Sidelink transmitting and receiving with the Remote UE selection scheme, independent resource pool configuration should be considered for the Relay UE transmitting resource pool and Remote UE transmitting resource pool.
Proposal 2: Independent Sidelink transmitting resource pool for the Relay UE and Remote UE should be configured to avoid Sidelink conflict with the Remote UE selection resource scheme. 
However, there is another particular issue that should be considered for the Remote UE.  It may be beyond the Remote UE’s ability to receive signals on Uu downlink and Sidelink simultaneously subject to its low cost limitation.  Similar with the analyses mentioned above, without the precondition that eNB avoid using subframes contained in Sidelink resource pool bearing the Remote UE Uu service, there may be some collisions that occur between the Remote UE downlink reception and Sidelink reception.  
More than that, the independence of eNB scheduling of Uu downlink and Relay scheduling Sidelink resources makes it impossible for the Remote UE to make any decision in advance. Considering that, the downlink transmitting to the Remote UE using resource pool subframes is completely meaningless since the Remote UE should try to detect Sidelink signals on the subframes contains in its receiving resource pool, but not to receive Uu downlink signal. 
Observation 8: The potential conflict between Uu downlink receiving and Sidelink receiving of the Remote UE is inevitable without the precondition that the eNB do not use the resource pool subframes for the Remote UE downlink scheduling.
The possible solution is to assign a Remote UE dedicated Sidelink reception resource pool with relatively small number of subframes so that the eNB can skip its downlink transmission to the Remote UE from those subframes.  The dedicated resource pool configured for the Remote UE can provide another merit of efficient power consumption reduction.  
Based on the discussion above, we propose that the dedicated Sidelink reception resource pools for the Remote UE should be used for the Relay scheduling scheme.
Proposal 3: Dedicated Sidelink reception resource pools for the Remote UE should be used for the Relay scheduling scheme. 
With the other case of Type 2 Remote UE that cannot receive Sidelink signals, the unidirectional mode should be used, as illustrated in Figure 3.  There are two types of signals for the Remote UE that includes transmitting Sidelink signals on the uplink resources and receiving downlink signals from the eNB and there is no conflict issue for this case.
[bookmark: _GoBack]Observation 9:  There are no conflict issues for Type 2 Remote UEs.
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Figure 3: Unidirectional mode with Type 2 Remote UE
3 Conclusions
In this contribution, we analyzed the scenarios of the Relay UE and Remote transmission/reception on PC5 and Uu.  In order to avoid resource conflicts and make eNB scheduling easy, proper resource pools should be configured. So, we present the following observations and proposals:
Observation 1: With the eNB scheduling scheme, there is no conflict for the Relay UE Uu and Sidelink communication.
Observation 2: With the Relay UE scheduling scheme,  the Relay UE uplink transmission may be conflicted with its Sidelink operation as eNB may not know the particular resources scheduled by the Relay UE.
Observation 3: With the Relay UE scheduling, priority threshold value based or dedicated resource pool based schemes can be used to process the resource conflicts of the Relay UE.
Observation 4: With the Remote UE selection scheme, independent transmitting resource pools should be assigned for both the Relay UE and Remote UE.
Observation 5: With the eNB scheduling scheme, there is no conflict for the Remote UE Uu and Sidelink communication.
Observation 6: With the Relay UE scheduling scheme, there is no conflict for the Remote UE transmission and reception on Sidelink.
Observation 7: With the Remote UE selection scheme, there may be conflict for the Remote UE transmission and reception on Sidelink.
Observation 8: The potential conflict between Uu downlink receiving and Sidelink receiving of the Remote UE is inevitable without the precondition that the eNB do not use the resource pool subframes for the Remote UE downlink scheduling.
Observation 9:  There are no conflict issues for Type 2 Remote UEs.
Proposal 1:  Using dedicated Sidelink resource pools for the Relay UE to avoid possible resource conflicts should be supported.
Proposal 2: Independent Sidelink transmitting resource pool for the Relay UE and Remote UE should be configured to avoid Sidelink conflict with the Remote UE selection resource scheme. 
Proposal 3: Dedicated Sidelink reception resource pools for the Remote UE should be used for the Relay scheduling scheme. 
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