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1 Introduction
In the 3GPP RAN1 #88bis meeting, feD2D communication and UE-to-NW relaying aspects were discussed [1]. For sidelink resource allocation and configuration, the following agreements were made.

Agreement

· The following enhancements for sidelink unicast communication are studied further: 

· eNB controlled resource allocation and configuration for communication between Relay and Remote UE

· eNB decision on resource allocation is relayed to Remote UE by Relay UE

· Relay UE assisted resource allocation and configuration under eNB control

· Remote UE assisted resource allocation
Agreement

· Three sidelink resource configuration options are further analysed

· TDM between PSCCH / PSSCH from UE and system perspective (Similar to R12)

· FDM between PSCCH / PSSCH from UE and system perspective (Similar to R14)

· FDM between PSCCH / PSSCH from system perspective but TDM from UE perspective
For sidelink resource allocation, three types of resource allocation mode are identified for further study. Also, for sidelink resource configuration, three types of options are identified for further study. In this contribution, we present our views on these three resource allocation modes and resource configuration options. 
2 Discussion
2.1 Resource allocation mode
Based on the resource allocation modes that were agreed in the previous meeting, we categorized four types of resource allocation mode as follows:
(1) eNB direct allocation

· eNB controlled resource allocation and configuration for communication between Relay and Remote UE. eNB decision on resource allocation is provided by Uu DL.

(2) eNB indirect allocation

· eNB controlled resource allocation and configuration for communication between Relay and Remote UE. eNB decision on resource allocation is relayed to Remote UE by Relay UE
(3) Relay assisted allocation

· Relay UE assisted resource allocation and configuration under eNB control 

(4) Remote assisted allocation

· Remote UE assisted resource allocation including UE autonomous resource selection.
The resource allocation mode is generally well related to the operation scenario. In feD2D, various types of operation should be supported. In terms of coverage scenario, relay UEs are assumed to be always in-coverage. On the other hand, remote UEs are assumed to be either in-coverage or out-of-coverage. In addition to the coverage assumption, relay types which are unidirectional relay and bidirectional relay should also be taken into account. As for the remote UE, two different UE capability types should be considered. The capability types are defined as:

· Type 1 – UEs that have DL and SL reception capabilities; and 
· Type 2 – UEs that do not have SL reception capabilities
Table 1 summarizes the relationship between resource allocation and the remote UE type assumption. It shows that usable resource allocation mode is restricted by the remote UE type assumption. 

Table 1
Relationship between resource allocation mode and remote UE assumption

	
	
	Resource allocation mode

	Remote UE type
	Remote UE coverage
	eNB direct
	eNB indirect
	Relay
	Remote

	Type 1
	In-coverage
	
	
	
	

	
	Out-of-coverage
	
	
	
	

	Type 2
	In-coverage
	
	
	*1
	

	
	Out-of-coverage
	
	
	
	


*1Relay decision can be transmitted through eNB.
eNB direct allocation can be operated only in in-coverage , since Uu DL is necessary. On the other hand, eNB indirect allocation can be used in the out-of-coverage area where the relay UE can relay the eNB decision to remote UEs through the sidelink. However type 2 UEs that do not have SL reception capability cannot receive eNB decisions through the sidelink. 
For relay assisted allocation, all cases except type 2 out-of-coverage case can be supported. The type-2 out-of-coverage scenario can only be supported by remote UE assisted resource allocation where it is assumed that the remote UE autonomously selects its own resources for transmission.
Observation 1: The usable resource allocation mode is restricted by remote UE assumption.

For type 1 UEs, both eNB based resource allocation and relay assisted resource allocation should be at least supported since collision free communication can be achieved. Although remote UE assisted resource allocation can also be used for a type 1 UE, this would cause packet collision and which may result in high power consumption. Compared to the eNB allocation, relay UE assisted resource allocation can be operated with lower control overhead. Therefore relay assisted resource allocation can be considered as a baseline for type 1 UEs.
For type 2 UEs, eNB direct resource allocation mode can support in-coverage remote UEs. However, only remote UE assisted resource allocation can be used for out-of-coverage remote UEs since these UEs do not have a way to receive any signal from eNB or relay UE.
Proposal 1: For type 1 UEs, relay UE assisted resource allocation should be the baseline.
Proposal 2: For type 2 UEs, eNB direct allocation can be considered for in-coverage UEs and remote UE assisted resource allocation is needed at least for out-of-coverage UEs.
2.2 Enhancements for resource allocation mode
In the past specifications from release-12 to release-14, four types of resource allocation mode (Mode 1, 2, 3, 4) have been specified. The necessary specification support for feD2D is considered as follows.
eNB direct allocation
Release-12 mode 1 resource allocations can be baseline. Since multiple remote UEs are assumed to be associated with one relay UE, the overhead of resource allocation would be a concern. In addition, if feedback based communication is supported in the sidelink, sidelink feedback information should be returned to the eNB in this case. The feedback overhead is also concern. To mitigate this issue, semi-persistent resource allocation can be considered. Since both resource allocation and feedback information can be transmitted in a semi-persistent manner, the overhead can be significantly reduced. For eNB direct and indirect allocation, the SPS configuration in legacy LTE or release-14 V2X can be used as the baseline for SPS configuration and activation. For relay assisted allocation, new SPS configurations should be further studied. As an example, the eNB can provide SPS resources for a relay UE and the relay UE then decides how to further allocate those to the remote UE. 
Proposal 3: Semi-persistent resource allocation should be studied for both eNB allocation and relay assisted allocation.
eNB indirect allocation
The difference between eNB direct allocation and eNB indirect allocation is whether the eNB decision is relayed or not. A new SCI that contains resource allocation indication for multiple remote UEs should be supported. 
Relay assisted allocation
First of all, it is important to clarify the role of resource allocation between the eNB and relay UE. In our view, the main role of the eNB for relay assisted resource allocation is to allocate orthogonal resource pools for different relay UEs. The orthogonal axis can be time, frequency or space. It should be noted that one of the important aspects in feD2D is that spatial frequency reuse is achieved. On the other hand, the role of the relay UE is to coordinate resources for sidelink communications to avoid any collisions in a resource pool that has been allocated by the eNB.
Considering the above operation, it would be good to provide some information regarding the sidelink channel status to the eNB so that the eNB can allocate suitable resource pools for relay UEs. Since it is difficult for the eNB to figure out the sidelink channel status by itself, sidelink channel reporting from relay UEs is necessary. The eNB can configure the relay UE to measure and report the sidelink channels status for indicated resource pools.
Proposal 4: Mechanisms to provide information which can be used for resource pool allocation at the eNB should be studied. FFS on reporting information.
Remote assisted allocation

In our view, remote assisted resource allocation can be based on the random resource selection in D2D. In the type 2 out-of-coverage scenario, Remote UE autonomous resource selection is necessary.  
2.3 Resource configuration options
In this section, we discuss the three types of resource configuration option that were identified in the previous meeting. For ease of comprehension, the term “sub-resource pool” is introduced. The concept of sub-resource pool is described in Figure 1. The sub-resource pool is a subset of a resource pool and the size of a sub-resource pool is determined by the bandwidth capability of remote UEs, for example 6RB or 1RB. To maintain the single carrier property of SC-FDMA at the relay UE, the sub-resource pools should be assigned in a contiguous manner in the frequency domain. 
[image: image1.emf]Sub-resource pool, e.g. 6RB, 1RB

Resource

pool

…

Frequency

Time


Figure 1
 The relationship between resource pool and sub-resource pool
TDM between PSCCH / PSSCH from UE and system perspective
Since the maximum supported bandwidth of remote UEs is equivalent to that of a sub-resource pool, the size of the control region and data region should also be set appropriately for each sub-resource pool size. It is possible that the UE can monitor only the indicated data region and can sleep in other subframes. So TDM can achieve power efficient communication. In Figure 2, two configuration options are described.
The first one is multi sub-resource pool transmission where the relay UE transmits the control region in every sub-resource pool so that the remote UE can be assigned to monitor in any sub-resource pool. In this case, basically a sub-resource pool should be allocated for the remote UE in advance. The other way is that the relay UE transmits control information only in the anchor sub-resource pool. The remote UE can read the control channel in the anchor sub-resource pool and move to an indicated sub-resource pool where the data is transmitted. After receiving the indicated data, the remote UE can move back to the anchor sub-resource pool to further monitor the control channel. This option is more efficient and flexible than the former one.
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Figure 2

Multi sub-resource pool transmission (left) and anchor sub-resource pool transmission (right)
Proposal 5: The anchor sub-resource pool concept should be further studied.
FDM between PSCCH / PSSCH from UE and system perspective
In this configuration, the remote UE should always monitor the control region. Because the main purpose of feD2D is power efficient communication, this option is not suitable. In addition, when the adjacent resource pool configuration in release-14 V2V, which is described in Figure 3, is used, maintenance of the single carrier property at relay UE would be problem.
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Figure 3

Adjacent configuration (left) and non-adjacent configuration (right)
Observation 2: FDM between PSCCH / PSSCH from UE and system perspective is not suitable for feD2D.
FDM between PSCCH / PSSCH from system perspective but TDM from UE perspective
In this configuration, PSCCH and PSSCH are divided by an FDM manner which is the same as described in Figure 3. The difference with the previous configuration is whether UE can divide the resource pool in a TDM manner or not. In this configuration, the power consumption of UEs can be reduced by applying a TDM allocation strategy which is described in Figure 4. DRX can be used for the TDM allocation. Similar to the previous configuration, the maintenance of the single carrier property of the relay UE would be a concern.
[image: image6.emf]Resource

pool

…

Frequency

Time

Control signal

Data signal

Sub-resource pool

UE group A UE group B

 [image: image7.emf]Resource

pool

…

Frequency

Time

Control signal

Data signal

Sub-resource pool

UE group A UE group B


Figure 4

FDM between PSCCH / PSSCH from system perspective but TDM from UE perspective
Proposal 6: Both TDM system perspective and FDM system perspective + TDM UE perspective should be further studied as baselines.
3 Summary
In this contribution, the following proposals are made:
Observation 1: The usable resource allocation mode is restricted by remote UE assumption.

Proposal 1: For type 1 UEs, relay UE assisted resource allocation should be the baseline.

Proposal 2: For type 2 UEs, eNB direct allocation can be considered for in-coverage UEs and remote UE assisted resource allocation is needed at least for out-of-coverage UEs.
Proposal 3: Semi-persistent resource allocation should be studied for both eNB allocation and relay assisted allocation.
Proposal 4: Mechanisms to provide information which can be used for resource pool allocation at the eNB should be studied. FFS on reporting information.
Observation 2: FDM between PSCCH / PSSCH from UE and system perspective is not suitable for feD2D.
Proposal 5: The anchor sub-resource pool concept should be further studied.
Proposal 6: Both TDM system perspective and FDM system perspective + TDM UE perspective should be further studied as baselines.
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