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1. Introduction

At RAN2#83 meeting, RAN2 started the investigation of D2D Communication reached the following agreements [1].
	Agreements:
1
Public Safety Communication should be possible irrespective of availability of infrastructure coverage. Whether this needs to be achieved by D2D direct communication in all cases (e.g. in-coverage) remains to be studied. 

2
We assume that D2D direct communication cannot be restricted to a dedicated carrier, i.e., D2D direct communication may appear on the same carrier as regular LTE. FFS how the NW can control (in particular for UEs in coverage) which resources they use for D2D communication.


Also, RAN2 reached the following agreement at the last meeting [2].
	Agreements:
1
As baseline we assume that from L2 point of view, 1:M D2D communication is one-way and there is no feedback on L2 (MAC/RLC/PDCP).


According to these agreements, RAN2 should study D2D direct communication for all four scenarios (i.e., Out of Coverage, Partial Coverage, In Coverage-Single-Cell and In Coverage-Multi-Cell). In addition, it’s required that regular LTE communication and D2D direct communication co-exist on the same carrier. In this contribution, we investigate three options for resource allocation for the in-coverage, the partial-coverage and Out-of-coverage D2D deployment scenarios based on above agreements.
2. Discussion
 Basic assumptions
In this subsection, the basic assumptions for D2D communication are clarified. At RAN2#83 meeting, RAN2 reached the following agreement on the D2D discovery discussion [1].
We will assume that UEs transmitting and receiving discovery signals are synchronized. This will be ensured by RAN1 and we do not need to care for the time being how it is achieved.
Based on the above agreement, the synchronization assumption could be extended to D2D communication. Therefore, RAN2’s discussion on D2D communication should assume UEs participating in D2D communication are already synchronized and have already discovered each other. Note that RAN1 has yet to decide whether discovery is needed prior to D2D communication if only broadcast is assumed. 
Observation 1: For the discussion of D2D communication, RAN2 should assume UEs participating D2D communication are already synchronized. RAN2 should also assume UEs have already discovered each other if discovery is needed for broadcast type D2D communication.
From agreement 2 at RAN2#83 meeting, LTE communication and D2D direct communication should be able to co-exist on the same carrier; therefore, radio resource for D2D communication and cellular communication should be configurable based on traffic demand in both partial coverage and in-coverage scenarios.
Observation 2: For partial coverage and in-coverage scenarios, radio resources for D2D communication should not be considered static.
 Potential issues
In this subsection, potential issues for D2D resource allocation schemes in all scenarios are analysed. For the out-of-coverage scenario, no UE can receive NW signalling directly. Since this scenario has never considered in the pre-Rel-12 NW, some entirely-new mechanisms should be introduced, which is consistent with RAN Plenary’s decision in direct 1:many E-UTRA Communication out-of-coverage is prioritized than any other components [3]. For the in-coverage scenario, all UEs interested in D2D communication can directly receive NW signalling. On the other hand, at least one UE can’t receive direct signalling from the NW in the partial coverage scenario. Therefore RAN2 should consider how UE located in the out-of-coverage region manages to acquire radio resource information for D2D communication. Without this information out-of-coverage UE’s (UE2 in Fig. 1) may broadcast D2D communication during the time when in-coverage D2D Rx UE (UE1 in Fig. 1) attempts to transmit cellular Tx to the eNB. Under this condition, UE1 may not receive the broadcast D2D communication from UE2. If D2D communication is performed on the DL, the issue may be even more severe since the D2D transmissions from UE2 will interfere with the cellular’s DL signals.
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Fig1. In-coverage D2D UE’s cellular Tx and D2D Rx are conflicted
Another area worth investigating is the need for D2D communication for the in-coverage-multi-cell scenario (refer to Fig. 2). For achieving direct D2D communication between UEs located in different cells, same radio resources for D2D communication must be allocated to each D2D UE by each of the cells. So if the in-coverage-multi-cell scenario is supported in Rel-12, D2D communication capable cells should be coordinated. Then RAN2 should consider the level of coordination needed and how UEs located in the in-coverage-multicell region can be achieved for D2D communication.
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Fig2. In-Coverage Multi-Cell Scenario
 Analysis of resource allocation schemes
There seems to be three prominent types of resource allocation schemes i.e., centralized resource allocation, semi-distributed resource allocation and distributed resource allocation. Centralized resource allocation means all D2D UEs are individually scheduled by the eNB. Therefore, all UEs interested in D2D communication must operate under the RRC connected mode. Semi-distributed resource allocation means eNB allocates D2D resources to each group. For the semi-distributed resource allocation scheme, the eNB sends the resource allocation information to each of the cluster-head UEs. Within a D2D group, the D2D UEs may be scheduled by the associated cluster-head UE. In this scheme, at least the cluster-head UE must operate under the RRC connected mode.  For the distributed resource allocation scheme, all D2D UEs are allocated the same D2D resources by the eNB (or the NW). D2D UEs can autonomously use these resources for D2D communications (e.g., using CSMA). If this resource allocation scheme is selected, RAN2 should decide whether UEs interested in D2D communication are allowed to send D2D TX in RRC idle mode. The entity responsible for the D2D link scheduling within a group for all scheduling schemes are summarized in Table 1. In the remaining sections, both the semi-distributed and distributed resource allocation schemes are analysed for all scenarios, whereas centralized resource allocation scheme is analysed only the in-coverage and partial coverage scenarios since none of the UEs can directly receive NW signalling.
Table 1: Entity responsible for the D2D link scheduling within a group for the eNB assigned D2D subframes

	
	Centralized 
	Semi-distributed 
	Distributed 

	In-coverage
	eNB
	Option1: eNB

Option 2: Cluster-head UE
	Autonomous

	Partial-coverage
	eNB
	Cluster-head UE
	Autonomous

	Out-of-coverage
	N/A
	Cluster-head UE
	Autonomous


Observation 3: If the centralized resource allocation scheme is selected, all UEs interested in D2D transmissions must operate in the RRC connected mode. If the semi-distributed resource allocation scheme is selected, at least the cluster-head UEs must operate in the RRC connected mode.
2.1.1. Centralized resource allocation
2.1.1.1.  In-Coverage scenario

For the in-coverage scenario, the following three steps are required for achieving centralized resource allocation.
· STEP 1: Each D2D UE sends an SR and a buffer status to the eNB.
· This will allow the eNB to determine the amount of D2D resources needed for each D2D UE. 

· STEP 2: eNB assigns D2D communication resource(s) for each D2D UE.
· Both single resource allocation and multiple resource allocations (e.g., using SPS) are allowed.
· STEP 3: D2D communication.
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Fig 3. Centralized resource allocation procedure (in-coverage scenario)
The centralized resource allocation scheme is quite similar to the resource allocation scheme for cellular communication; therefore D2D Tx/Rx collision can be readily avoided. If D2D communication is no longer possible for some D2D UEs within a group (e.g., due to loss of D2D coverage based on discovery requirement), it’s also possible for the eNB to transfer some D2D UEs back to cellular communication. However, scheduling coordination will be needed between neighbouring cells to support in-coverage-multi-cell scenario and it is FFS what level of signalling coordination will be needed if UEs located in-coverage-multi-cell start D2D communication. Due to the potential complexities, it would be worthwhile to compare the Pros and Cons associated with this resources allocation scheme as listed below  
Pros:
· Higher spectral efficiency may be realized by reusing D2D resources for cellular UEs. 
· Resources are allocated based on actual need (taking into account of the QoS).
· D2D Tx/Rx collision can be avoided.
· The existing protocol mechanisms can be reused as much as possible. 
Cons:
· Signaling overhead may be increased depending on the number of D2D UEs requesting transmission resources. 
· Additional complexity to support in-coverage-multi-cell scenario.
2.1.1.2. Partial Coverage scenario

For the partial coverage scenario, the following three steps are assumed for the case traffic is generated from the out of coverage UE.
· STEP 1: Out of coverage UE sends an SR and a buffer status to the Relay UE via D2D communication enabled resource. Relay UE forwards the SR and the buffer status to the eNB.

· STEP 2: eNB assigns D2D communication resource and sends this information to the Relay UE. Relay UE forwards this information to all group members.
· It is FFS if other in-coverage UEs can also receive this information from the Relay UE.
· STEP 3: D2D communication.
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Fig 4. Centralized resource allocation procedure (partial coverage scenario)
To handle the partial coverage scenario, the eNB selects a UE within each D2D group with cellular coverage to relay the eNB’s messages to the remaining out-of-coverage D2D UEs. Since eNB have the responsibility for scheduling all D2D links, it may be assumed the eNB knows whether the signal from a D2D UE’s Tx can reach all other D2D UEs within the group. And as described in STEP1, this resource allocation scheme will require the out-of-coverage UE to send an SR and buffer status to eNB via the relay UE. The complexity needed to coordinate this request for the eNB’s and relay UE’s is substantial and we think this option is almost impossible to accomplish.
Pros:
· Higher spectral efficiency may be realized by reusing D2D resources for cellular UEs. 
· Resources are allocated based on actual need (taking into account of the QoS).
· D2D Tx/Rx collision can be avoided.
Cons:
· Signaling overhead may be increased depending on the number of D2D UEs requesting transmission resources.
· Much higher complexity for the Relay UE.
· Additional complexity to introduce control signaling between the Relay UE and the non-Relay UEs within the group.
· Additional complexity to define how eNB determine whether the signal from a UE’s D2D Tx can reach all other D2D UEs within the group.
2.1.2. Semi-distributed resource allocation
2.1.2.1. In-Coverage scenario

In this resource allocation scheme a cluster-head controls the D2D resource allocation for D2D UEs. For the in-coverage scenario, there are two options for the cluster-head: 
· Option 1: The cluster-head is the eNB. 

· Option 2: Each D2D group has its own cluster-head UE. 
Since the resource allocation scheme with Option 1 is the same as the centralized resource allocation scheme for the in-coverage scenario, the following procedures and analysis will be based on Option 2. With Option 2, the cluster-head UE is only allowed to control D2D resources assigned by the eNB. The cluster-head UE is not allowed to use any other D2D resources not assigned to the cluster-head UE. It is assumed the resource allocation procedure is based on the following three steps:

· STEP 1: UE sends an SR and a buffer status to the cluster-head UE.
· It is assumed there is a special subframe e.g., a discovery subframe, that can be used by the out-of-coverage UE to request resources for access from the cluster-head UE.

· STEP 2: The cluster-head UE requests D2D communication resource from the eNB, based on the combined resources required by all D2D UEs within its group. This allows the eNB to determine the amount of D2D resources needed for the D2D group.

· Only multiple resources can be allocated (e.g., using SPS).

· It is FFS if other in-coverage UEs can receive this information.
· It is FFS if the cluster-head UE can simply report the number of D2D UEs within the group without the buffer status information.

· STEP 3: The cluster-head UE schedules D2D transmissions or just forwards the allocated resources from the eNB to other D2D UEs within its group.

· Non-cluster-head UEs can transmit (broadcast) on the assigned or the informed resources to the remaining D2D UEs in the group. 
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Fig 5. Semi-distributed resource allocation procedure (in-coverage scenario)
D2D resources may be scheduled by the cluster-head UE for use by specific D2D UE (i.e., non-contention-based scheduling not needing) or the D2D resource may be scheduled by the cluster-head UE for use by all D2D UEs within the group (i.e., contention-based scheduling using). As mentioned in STEP 1, a special subframe or discovery subframe needs to be defined in order for the non-cluster-head UE to send an SR and a buffer status to the cluster-head UE prior to the assignment of dedicated D2D resources. This scheme has the following Pros and Cons.

Pros:
· Resources are allocated based on actual need (taking into account of the QoS).
· Higher spectral efficiency can be realized by reusing D2D resources for cellular UEs when non-contention-based scheduling is used.
Cons:
· Signaling overhead is increased due to the necessary coordination between the eNB and the cluster-head UE for resource allocation. 
· Higher complexity and load for the cluster head UE. 
· Higher complexity due to cluster head UE acting as the scheduler for D2D transmissions within the group.
· Additional complexity to introduce control signaling between the cluster-head UE and the non-cluster-head UEs.
· Additional complexity to support in-coverage-multi-cell scenario.
2.1.2.2. Partial Coverage scenario

In the partial coverage scenario, the eNB can’t serve as the cluster head for all D2D UEs, since out-of-coverage D2D UEs have no direct connection to the eNB. To handle partial coverage, a UE with the cellular link is assigned as the cluster-head and it relays eNB messages to the remaining D2D UEs within the same cluster. Since, the cluster-head UE schedules the D2D transmissions using the resources allocated by the eNB, collisions between cellular UL and D2D transmissions can be avoided. The procedure for this scheme is assumed to have the following three STEPs for traffic generated by the out-of-coverage UE:

· STEP 1: The out-of-coverage UE sends an SR and a buffer status to the cluster-head UE.
· It is assumed there is a special subframe e.g., discovery subframe, that can be used by the out-of-coverage UE to request resources for access from the cluster-head D2D UE.

· STEP 2: The cluster-head UE requests D2D communication resource from the eNB, based on the combined resources required by all D2D UEs within its group. This allows the eNB to determine the amount of D2D resources needed for each D2D group.

· Only multiple resources can be allocated (e.g., using SPS). 

· It is FFS if other in-coverage UEs can receive this information.
· It is FFS if the cluster-head UE can simply report the number of D2D UEs within the group without the buffer status information.

· STEP 3: The cluster-head UE schedules D2D transmissions or just forwards allocated resources by eNB to other D2D UEs within its group.
· Non-cluster-head D2D UEs can transmit (broadcast) on the assigned or the informed resources to the remaining D2D UEs in the group.
· It is FFS whether the cluster-head UE should forward transmissions from a D2D UE to other D2D UEs in case the D2D UE isn’t able to reach one or more D2D UEs within the same group.
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Fig 6. Semi-distributed resource allocation procedure (partial coverage scenario)
D2D resources may be scheduled by the cluster-head UE for use by one D2D UE (i.e., non-contention-based scheduling not needing) or the D2D resource may be scheduled by the cluster-head UE for all D2D UEs to use within the group (i.e., contention-based scheduling using). As mentioned in STEP 1, a special subframe or discovery subframe needs to be defined in order for the non-cluster-head D2D UE to send an SR and a buffer status to the cluster-head prior to the assignment of dedicated D2D resources. This scheme has the following Pros and Cons.;
Pros:
· Resource is allocated based on actual need (taking into account of the QoS). 
· Higher spectral efficiency may be realized by reusing D2D resources for cellular UEs for the non-contention-based scheduling.
· The cluster-head UE can relay eNB messages to D2D UEs within its group, esp. for the out-of-coverage D2D UEs.
Cons:
· Signaling overhead is increased due to the necessary coordination between the eNB and the cluster-head UE for resource allocation. 

· Higher complexity and load for the cluster head UE. Higher complexity due to cluster head UE acting as the scheduler for D2D transmissions within the group.
· Additional complexity to introduce control signaling between the cluster-head UE and the non-cluster-head UEs.
2.1.2.3. Out-of-Coverage scenario

The out-of-coverage scenario has not been considered in the Pre-Rel-12 NW. Therefore some new features which do not exist in the current specification should be introduced for treating this scenario well. One possibility is for the cluster-head UEs to negotiate with one another or for the cluster-head UE to find unoccupied resources (e.g., using CSMA), and decide which resources will be used for its group. It is assumed the resource allocation procedure is based on the following two steps:

· STEP 1: The UE sends an SR and a buffer status to the cluster-head UE.
· It is assumed there is a special subframe e.g., discovery subframe, that can be used by the out-of-coverage UE to request resources for access from the cluster-head D2D UE.

· STEP 2: The cluster-head UE schedules D2D transmissions or informs available resources for D2D communication to other D2D UEs within its group.
· Non-cluster-head D2D UEs can transmit (broadcast) on the assigned or the informed resources to the remaining D2D UEs in the group.
· It is FFS whether the cluster-head UE should forward transmissions from a D2D UE to other D2D UEs in case the D2D UE isn’t able to reach one or more D2D UEs within the same group.
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Fig 7. Semi-distributed resource allocation procedure (out of coverage scenario)

Currently it is still FFS in RAN1 whether the overall allocation of time/frequency resources is predefined. Additionally, it is also FFS in RAN1 as to how resources are multiplexed among the different D2D groups (i.e., whether the resources are FDM or FDM plus TDM). RAN2 should not finalize the resource allocation procedures until further input from RAN1. This scheme has the following Pros and Cons; 
Pros:
· Resource is allocated based on actual need (taking into account of the QoS). 
· D2D resources may be scheduled by the cluster-head UE for use by one D2D UE or the D2D resource may be scheduled by the cluster-head UE for all D2D UEs to use within the group.

Cons:
· Signaling overhead is increased due to the necessary coordination between the eNB and the cluster-head UE for resource allocation. 

· Higher complexity and load for the cluster head UE. Higher complexity due to cluster head UE acting as the scheduler for D2D transmissions within the group.
· Additional complexity to introduce control signaling between the cluster-head UE and the non-cluster-head UEs.
2.1.3. Distributed resource allocation
2.1.3.1. In-Coverage scenario

With the distributed resource allocation scheme, each UE independently decides whether to transmit or not (e.g., using CSMA). In other words, for each D2D subframe, each D2D UE decides whether to transmit in that D2D subframe, since there is no cluster-head UE that coordinates the D2D resources. It is assumed the resource allocation procedure is based on the following three steps:

· STEP 1: eNB determines how much D2D resources must be allocated. For example, this could be based on the number of UEs interested in D2D communication.

· STEP 2: eNB assigns D2D communication resource(s) via broadcast.
· STEP 3: D2D communication on available resource(s) selected by UE within the informed one(s) in STEP2.
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Fig 8. Distributed resource allocation procedure (in-coverage scenario)
The procedure assumes the eNB should determine the amount of D2D resources that needs to be allocated. This may require a new mechanism e.g., by counting the number of UEs interested in D2D communication. Depending on the accuracy of such a mechanism there may be situations when the allocated resources are insufficient or excessive. However, this has the benefit of reduced complexity in supporting the in-coverage-multi-cell scenario. Also, this technique has already worked well on the unlicensed-band. This scheme has the following Pros and Cons;
Pros:
· UE can perform D2D Tx without dedicated control signaling from NW.
· None of the complexities associated with the support of cluster head UEs.
· Less complexity to support in-coverage-multi-cell scenario.
Cons:
· Lower spectral efficiency (Less QoS support, cannot reuse D2D resources for the cellular UL transmissions, resources needed are unknown in advance).
· The usage of D2D resources requires schemes such as CSMA since the resources are not assigned.

· There is the possibility that the assigned resources may not be used.

· To introduce D2D Tx/Rx collision avoidance mechanism within a D2D group.
2.1.3.2. Partial coverage scenario

For the partial coverage scenario, the same mechanism may be reused as the in-coverage scenario. However, there is the additional complexity for an in-coverage UE to relay the D2D communication resource assignment information to out-of-coverage D2D UEs. The following three steps are required for the distributed resource allocation.
· STEP 1: eNB determines how much D2D resources must be allocated. For example, this could be based on the number of UEs interested in D2D communication.

· STEP 2: eNB assigns D2D communication resource(s) via broadcast. A Relay UE forwards this information to out-of-coverage D2D UEs, if the Relay UE notices the presence of out-of-coverage D2D UEs. 

· It is FFS how the Relay UE is selected if more than one in-coverage D2D UEs in the group can be selected as the Relay UE.

· STEP 3: D2D communication on available resource(s) selected by UE within the informed one(s) in STEP2..

[image: image19.emf]D2D 

communication 

enabaled 

resource

Assignment

D2D 

communication 

enabaled 

resource 

forwarding

 
[image: image20.emf]D2D Tx

D2D Rx



STEP 1&2




STEP 3

Fig 9. Distributed resource allocation procedure (partial coverage scenario)
The Pros and Cons are similar to the in-coverage scenario. In addition, RAN2 should consider the collision avoidance mechanism between in-coverage UE’s cellular Tx and the out-of-coverage D2D UE’s Rx. Therefore further study is needed how to relay eNB messages to D2D UEs within its group, esp. for the out-of-coverage D2D UEs. This scheme has the following Pros and Cons; 
Pros:
· UE can perform D2D Tx without dedicated control signaling from NW.
· None of the complexities associated with the support of cluster-head UEs.

Cons:
· Lower spectral efficiency (Less QoS support, Cannot reuse D2D resources for the cellular UL transmissions, resources needed are unknown in advance).
· The usage of D2D resources requires the use of a scheme such as CSMA since the resources are not assigned.

· There is possibility that the assigned resources may not be used.
· Additional complexity to relay eNB messages to D2D UEs within its group, esp. for the out-of-coverage D2D UEs.
· To introduce D2D Tx/Rx collision avoidance mechanism within a D2D group.
2.1.3.3. Out of coverage scenario
As we mentioned in section 2.3.2.3, RAN1 has yet to decide on the overall design of the time/frequency resources in the out-of-coverage scenario. Therefore, RAN2 should not finalize the resource allocation procedures until further input from RAN1. Assuming the following two steps are required for the distributed resource allocation for the out-of-coverage scenario.
· STEP 1: Each UE independently decides whether to transmit (e.g., using CSMA) on the pre-defined resources.
· STEP 2: D2D communication.
This scheme has the following Pros and Cons; 
Pros:
· UE can perform D2D Tx without dedicated control signaling from cluster head UEs.
· None of the complexities associated with the support of cluster head UEs.
Cons:
· Lower spectral efficiency (Less QoS support, Cannot reuse D2D resources for the cellular UL transmissions, resources needed are unknown in advance).
· To introduce D2D Tx/Rx collision avoidance mechanism within a D2D group.
2.1.4. Summary of resource allocation schemes
After analysing the Pros and Cons for each resource allocation scheme for both deployment scenarios we arrived at the following observations.

Observation 4: For all resource allocation schemes, the same resource allocation scheme may be applied to both the in-coverage scenario and the partial coverage scenario. For the partial coverage scenario, it is assumed that one of the D2D UEs will relay the resource allocation information to the out-of-coverage D2D UEs, regardless of the resource allocation scheme.
Observation 5: The centralized resource allocation and the semi-distributed resource allocation schemes provide control over resources per group, whereas the distributed resource allocation scheme does not provide per group control. 

Observation 6: Although the centralized resource allocation and the semi-distributed resource allocation schemes have the benefit of higher spectral-efficiency relative to the distributed resource allocation scheme, it comes at the cost of higher signalling overhead relative to distributed resource allocation scheme.

Considering the different complexities and benefits associated with the three resource allocation schemes, RAN2 should request feedback from RAN1 regarding the preferred resource allocation scheme, esp. since RAN2 did not consider the complexities involved with synchronization and discovery. 

Proposal: RAN2 should inform RAN1 of the higher layer complexities involved with the three resource allocation schemes and request RAN1 to provide feedback on any additional concerns regarding any of resource allocation schemes. 
3. Conclusion

In this contribution, we investigated three options available for resource allocation schemes for the in-coverage, the partial-coverage and the out-of-coverage D2D deployment scenarios based on previous agreements. We have following observations and one Proposal.
Observation 1: For the discussion of D2D communication, RAN2 should assume UEs participating D2D communication are already synchronized. RAN2 should also assume UEs have already discovered each other if discovery is needed for broadcast type D2D communication.
Observation 2: For partial coverage and in-coverage scenarios, radio resources for D2D communication should not be considered static.
Observation 3: If the centralized resource allocation scheme is selected, all UEs interested in D2D transmissions must operate in the RRC connected mode. If the semi-distributed resource allocation scheme is selected, at least cluster-head UEs must operate in the RRC connected mode.
Observation 4: For all resource allocation schemes, the same resource allocation scheme may be applied to both the in-coverage scenario and the partial coverage scenario. For the partial coverage scenario, it is assumed that one of the D2D UEs will relay the resource allocation information to the out-of-coverage D2D UEs, regardless of the resource allocation scheme.
Observation 5: The centralized resource allocation and the semi-distributed resource allocation schemes provide control over resources per group, whereas the distributed resource allocation scheme does not provide per group control. 

Observation 6: Although the centralized resource allocation and the semi-distributed resource allocation schemes have the benefit of higher spectral-efficiency relative to the distributed resource allocation scheme, it comes at the cost of higher signalling overhead relative to distributed resource allocation scheme.

Proposal: RAN2 should inform RAN1 of the higher layer complexities involved with the three resource allocation schemes and request RAN1 to provide feedback on any additional concerns regarding any of resource allocation schemes.
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