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1. Introduction

In RAN#61 meeting, it is agreed that the following are prioritised to be studied for D2D communication::
· 1:Many communications in network coverage and out-of-network coverage
· Network-UE relay for partial coverage
Also, in RAN 1#74 meeting, the following is agreed:

Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is use
In the RAN 2 also listed a few areas in which further study is required:

We will further investigate the complexity (and possibly efficiency) of different resource allocation schemes (fully scheduled; semi-persistent; CSMA like; …) and also the consequences for control plane and UP protocols. 

In this contribution, both the coordinated and uncoordinated accesses are discussed and their impact to control plane and user plane is analysed.
2. Discussion
As from RAN#61, the main focus is on 1:Many communication in network coverage, out-of-network coverage and also partial network coverage scenarios via Network-UE relay. In order to ensure efficient usage of resources, allow UE power saving mechanisms to work and ensure simple UE detection, such 1:Many communication in the different coverage scenarios needs to ensure that the D2D UEs are in sync to a common synchronisation reference. In the subsequent sections, it is assumed that such common synchronisation reference exists in all the scenarios. 
Similar to the resource allocation schemes for D2D discovery, there are also 2 types of resource allocation:
· Coordinated access

In such an access scheme, there exists a cluster head which acts as a resource allocation controller. In network coverage case, the cluster head can either be the eNB or a dispatcher. While in the out-of-coverage public safety case, the cluster head is the dispatcher.

· Uncoordinated access

Such access scheme allows the UE to autonomous allocate resources itself from a pool of semi-statically configured resource blocks. As it is uncoordinated, the resources allocated are in contention as another UE may allocate itself the same resources.
Similar access schemes are currently used in LTE. The coordinated access is like the current dynamic scheduling in which the UE is scheduled with resources for every D2D transmission or like the SPS scheduling in which the UE is scheduled with periodic resources for D2D transmission. The uncoordinated access is similar to the random selection of the preamble on a pool of resources. In the following section, both access schemes are further analysed in details on their impact to the user plane and control plane protocol.
2.1 Coordinated access
It is assumed that the transmitting/receiving UEs are authorised to use D2D communication and the cluster head performing the resource allocation knows the UEs that are allowed to perform D2D communication in the cluster and assigning them with the appropriate L2 IDs and broadcast/groupcast IDs. Also the transmitting/receiving UEs are monitoring some physical control channel for resources. The procedure flow for coordinated access may look like the following:
Step 1: Transmitting UE sends a ‘scheduling request’ to the cluster head
This ‘scheduling request’ is sent to the cluster head either via dedicated resources already allocated by the cluster head beforehand when a “RRC Connection” is established between the Transmitting UE and the cluster head. Alternatively, this ‘scheduling request’ is like establishing the “RRC Connection” which is sent on a contention based resources (e.g. Type 1 discovery resource allocation scheme). The former is similar to the DSR and the same procedure can be reused. The latter is like a connectionless approach where the transmitting UE does not have a prior connection with the cluster head. Collision handling protocol is needed to ensure the collison of sending the ‘scheduling request’ is minimised among the UEs within the cluster.
The ‘scheduling request’ may contain the amount of data to be sent, L2 ID and the broadcast/groupcast ID.
Step 2: Cluster head schedules the transmitting UE with the resources via a physical control channel using the L2 IDs of the transmitting UE
Upon receiving the ‘scheduling request’ from the transmitting UE, the cluster head assigns resources based on the amount of data to be sent and also on the radio conditions. If the amount of data requested by the transmitting UE cannot be fulfilled by a single schedule, multiple schedules are required. Depending on the application/services, it may also be possible to provide semi-persistent resources.
Step 3: Cluster head also informs the receiving UEs about the transmitting resources via a physical control channel using the broadcast/groupcast IDs indicated in the ‘scheduling request’.
2.1.1 Impacts on User Plane

Based on the above description of the coordinated access scheme, the following impact may be foreseen:
· Like SR, the ‘scheduling request’ is sent from L2 of the UE. Similar SR procedure is probably needed for this function
· If a connectionless approach is used for the ‘scheduling request’, some form of collision handling protocol is needed to handle collision

· Transmitting and receiving UEs need to monitor the physical control channel for any scheduled resources

· If resources can be semi-persistently allocated, similar procedure like LTE SPS is required in L2

2.1.2 Impacts on Control Plane

Based on the above description of the coordinated access scheme, the following impact may be forseen:
· UEs need to find a cluster head and may need to be ‘registered’ with such cluster head in order to get resources for transmission and to be informed of resources for reception.
· UEs need to be configured by the cluster head of how to transmit the ‘scheduling request’ and where to monitor for the physical control channel for scheduling information.
· Cluster head needs to be able to allocate and assign L2ID and broadcast/groupcast IDs to UEs in the cluster
Observation#1: The impact to user and control plane protocol from coordinated access may be as follow:
	User plane impact
	· Like SR, the ‘scheduling request’ is sent from L2 of the UE. Similar SR procedure is probably needed for this function

· If a connectionless approach is used, some form of collision handling protocol is needed to handle collision

· Transmitting and receiving UEs need to monitor the physical control channel for any scheduled resources

· If resources can be semi-persistently allocated, similar procedure like LTE SPS is required in L2

	Control plane impact
	· UEs need to find a cluster head and may need to be ‘registered’ with such cluster head in order to get resources for transmission and to be informed of resources for reception.
· UE needs to be configured by the cluster head of how to transmit the ‘scheduling request’ and where to monitor for the physical control channel for scheduling information.

· Cluster head needs to be able to allocate and assign L2ID and broadcast/groupcast IDs to UEs in the cluster


2.2 Uncoordinated access

For uncoordinated access scheme, a pool of resources are semi-statically allocated by the network RRC in the in network coverage case or are preconfigured when the UE is registered with the network for a particular application for the out-of-coverage case. The UEs use this pool of resources to transmit/listen to any broadcast/groupcast communication.
As it is a contention based access, some form of collision handling mechanism (e.g. CSMA/CA or CSMA/CD) is needed to avoid/resolve/detect collision. In CSMA, the transmitting UE listens to the pool of resources to determine which resources are being used for transmission by other UEs. Once it determines that a resource is not occupied, the transmitting UE transmits on the resource. The random selection of the idle resources may ease collision, but collision may still occur if the pool of resources is limited. There are several ways of dealing with collision in the CSMA scheme:
· Collision avoidance

· Collision detection

Since it is assumed that D2D transmission/reception does not use full duplex in a given carrier, it is not possible for the UE to detect collision while transmitting. Hence collision detection may not be possible in the case and some other collision handling scheme (e.g. avoidance) should be studied further.
2.2.1 Impacts on User Plane

Based on the above description of the coordinated access scheme, the following impact may be forseen:

· Select the D2D communication resources transmission with some form of collision handling rules
2.2.2 Impacts on Control Plane

Based on the above description of the coordinated access scheme, the following impact may be forseen:

· In the in network coverage case, the UE needs to be configured semi-statically with a pool of resources for D2D communication. In the out of coverage case, the default pools of resources for D2D communication is preconfigured by the applications
Observation#2: The impacts to user and control plane protocol from uncoordinated access may be as follow:

	User plane impact
	· Select the D2D communication resources transmission with some form of collision handling rules

	Control plane impact
	· In the in network coverage case, the UE needs to be configured semi-statically with a pool of resources for D2D communication. In the out of coverage case, the default pools of resources for D2D communication is preconfigured by the applications


2.3 Coordinated vs uncoordinated access

From first glance, the impacts from coordinated access may seem relative more than the uncoordinated access. However, most of these impacts are well known to existing LTE and can be resolved quite easily. On the other hand, the impact to the specification may not be small as they required enhancement on many of the existing functions (e.g. extending the existing SR or new procedure for the ‘scheduling request’ for D2D etc.). 

For the impacts from uncoordinated access, it is relative small in terms of specification change and implementation aspect.

Like in the comparison of Type 1 and Type 2 resource allocation scheme, the uncoordinated access can be seen to be sufficient for all the scenarios (i.e. in network coverage, out-of-network coverage and partial network coverage). Whereas the coordinated access can be seen to be a further optimisation which can be used on top of the uncoordinated access to provide network with better resource/power control when the UE is in network coverage

Proposal#1: RAN 2 should focus on uncoordinated access for D2D communication in Rel-12 and work on the user plane and control plane impact identified for uncoordinated access. 
2.4 Partial coverage scenario
In the partial coverage scenarios, some UEs in the same communication group may be in network coverage (under the same cell or different) while some UEs in the same communication group may be out-of-coverage. For uncoordinated access, UEs in network coverage as well as UE in out-of-coverage will need to be manually configured with a common pool of resources so as to receive and transmit D2D communication. Some coordination is also needed with eNB to ensure that those resources reserved for D2D communication is not used for cellular traffic (at least eNB would not used for cell edge UE).  For the coordinated access, the UEs in the communication group will have to be able to receive control channel from the cluster head UE in or out of coverage and are manually configured resources on where to monitor such control channel.
Proposal#2: In the partial coverage scenario, the UEs in the same communication group should manually be configured with common resources to communicate or receive resource schedules. Some coordination is also needed with eNB to ensure that those resources reserved for D2D communication is not used for cellular traffic
3. Conclusion

In this contribution, the following impacts to user and control plane for coordinated and uncoordinated access are observed:
Observation#1: The impacts to user and control plane protocol from coordinated access may be as follow:

	User plane impact
	· Like SR, the ‘scheduling request’ is sent from L2 of the UE. Similar SR procedure is probably needed for this function

· If a connectionless approach is used, some form of collision avoidance protocol is needed to reduce collision

· Transmitting and receiving UEs need to monitor the physical control channel for any scheduled resources

· If resources can be semi-persistently allocated, similar procedure like LTE SPS is required in L2

	Control plane impact
	· UEs need to find a cluster head and may need to be ‘registered’ with such cluster head in order to get resources for transmission and to be informed of resources for reception.

· UEs need to be configured by the cluster head of how to transmit the ‘scheduling request’ and where to monitor for the physical control channel for scheduling information.

· Cluster head needs to be able to allocate and assign L2ID and broadcast/groupcast IDs to UEs in the cluster


Observation#2: The impacts to user and control plane protocol from uncoordinated access may be as follow:
	User plane impact
	· Select the D2D communication resources transmission with some form of collision handling rules

	Control plane impact
	· In the in network coverage case, the UE needs to be configured semi-statically with a pool of resources for D2D communication. In the out of coverage case, the default pools of resources for D2D communication is preconfigured by the applications


Like in the comparison of Type 1 and Type 2 resource allocation scheme, the uncoordinated access can be seen to be sufficient for all the scenarios (i.e. in network coverage, out-of-network coverage and partial network coverage). The coordinated access can be seen to be an optimisation which can be used on top of the uncoordinated access to provide better resource/power control when the UE is in network coverage. Hence it is proposed:

Proposal#1: RAN 2 should focus on uncoordinated access for D2D communication in Rel-12 and work on the user plane and control plane impact identified for uncoordinated access. 

In the partial network coverage case, it is proposed:

Proposal#2: In the partial coverage scenario, the UEs in the same communication group should manually be configured with common resources to communicate or receive resource schedules. Some coordination is also needed with eNB to ensure that those resources reserved for D2D communication is not used for cellular traffic
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