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1 Introduction

In the last RAN 2 meeting, the following was agreed on resource allocation for D2D communication which is included in the TR[1]:

	Agreements
1
All UEs (Mode 1 (“scheduled”) and Mode 2 (“autonomous”)) are provided with a resource pool (time and frequency) in which they attempt to receive scheduling assignments. 

FFS how the resource pool is configured/provided to UEs in or out of coverage. (e.g. pre-configured; provided by eNB in SIB; forwarded by UEs in coverage to UEs out of coverage)

2
In Mode 1, a UE requests transmission resources from an eNB. The eNB schedules transmission resources for transmission of scheduling assignment(s) and data. 

2a
In Mode 1, the UE sends a scheduling request (D-SR or RA) to the eNB followed by a BSR based on which the eNB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 

2b
In Mode 1, it is FFS how the eNB indicates the transmission resources to the UE. 

2c
In Mode 1, the UE needs to be RRC Connected in order to transmit D2D communication. 

3
For Mode 2, UEs are provided with a resource pool (time and frequency) from which they choose resources for transmitting D2D communication. 

3a
The eNB controls whether UE may apply Mode 1 or Mode 2 transmission. Details FFS. 

FFS: For Mode 2, UEs in the “edge of coverage”, obtain the transmission resource pool by the eNB (e.g. SIB signalling).

FFS: For Mode 2, UEs out of coverage it is FFS how they obtain the transmission resource pool (e.g. pre-configured; from other UEs; …). 


In this contribution, consideration of the signalling flow for the D2D communication using Mode 2 resource allocation is studied and some aspects of the flow are discussed for both in coverage and out of coverage scenarios.
2 Discussion
In Mode 2 resource allocation, the TX UE autonomously allocates resource from a pool of resources for the transmission of the Scheduling Assignment. The resource for transmission of the D2D data is indicated in the Scheduling Assignment and the resource for the D2D data is also from a pool of resources. The RX UE monitors a pool of resources related to the Scheduling Assignment. Note that it is still FFS in RAN 1 whether the resource pool for scheduling assignment is same as the resource pool for D2D data. So the pool of resources related to the Scheduling Assignment is the same as the direct data.
The following is the high level flow of the Mode 2 resource allocation for a RX UE either in coverage and out-of coverage:
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Figure 1: High level flow of the Mode 2 resource allocation for a RX UE

1. It is assumed that all the UEs conducting D2D communication is SFN synchronised to each other so that location of the resources are aligned among the UEs.  For in-coverage UEs, the UEs conducting D2D communication is assumed to also SFN syhcnronised to the eNB.
2. For in-coverage RX UE, the eNB may provide a pool of resources for Scheduling Assignment on top of the preconfigured pool of resources provisioned for use in out-of-coverage case. Basically, there are 2 points to study here:

· How does eNB provide this pool of resources to the in coverage RX UE? 
· What is the relationship between this pool of resources and the preconfigured pool of resources used for out-of-coverage? How does the out-of-coverage UE know this pool of resources if it is different to the preconfigured pool of resources?
3. RX UE monitors the pool of resources and acts on the Scheduling Assignment received. Scheduling Assignment is like the PDCCH where control signalling of data transmission is provided. Other than the location of the data transmission, it can contain some physical layer parameters (e.g. NDI, MCS etc.). RAN 1 is still working on design of the direct control signalling.
4. RX UE receives the data transmission based on the location of the resources and other physical control signalling in the Scheduling Assignment.

How does eNB provide this pool of resources to the in coverage RX UE?
In the last RAN 2 meeting, it is left as FFS (‘FFS how the resource pool is configured/provided to UEs in or out of coverage. (e.g. pre-configured; provided by eNB in SIB; forwarded by UEs in coverage to UEs out of coverage)’). D2D communication in in-coverage consists intra-cell D2D communication as well as multi-cell D2D communication. The pool of resources used by the different cells need to be known to the RX UE. If the timing of a neighbouring cell is not synchronous to the RX UE serving cell, the timing of the neighbour also needs to be known by the RX UE. However, according to the WI scope, inter-cell coordination based on X2 or air interface (i.e. no RAN1 discusssion on inter-cell coordination) is  out-of-scope of Rel-12.  As the pool of resources may change over time in different cell, the serving cell of the UE is not able to provide such up-to-date information. It is thus left to the UE implementation to synchronise to detectable neighbouring cells and read the SIB of the neighbouring cells for the pool of resources for monitoring the Scheduling Assignment
Proposal#1: For inter-cell D2D communication, it is left to the UE implementation to synchronise to detectable neighbouring cells and read the SIB of the neighbouring cells for the pool of resources for monitoring the Scheduling Assignment.
A straightforward way of conveying the resource pool for Scheduling Assignment is via RRC signalling. If RRC Idle is supported for D2D communication, these information needs to be provided via SIBs. Otherwise, this information can be provided via dedicated RRC signalling when the UE enters RRC Connected. In RRC Connected, the UE can be verified whether it is allowed to receive D2D communication and only if it is allowed that the resource pool of Scheduling Assignment is provided to the UE. However, this would require further NAS procedure to support this and also require UE to be in RRC Connected mode to conduct D2D communication (i.e. receiving updates of the pool of resources).   We think that D2D communication should be supported in RRC Idle and thus would prefer the resource pool for Scheduling Assignment to be provided via SIB.
Hence it is proposed that:
Proposal#2: For in coverage UE, the pool of resources for Scheduling Assignment of the cell where the UE is in coverage is provided via SIB. 
What is the relationship between this pool of resources and the preconfigured pool of resources used for out-of-coverage? How does the out-of-coverage UE know this pool of resources if it is different to the preconfigured pool of resources?

The out-of-coverage UE needs to be able to monitor the pool of resources used by the in-coverage UE. Likewise, the in-coverage UE needs to be able to monitor the pool of resources used by the out-of-coverage UE. Since in-coverage UE will have been preconfigured with the pool of resources for the out-of-coverage UE, the in coverage UE can monitor the pool of resources used by the out-of-coverage UE and thus the latter is not an issue. There are 3 approaches in which the out-of-coverage UE can receive the pool of resources used by the in coverage UE:

a. The preconfigured pool of resources used by out-of-coverage RX UE is a superset of the pool of resources configured for the in-coverage TX UE

b. The out-of-coverage RX UE gets the pool of resources configured for in-coverage TX UE  at some point in time when it is in-coverage

c. The in-coverage TX UE conveys the in coverage pool of resources to the out-of-coverage RX UE
Approach (a) is the simplest as it ensures that out-of-coverage RX UE will never miss any in-coverage TX UE. However this may impose unnecessary restriction on the eNB to keep the configured pool of resources for in-coverage UE to be a subset of the preconfigured one.
Approach (b) mandates that the in-coverage RX UE stores the pool of resources used by in-coverage TX UE and when it becomes out-of-coverage, it continues to monitor those resources to minimise missing direct transmission from in-coverage TX UE. However, the pool of resources used by in-coverage TX UE may change when a RX UE is momentarily out-of-coverage resulting in missing direct transmission by the out-of-coverage RX UE.  Also the RX UE will be monitoring some resources unnecessary resulting in wasting of UE power.

In Approach (c), out-of-coverage RX UE is preconfigured with a pool of resources where it will be informed of pool of resources used by in-coverage TX UE. This pool should also be in the in coverage pool and cannot be reconfigured from the configured pool. This pool can be a dedicated pool just for this purpose or can be shared with direct data transmission as well. The latter is better from RX UE power saving point of view. In coverage TX UE may periodically send the pool of resources used by itself to the out-of-coverage UE using this pool or may be triggered by events (e.g. eNB notifies the in-coverage UE of the change of resources).  Upon receiving a pool of resources used by in-coverage UE, the out-of-coverage RX UE stores and monitors the new pool in addition to the pre-configured pool of resources.

A combination of Approach (a), (b) and (c) may provide the best result as an out-of-coverage UE may at some point be in coverage and (c) will provide the mean for keeping the pool of resources used by the in-coverage TX UE up-to-date. Approach (a) ensures that a completely out-of-coverage UE (i.e. a UE that can’t detect any in-coverage UE) can still listen to another UE that is out-of-coverage but is using the in-coverage pool to transmit.
A combination of Approach (a) and (b) and (c) is thus necessary. Hence it is proposed: 

Proposal#3: The pool of resources configured for in-coverage UE is always a subset of the preconfigured pool of resources 
Proposal#4: A D2D UE should use and store the pool of resources for Scheduling Assignment from the SIB when it is transmitting and receiving D2D in coverage. 
Proposal#5: For a D2D UE moved out-of-coverage, the D2D UE should continue to transmit based on the pool of resources provided in coverage.

Proposal#6: To ensure that the out-of-coverage D2D UE is up-to-date with the pool of resources used by the in-coverage UE, the in-coverage D2D UEs should periodically transmit the pool of resources for Scheduling Assignment used by in coverage UEs to out-of-coverage UE indicating via a pool of resources which is in both preconfigured and the in-coverage pool and is not reconfigurable by the eNB. The periodicity is FFS. 
The preconfigured pool of resources is only used for D2D transmission when a UE is turned on in out-of-coverage or when it did not receive any in-coverage pool from in-coverage TX UE for a certain period of time.

Proposal#7: The preconfigured pool of resources is only used for D2D transmission when a UE is turned on in out-of-coverage or when it did not receive any in-coverage pool from in-coverage TX UE for a certain period of time.

Proposal#8: The out-of-coverage UE should monitor the preconfigured pool of resource.

3 Conclusion

In this contribution we discuss the signalling flow for Mode 2 resource allocation for TX UE and RX UE. It is requested that RAN 2 agree on the following proposals:
Proposal#1: For inter-cell D2D communication, it is left to the UE implementation to synchronise to detectable neighbouring cells and read the SIB of the neighbouring cells for the pool of resources for monitoring the Scheduling Assignment.
Proposal#2: For in coverage UE, the pool of resources for Scheduling Assignment of the cell where the UE is in coverage is provided via SIB. 

Proposal#3: The pool of resources configured for in-coverage UE is always a subset of the preconfigured pool of resources 

Proposal#4: A D2D UE should use and store the pool of resources for Scheduling Assignment from the SIB when it is transmitting and receiving D2D in coverage. 

Proposal#5: For a D2D UE moved out-of-coverage, the D2D UE should continue to transmit based on the pool of resources provided in coverage.

Proposal#6: To ensure that the out-of-coverage D2D UE is up-to-date with the pool of resources used by the in-coverage UE, the in-coverage D2D UEs should periodically transmit the pool of resources for Scheduling Assignment used by in coverage UEs to out-of-coverage UE indicating via a pool of resources which is in both preconfigured and the in-coverage pool and is not reconfigurable by the eNB. The periodicity is FFS. 
Proposal#7: The preconfigured pool of resources is only used for D2D transmission when a UE is turned on in out-of-coverage or when it did not receive any in-coverage pool from in-coverage TX UE for a certain period of time.

Proposal#8: The out-of-coverage UE should monitor the preconfigured pool of resource.
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