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1
Introduction
In this paper we discuss an issue relating to an out-of-coverage UE reception of Sidelink Control from an in-coverage UE transmitting using scheduled mode (Mode1) of transmission.
2
Background
3GPP Release 12 added support for ProSe direct communication and RAN2 updated the stage2 and RRC specifications for ProSe [2]

 REF _Ref416215688 \r \h 
[3]. The specification [2], Section 23.10.3 specifies details of radio resource allocation for ProSe direct communication. There are two modes of resource allocation: eNB scheduled (Mode1) resources or UE autonomous resource selection (Mode2) from a pool of resources that is configured in the UE. The following are specified in [2]:
	23.10.3
Radio resource allocation

<…>

The following rules apply for the UE:

-
If the UE is out of coverage for ProSe Direct Communication it can only use UE autonomous resource selection;

-
If the UE is in coverage for ProSe Direct Communication it may use scheduled resource allocation or UE autonomous resource selection as per eNB configuration;
-
If the UE is in coverage for ProSe Direct Communication it shall use only the resource allocation mode indicated by eNB configuration unless one of the exceptional cases as specified in [16] occurs;


	23.10.3.1
Resource Pool for Sidelink Control

The resource pools for Sidelink Control when the UE is out of coverage for ProSe Direct Communication are configured as below:

-
The resource pool used for reception is pre-configured;

-
The resource pool used for transmission is pre-configured.

The resource pools for Sidelink Control when the UE is in coverage for ProSe Direct Communication are configured as below:

-
The resource pool used for reception is configured by the eNB via RRC, in broadcast signalling;

-
The resource pool used for transmission is configured by the eNB via RRC, in dedicated or broadcast signalling, if UE autonomous resource selection is used;

-
The resource pool used for transmission is configured by the eNB via RRC, in dedicated signalling if scheduled resource allocation is used;

-
The eNB schedules the specific resource(s) for Sidelink Control transmission within the configured reception pool.

NOTE:
In order to perform communication even when some UEs are in-coverage and some UEs are out of coverage, all UEs (i.e. both in and out of coverage) should be configured with reception resource pools for Sidelink Control which are the union of the resource pools used for transmission of Sidelink Control in the serving cell and neighbour cells and transmission of Sidelink Control for out of coverage.


	23.10.3.2 
Resource Pool for Data

The resource pools for data when the UE is out of coverage for ProSe Direct Communication are configured as below:

-
The resource pool used for reception is pre-configured;

-
The resource pool used for transmission is pre-configured.

The resource pools for data when the UE is in coverage for ProSe Direct Communication are configured as below:

-
The resource pools used for transmission and reception are configured by the eNB via RRC, in dedicated or broadcast signalling, if UE autonomous resource selection is used;

-
There is no resource pool for transmission if scheduled resource allocation is used.


3
Discussion
3.1
Problem description
In ProSe direct communication when both the transmit UE and Rx UE are in-coverage the eNB configures the transmit UE either for Mode 1 or Mode 2 transmissions. If Mode 1 transmission is used the eNB uses dedicated RRC signalling to configure the transmit UE with a resource pool for Sidelink Control transmission (commTxConfig). If Mode 2 resource allocation is used the eNB configures the transmit UE with resource pools for transmission of both Sidelink Control and data using dedicated signalling (commTxPoolNormalDedicated) and broadcast signalling (commTxPoolNormalCommon). The receive UE is always configured with reception pools (commRxPool) through broadcast signalling. 
In Mode 1, the eNB schedules specific resources for both the Sidelink Control transmission and data transmission and sends this set of resources to the transmitting UE using DCI Format 5. The transmitting UE then broadcasts the Sidelink Control information which points to the location of resources where data is scheduled. It should be noted that no data pool is used for Mode 1 since the resources for the data transmission are scheduled by the eNB and can be anywhere in the time-frequency domain.  Not having a data pool is equivalent to having a data pool with all possible resources configured.

In Mode 2, the transmit UE autonomously selects the resource for data and Sidelink Control from the configured data and Sidelink Control resource pools and signals the Sidelink Control information to the receive UE to help receive the data.
On the receive UE side the physical layer procedures for receiving PSSCH depends on whether transmission Mode 1 or Mode 2 is used (see 14.1.3 and 14.1.4 in [4]). This information is not explicitly signalled to the receive UE. The receive UE can determine whether the transmit UE used Mode 1 or Mode 2 transmission for Sidelink Control transmissions based on the reception pool in commRxPool in which the Sidelink Control was received. This is based on the assumption that the Sidelink Control transmitted using Mode 1 and Mode 2 are received using separate non-overlapping reception pools (i.e. Mode 1 or Mode 2 resource pool) configured in commRxPool. A pool in commRxPool that is configured with only the SC time-frequency resources is considered a Mode 1 resource pool and a pool in commRxPool that is configured with both SC time frequency resources and also the data time-frequency resources is considered a Mode 2 resource pool.
Now if the transmit UE is in-coverage but the receive UE is out-of-coverage, the receive UE cannot use the reception pools in commRxPool. An out-of-coverage UE always uses preconfigured resource pool for reception. Also a preconfigured resource pool is always a Mode 2 resource pool since there is no signalling option to configure a resource pool with only the SC time-frequency resources. Due to this limitation an out-of-coverage UE cannot determine whether the Sidelink Control transmitted by in-coverage transmit UE is by Mode 1 or Mode 2 transmission.
3.2
Possible solutions
Option 1: One possible solution is to allow a Mode 1 preconfigured resource pool that is used only for reception of Sidelink Control transmitted using Mode 1 transmissions. This Mode 1 preconfigured reception only resource pool should be separate from the Mode 2 preconfigured resource pool and the Sidelink Control portion of the two pools must not overlap with each other. This would allow an out-of-coverage UE to differentiate whether the Sidelink Control received is using Mode 1 or Mode 2 and apply physical layer procedures for reception for PSSCH accordingly. This solution requires ASN.1 changes to the SL-Preconfiguration information elements to make the data-TF-ResourceConfig and other data related configuration parameters as OPTIONAL so that it is possible to configure a Mode 1 resource pool with only the sc-TF-ResourceConfig. 
Option 2: Another possible solution is to configure one of the pools in preconfigComm in SL-Preconfiguration in such a way that it acts as a preconfigured Mode 1 reception pool i.e. for one of the four pools in SL-PreconfigCommPoolList4-r12 the data-TF-ResourceConfig-r12 can be configured as follows:

	prb-Num = complete UL bandwidth divided by 2
prb-Start = 0

prb-End = last PRB

offsetIndicator = 0

subframeBitmap = set to all 1s


In addition an out of coverage UE must be precluded from transmitting using this type of pool that configures the entire resources.  This would be to avoid interference between the sidelink and Uu transmissions.
There may be other solutions possible e.g. explicitly signalling the transmission mode in the Sidelink Control but these have not been fully explored yet.

Proposal: RAN2 is kindly requested to discuss the problem that an out-of-coverage UE is not able to distinguish whether the Sidelink Control received is for Mode 1 or Mode 2 transmission from an in-coverage UE and decide on a suitable way forward to address the problem.
4
Conclusion
In this paper we discussed an issue relating to an out-of-coverage UE reception of Sidelink Control from an in-coverage UE that is transmitting using scheduled mode (Mode1) of transmission. We discussed couple of options for resolving the problem and make the following proposal:
Proposal: RAN2 is kindly requested to discuss the problem that an out-of-coverage UE is not able to distinguish whether the Sidelink Control received is for Mode 1 or Mode 2 transmission from an in-coverage UE and decide on a suitable way forward to address the problem.

References

[1] 3GPP TS 21.801, Drafting Rules
[2] 3GPP TS 36.300, E-UTRAN Overall description; Stage2 v12.5.0 (2015-03)
[3] 3GPP TS 36.331, Radio Resource Control (RRC); Protocol specification; v12.5.0 (2015-03)
[4] 3GPP TS 36.213, E-UTRA); Physical layer procedures; v12.5.0 (2015-03)



