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1. Introduction
This document discusses the need for transmission resource pool coordination for D2D communication in partial coverage scenario.
2. Discussion
For UEs that are out-of-coverage, it was agreed as a baseline that the scheduling assignment (SA) resource pool for transmission was preconfigured. This option is simple and works well for out-of-coverage scenario and partial coverage scenario in FDD system [1]. However, it might cause a strong UE-to-UE interference in TDD system when D2D communication operates in a partial coverage scenario where some of the UEs are in-coverage while some of them are out-of-coverage. This interference eventually leads to a DL throughput degradation for WAN services. An example of the UE-to-UE interference issue is illustrated in FIG.1, where UE1 is in-coverage while UE2 is out-of-coverage. Note that the potential performance impact due to UE-to-UE interference might be serious for TDD carriers if the information of duplex mode (i.e. FDD or TDD) and TDD UL/DL configuration is not known for out-of-coverage UEs and aggressive D2D UEs with a maximum transmission power are close to the victim UE. 
Observation 1: 

· For a partial coverage scenario in TDD system, using preconfigured resource pool for D2D transmission may degrade cellular DL performance. Hence, transmission resource pool coordination among UEs is beneficial.
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Figure 1: An example of UE-UE interference in partial coverage scenario of TDD system
To avoid WAN DL throughput impact caused by UE-to-UE interference, one possible solution is to allow certain UEs who are in-coverage to forward the eNB-originated transmission resource pool configuration for SA and data transmission to UEs who are out-of-coverage. 
Two relevant issues need to be addressed to standardize this design option. The first issue is how to select these forwarding UEs. The second issue is what is the potential eNB-originated information content forwarded by the selected UEs.

Issue #1: how to select UEs to forward eNB-originated transmission resource pool configuration
For the first issue, we think synchronization sources (SS) in-coverage is a good candidate UEs for forwarding eNB-originated resource pool configuration together with D2D-specific synchronization signal transmission. RAN1 has agreed that an in-coverage UE can become a D2D SS to transmit D2DSS signal if it is configured to do so by the eNB, but the details on SS selection are still not settled in RAN1. RAN1 defines two types of SS, Gateway SS(G-SS) and Independent SS(I-SS). A G-SS is defined as a node that derives timing from an I-SS and also retransmits D2DSS. I-SS refers to the node which transmits D2DSS and does not derive timing from any other synchronization sources. The in-coverage UE can act as G-SS even when no Independent SS (I-SS) has been detected. 

Two design options are being discussed for G-SS selection within coverage. 
A first option, named “reactive approach”, requires NW to first allocate scanning time intervals to enable UEs being in-coverage to regularly search and detect the presence of any I-SS [4]. Once an I-SS, which is not the eNB that the UE is associated with, is detected and its received power exceeds a preconfigured threshold (e.g. XdBm), the UE can either autonomously takes a G-SS role, or report to eNB about I-SS detection and then follow eNB instruction to become a G-SS node. 
A second option is named “proactive approach” [4], in which NW may configure some UEs to work as a G-SS, based on knowledge of certain statistics (e.g. BLER, CCE levels, RRM measurement, etc.), in order to prevent appearance of I-SS in the network proximity or coverage hole. Alternatively, eNB can configure specific conditions (e.g. received power of CRS is below RSRP threshold YdBm and received power of detected D2DSS from in-coverage UE is below Z dBm), which should be met by UE to become a G-SS node.
We also note that in RAN1#77 PD2DSCH (D2D Synchronization Channel) was agreed to be specified at least for indication of out-of-coverage D2D transmit resource pool or D2D frame number during synchronization acquisition procedure. 
Taking the agreements from RAN1 as basis and keeping in mind of the identified problem, we propose: 

Proposal 1: 

· For partial network coverage scenario, the eNB-originated D2D transmission resource pool configuration is forwarded on PD2DSCH by the Synchronization Source (SS) being in-coverage, to UE being out of coverage 
Issue #2: what is the content of the eNB-originated transmission resource pool configuration that should be forwarded

To address the second issue, two examples of possible information carried by PD2DSCH were provided in [1] and this information is repeated in Table 1 and Table 2 below for within/partial coverage scenario and out-of-coverage scenario, respectively. 
Table 1: Information carried by PD2DSCH for within/partial network coverage scenario
	Information
	Description
	#bits

	Synchronization source identity (SSID)
	The synchronization source identity can be used to identify the original synchronization source.

SSID – 16 bits (e.g. 9 MSBs are carried over PD2DSCH, 7 LSBs are encoded by SD2DSS)
	9

	System bandwidth / D2D operation bandwidth
	BW (1.4, 3, 5, 10, 15, 20 MHz)
	3

	Max number of hops
	Max number of hops
	2

	Cyclic redundancy check
	CRC
	16

	UL/DL configuration + TDD/FDD differentiation
	Indication of 7 legacy UL/DL configurations and FDD. It is FFS if this information can be a part of D2D resource pool configuration.
	3

	D2D resource pool configuration
	Includes indication of allocated time and frequency resources for D2D operation including PD2DSCH periodicity, scheduling assignment resources, discovery, etc. Amount of bits is FFS
	4

	D2DSS received power threshold (RSRP threshold)
	Index to the table with predefined or preconfigured RSRP values 
	2

	Other information
	Reserved (FFS)
	11 

	Total
	
	 50


Table 2: Information carried by PD2DSCH in out of network coverage scenario
	Information
	Description
	bits

	Synchronization source identity (SSID)
	The synchronization source identity can be used to identify the original synchronization source.

SSID – 16 bits (e.g. 9 MSBs are carried over PD2DSCH, 7 LSBs are encoded by SD2DSS)
	9

	System bandwidth / D2D operation bandwidth
	BW(1.4, 3, 5, 10, 15, 20 MHz)
	3

	Max number of hops
	Max number of hops
	2

	Cyclic redundancy check
	CRC
	16

	D2DSS received power threshold (RSRP threshold)
	Index to the table with predefined or preconfigured RSRP values. The threshold is used to reduce the D2D synchronization source density and can serve as a criteria to become synchronization source.
	2

	Recommended time resource indication
	This information can be used to reduce the in-band emission problem [2]. The UE may select predefined resource if there is no half-duplex collisions with transmitters of interest.
	2

	Other information
	FFS
	16 

	Total
	
	50


The proposed solution can be captured in TS 36.300 as shown in the following text proposal based on the running CR in the RAN2 email reflector discussion [86#33] [LTE/ProSe] for introduction of ProSe: 
	3.2
Abbreviations
...
D2DSS
D2D Synchronization Signal

PD2DSCH
Physical D2D Synchronization Channel

…

23.X.3
Radio resource allocation

……

While being in the coverage area of an E-UTRA cell or being out of the coverage area of an E-UTRA cell but being synchronized with a D2D Synchronization Source (D2DSS), the UE shall perform ProSe Direct Communication Transmission on the UL carrier only on the resources assigned by that cell or provided by the D2DSS via Physical D2D Synchronization Channel (PD2DSCH), even if resources of that carrier have been pre-configured e.g. in UICC.
……
23.X.3.1 Resource Pool for Scheduling Assignment

The resource pool for Scheduling Assignment when the UE is out of coverage can be configured as below:

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

-
The resource pool used for transmission is pre-configured or configured by a D2DSS via PD2DSCH. 
…………………….



Also, we prepared a draft LS to RAN1 in the appendix asking RAN1 to include the eNB-originated transmission resource pool configuration information into the content of PD2DSCH, which was transmitted by a D2DSS for out-of-coverage UE D2D transmission.
Proposal 2: 

· If proposal 1 is agreed, RAN2 to send an LS to RAN1 (draft LS provided in the Appendix)
3. Conclusion
In this paper, transmission resource pool coordination for D2D communication in partial coverage scenario is investigated. Based on the discussion in section 2, we make the following observations and proposals: 
Observation 1: 

· For a partial coverage scenario in TDD system, using preconfigured resource pool for D2D transmission may degrade cellular DL performance. Hence, transmission resource pool coordination among UEs is beneficial.
Proposal 1: 

· For partial network coverage scenario, the eNB-originated D2D transmission resource pool configuration is forwarded on PD2DSCH by the Synchronization Source (SS) being in-coverage, to UE being out of coverage 
Proposal 2: 

· If proposal 1 is agreed, RAN2 to send an LS to RAN1 (draft LS provided in the Appendix)
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1. Overall Description:

RAN2 has discussed the transmission resource allocation issue for the partial coverage case.
It’s RAN2 understanding that using preconfigured resource pool for D2D transmission may degrade cellular DL performance, especially for a TDD system. Hence, transmission resource pool coordination among UEs is beneficial. To achieve this, RAN2 agreed that the eNB-originated D2D transmission resource pool configuration is forwarded by the Synchronization Source (SS) being in-coverage on PD2DSCH for UE being out of coverage. 
RAN2 respectfully asks RAN1 to consider RAN2’s agreement in the discussion of PD2DSCH content.

2. Actions:

To RAN1 group:

ACTION: RAN2 respectfully asks RAN1 to consider RAN2’s agreement in the discussion of PD2DSCH content.

3. Date of Next RAN2 Meetings:

RAN2 Meeting #87bis
6th Oct – 10th Oct 2014
Shanghai, China
RAN2 Meeting #88
17th Nov – 21st Nov 2014
San Francisco, US
eNB
UE1
UE2
ISS
UE3
UE4
UE5
UE-UE interference



