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1. Introduction
During the RAN2 #85bis meeting, several agreements related to resource allocation for D2D communication were made as follows:
	1 
The SA resource pool used for monitoring when the UE is out of coverage is pre-configured. 

2
As baseline, the SA resource pool used for transmission when the UE is out of coverage is pre-configured. 

3
SA resource pool used for monitoring when the UE is in coverage is configured by the eNB via RRC, dedicated or broadcasted

4
The SA resource pool used for transmission when the UE is in coverage is not known to the UE if Mode 1 resource allocation is used. Instead the eNB schedules the resource to use for SA transmission. The resource assigned by the eNB is within the SA resource pool for reception provided to the UE. 

5
The SA resource pool used for transmission when the UE is in coverage is configured by the eNB via RRC if Mode 2 resource allocation is used (FFS if dedicated or broadcasted).


This contribution discusses the following open issues on D2D communication resource allocation: 
· SA and data resource pool used for monitoring for UEs in coverage

· SA and data resource pool used for transmission for Mode 2 UEs in coverage

One additional issue is also discussed regarding how to signal a SA and data resource pool used for monitoring and transmission for out-of-coverage UEs in partial coverage scenario. 
2. Discussion
2.1 In coverage scenario 
For in coverage scenario, it has been agreed that a D2D communication capable UE needs to be informed which resources to use for D2D communication monitoring. Moreover, a resource pool used for transmission for Mode 2 UE also needs to be configured by eNB via RRC. 
In the last meeting, two options have been discussed but not concluded yet:

1. Broadcast system information 
2. Dedicated RRC signaling.

Option 1 is a relatively logical and efficient way as the resource pool configuration is in practice cell-specific . Moreover, it has a clear benefit of reduced control signaling overhead and standardization efforts compared to Option 2. However, one security concern [1] has been raised and motivated Option 2 to signal the information of resource pools in a secure fashion, e.g., ciphered and addressed to only relevant UEs with a pre-configured common C-RNTI and/or ciphering key. It should be noted that ciphering can be applied in Option 1 as well if the security concern would be raised by SA3, so it does not seem necessary to go with Option 2 for security reasons. In addition, Option 2 requires Mode 2 UEs to be maintained in RRC_CONNECTED to acquire the up-to-date resource pool used for transmission and reception, which would increase power consumption and lead to poor battery life for the D2D capable UEs. In our view, D2D transmission mode 2 should be supported for UEs in RRC_IDLE and we prefer the resource pool to be provided via SIB.
Based on above discussions, we propose:
Proposal 1:
SA and data resource pool used for monitoring and transmission for Mode 2 UEs in coverage is configured by the eNB via broadcasted SIB message unless security concerns are raised by SA3. 
2.2 Partial coverage scenario
As described in [2], the objective of the WI is to enable device to device communication in network coverage (intra-cell and inter-cell), in partial network coverage and out of network coverage. These scenarios should be considered when designing resource allocation scheme. In addition, the resource pool allocation scheme should be specially designed to allow for efficient usage of D2D transmission resource pool and reduced UE power consumption. In this section, we focus on how to allocate the resource pool used for transmission when the UE is out of coverage in partial network coverage scenario. 

For out of network coverage scenario, pre-configured resource pool is reasonably straightforward. However, the situation become somewhat complicated in case of partial NW coverage where some of the UEs that might be communicating with each other are in-coverage while some of them are out-of-coverage. There are two main options on the transmission resource pool allocation for a UE which is out-of-coverage in partial NW coverage case:

1. Pre-configured 
2. The Synchronization Source (SS) being in-coverage forwards the transmission resource pool that is configured by the eNB and used for SA and data transmission 
Although most probably this issue cannot be completely solved in RAN2 alone, it is still beneficial to have such discussion from RAN2 point of view. 

In either option, it is required that D2D capable UEs within a D2D communication cluster are properly synchronized. Specially, UE in-coverage most likely acts as the synchronization source for partial coverage case according to RAN1 agreement that synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside of network coverage. The different impact on WAN operation is illustrated in FIG.1, assuming UE1 acts as SS and UE2 is synchronized with UE1 for D2D communication. 
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Figure 1: Illustration of two different options for transmission resource pool allocation
Option 1 is a relatively simpler solution. However, it may result in interference on UEs in-coverage (e.g. UE1 in FIG.1) if the out of coverage UE (e.g. UE2 in FIG.1) is close to cell edge boundary. The interference situation is different for FDD and TDD cases. For FDD case, if the out of coverage D2D UE transmits on the same resource as the UE in WAN, it will cause interference to the WAN UE’s UL transmission. However, the interference level should be relatively low since the interfering D2D UE is out of network coverage.  How severely WAN traffic will be affected depends on the size of pre-configured transmission resource pool and the location of interfering UEs in out of network coverage. This issue is serious for TDD carriers, where high power D2D transmission may affect the DL subframes for WAN traffic if the information of duplex mode (FDD or TDD) or TDD UL/DL configuration is not known for out-of-coverage UE. How to address this issue for TDD carrier remains unclear for us. 
Option 2 is more complex compared to just preconfiguring a common resource pool for out-of-coverage UEs. On the other hand, Option 2 offers certain advantages from the perspective of reducing impact to WAN traffic. Firstly, this option aligns the transmission resource pool between Mode 2 UEs in-coverage (e.g. UE1 in FIG.1) and Mode 2 UEs in out of network coverage (e.g. UE2 in FIG.1), since a eNB-originated resource pool configuration is forwarded by SS and can be read by out of network coverage UEs after synchronization process. This approach protects WAN communication from interference caused by D2D communication thereby preserving performance of legacy WAN traffic. In addition, it provides a tool for eNB to coordinate suitable resources for D2D or cellular communication based on traffic load conditions. In other words, Option 2 makes it possible for eNB to manage the transmission resource pool of out-of-coverage UEs in consideration of interference among WAN and D2D communication. It might be argued that more standardization efforts is required for Option 2. In our view, the transmission resource pool obtained from eNB can be encoded and carried by PD2DSCH, the information contents of which is being specified in RAN1. Generally speaking, the required specification efforts seems relatively limited and hence it is still realistic to standardize it in the time-frame of Rel-12. 
Considering the above discussions, the potential benefit and necessity of Option 2 in terms of enabling more efficient coexistence with cellular operations in partial coverage scenario is clear. Therefore, we propose: 
Proposal 2: For partial network coverage scenario, the SA and data resource pool used for transmission for UE being out of coverage is forwarded via PD2DSCH by the Synchronization Source (SS) being in-coverage and is originated from eNB. 
Two examples of possible information carried by PD2DSCH were provided in Table 1 and Table 2 [3] below for within/partial coverage scenario and out of network coverage respectively. We can see that it is necessary for SS to send the PD2DSCH along with the synchronization signal in order to provide the necessary control information to the out of coverage UEs. In that case, the SA and data resource pool can be included in the PD2DSCH for the partial network coverage scenario as shown in Table 1 below.
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 = 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 = 50


3. Conclusion
In this paper, we studied the details of D2D resource pool allocation for in network coverage scenario and partial network coverage scenario. Based on the discussion, we have the following proposals: 
Proposal 1:
SA and data resource pool used for monitoring and transmission for Mode 2 UEs in coverage is configured by the eNB via broadcasted SIB message unless security concerns are raised by SA3. 
Proposal 2: For partial network coverage scenario, the SA and data resource pool used for transmission for UE being out of coverage is configured by eNB and forwarded via PD2DSCH by the Synchronization Source (SS) being in-coverage. 
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