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1
Introduction
Device to Device discovery is mechanism of finding device in proximity matching the service and interest of discoverer device. A UE that wants to be discovered can transmit a discovery signal while other UEs that want to discover the first UE can receive the discovery signal. UEs that are in proximity of a UE transmitting D2D signal will be able to receive and decode the discovery signal; in this way it will be able to discover the UE transmitting the discovery signal. In RAN2 we have been studying the D2D discovery from RAN2 #83. There are few open issues for D2D discovery:

	OPEN ISSUE 1: Editor’s note: The details of resource allocation (Type 1 or Type2; SIB or dedicated) are FFS.

OPEN ISSUE 2: Editor’s note: Detailed mechanism of how MAC layer determines radio resource for transmission is FFS.

OPEN ISSUE 3: Inter-cell Discovery

OPEN ISSUE 4: Editor’s note: It is to be verified with SA2 that IP layer is not used for discovery.

OPEN ISSUE 5: Editor’s note: It is FFS whether MAC layer adds any header to the discovery information or not.

OPEN ISSUE 6: “Can a UE receive D2D discovery (on the UL carrier) and LTE Uu (on the DL carrier) in the same subframe?”


In this document we discuss these open issues. 
2
Discussion
RAN1 has identified broadly two types of resource allocation for D2D discovery i.e. Non-UE specific and UE Specific discovery resources. 
	· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission


These two allocations mechanism differs only for D2D signal transmitter point of view. However from D2D signal receiver point of view they are same as all the UEs monitor D2D discovery resource pool. This discovery resource pool appears periodically and can have contiguous or interleaved subframes reserved for discovery operation. Figure 1 shows the discovery resource pool.
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Figure 1: Periodic discovery resource allocation
It is agreed in 3GPP RAN2 #83Bis to support transmission and reception of discovery messages in RRC_IDLE and RRC_CONNECTED mode. So SIB message should be used for broadcast of the information of allocated radio resource pool for discovery. 

Proposal 1: SIB message is used for broadcast of the information of allocated radio resource pool for discovery.
TR 36.843 has following FFS:
	OPEN ISSUE 1: Editor’s note: The details of resource allocation (Type 1 or Type2; SIB or dedicated) are FFS.

OPEN ISSUE 2: Editor’s note: Detailed mechanism of how MAC layer determines radio resource for transmission is FFS.


In case of Type 1 Discovery UE selects radio resource from the discovery resource pool for discovery signal transmission once it is authorised to transmit D2D signal.
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Figure 2: Type 1 resource allocation 
Proposal 2: UE autonomously selects radio resources from SIB indicated D2D discovery resource pool for D2D signal transmission in case of Type 1.
One of the open questions in draft agenda for RAN2 #85 is to clarify how message flows in particular for Type 2. It is clear that it will be in the form of request response type of mechanism; where UE request for dedicated radio resource for discovery message transmission and in response eNB allocates dedicated resources within the discovery resource pool. 
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Figure 2: D2D Resource request and response message for Type 2

There are different possibilities depending on request / response is PHY, MAC or RRC layer messages. As it is assumed that discovery period (hence discovery message transmission) is in the order of several seconds. In case of semi static resource allocation for a UE i.e. Type 2B; there is not much gain in changing the allocated resources in the resource pool. Considering the large time scale of D2D discovery it is not necessary to perform request and response at PHY or MAC layer. RRC is most suitable for the request /response message for large time scale messages. Resource response message can be new message or it can be RRCConnectionReconfiguration message. D2D Discovery message transmission has different characteristics compared to VOIP where semi persistent scheduling is also used similar to Type 2B. PDCCH is used to activate / deactivate the usage of semi-persistent scheduled resources for VOIP because talk burst are very dynamic in nature. In case D2D discovery such dynamic nature is not expected hence activation/deactivation of radio resources (configured by RRC) using PDCCH is not required.
Proposal 3: In case of Type 2 D2D discovery resource request/response for D2D signal transmission is used as RRC message.
Proposal 4: In case of Type 2B activation/deactivation of radio resources (configured by RRC) using PDCCH is NOT required.

As discussed earlier that Type 1 is efficient in terms of resource and power consumption point of view. It also works for all scenarios (IDLE/CONNECTED, In-coverage/Out of Coverage) Hence Type 1 is a baseline solution. However Type 2B has some benefits in certain scenarios and it should lso be supported.

Proposal 5: Type 1 is baseline solution. Type 2B has benefits in certain scenarios and also supported.
In case Type 1 and Type 2B are simultaneously supported in a NW then discovery resource pool can be devided in common (Type 1) and dedicated (Type 2B) and informed through SIB message. D2D Signal receiver UE monitors both type 1 and Type 2B resources as indicated in SIB message.
Proposal 6: Discovery resource pool can be divided for Type 1 and Type 2B resource pool. Receiver UEs monitors both Type 1 and Type 2B discovery resources as indicated in SIB

Proposal 7: RRC informs the discovery resource pool to MAC. RRC also informs allocated Type 2B resource to MAC.

	OPEN ISSUE 3: Inter-cell Discovery


One issue that needs to be addressed when performing such allocation is of inter-cell discovery. This issue needs to be analysed for Synchronous and Asynchronous deployments separately. 

Synchronous deployment

In this case there are two options:

Option 1: Discovery resources are common across deployment [2]. This enables inter-cell discovery in a power efficient manner, a UE needs to wake up during a single period and can perform both inter-cell and intra-cell discovery simultaneously [3]. Furthermore this enables better discovery performance because UEs can pick discovery resources from potentially a larger pool. 
Option 2: Discovery resources are different in different cells [3]. This option provides flexibility at NW side. For example it allows more resources to be configured for discovery in a cell containing high number of UEs.  Of course this comes at the cost of battery power consumption at UE. 

We think both options should be supported and operator can select one of them based on their preference. This can be indicated using the SIB message used for resource allocation. SIB can also contain the information of proximal cell’s discovery resources. 

Proposal 8: In case of synchronous deployment overlapping and non-overlapping discovery resources in proximal cells should be supported.
Asynchronous deployment

In case of asynchronous deployment since OFDM symbol level alignment is not available so overlapping discovery radio resources cannot be used for inter-cell discovery. In an asynchronous deployment where cells are asynchronous with each other the allocation can be done on a per cell basis. For inter-cell discovery a UE needs to know the timing and allocation of discovery sub-frames of proximal cells. eNB can also broadcast the allocation of proximal cells along with rough time gap in (in addition to its own allocation) using the SIB mechanism. The rough time gap can be in terms of sub-frame or radio frames. A UE then knows when to wake up to receive discovery signals from UEs associated with proximal cell. To minimize power consumption, waking up multiple times can be reduced by keeping the time difference between any two consecutive allocations small, potentially less than one sub-frame. 

Proposal 9: In case of asynchronous deployment it is better that discovery radio resources are non-overlapping with proximal cells.
Proposal 10: Cell broadcasts the allocation of discovery resources of neighbouring cells along with its own allocation in SIB message for both synchronous and asynchronous deployment.

	OPEN ISSUE 4: Editor’s note: It is to be verified with SA2 that IP layer is not used for discovery.


RAN2 sent an LS to SA2 to confirm that IP layer is not used for discovery. SA2 in 3gpp SA2#101 has responded in an LS [4] and confirms that IP layer is not used for discovery.

Observation1: SA2 has confirmed in [4] that IP layer is not used for discovery.

TR 36.843 has following FFS:
	OPEN ISSUE 5: Editor’s note: It is FFS whether MAC layer adds any header to the discovery information or not.


In RAN2 #84 we made following agreements:

	· MAC header for discovery does not comprise any fields based on which filtering on L2 could be performed. 

· The MAC receiver forwards all received discovery messages to upper layers. 

· MAC will deliver only correctly received messages to upper layers. 


LCID is as well not needed because discovery resources are used only for discovery message and also different priorities are not expected for discovery message. We can discuss about any other required field based on LS response from SA2 and SA3 for RAN2 LS [5] in WI phase.
Proposal 11: MAC layer does not add LCID in MAC sub-header.
In draft agenda for RAN2#85 it is mentioned

	OPEN ISSUE 6: Can a UE receive D2D discovery (on the UL carrier) and LTE Uu (on the DL carrier) in the same subframe?


In FDD there is separation between UL and DL. Usually RX chain is designed to tune to appropriate bandwidth and it can not tune to very large bandwidth covering both DL, UL and the separation between them. Hence considering one RX chain UE cannot receive D2D discovery signal on the UL carrier and LTE Uu on the DL carrier simultaneously in a subframe.
Observation 2: Considering one RX chain UE cannot receive D2D discovery signal on the UL carrier and LTE Uu on the DL carrier simultaneously in a subframe.
4
Conclusion 

In this contribution Open issue of D2D discovery are discussed. We propose:
Proposal 1: SIB message is used for broadcast of the information of allocated radio resource pool for discovery.
Proposal 2: UE autonomously selects radio resources from SIB indicated D2D discovery resource pool for D2D signal transmission in case of Type 1.
Proposal 3: In case of Type 2 D2D discovery resource request/response for D2D signal transmission is used as RRC message.
Proposal 4: In case of Type 2B activation/deactivation of radio resources (configured by RRC) using PDCCH is NOT required.
Proposal 5: Type 1 is baseline solution. Type 2B has benefits in certain scenarios and also supported.
Proposal 6: Discovery resource pool can be divided for Type 1 and Type 2B resource pool. Receiver UEs monitors both Type 1 and Type 2B discovery resources as indicated in SIB

Proposal 7: RRC informs the discovery resource pool to MAC. RRC also informs allocated Type 2B resource to MAC.
Proposal 8: In case of synchronous deployment overlapping and non-overlapping discovery resources in proximal cells should be supported.
Proposal 9: In case of asynchronous deployment it is better that discovery radio resources are non-overlapping with proximal cells.
Proposal 10: Cell broadcasts the allocation of discovery resources of neighbouring cells along with its own allocation in SIB message for both synchronous and asynchronous deployment.

Proposal 11: MAC layer does not add LCID in MAC sub-header.
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