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1 Introduction

At the last RAN1 and RAN2 meetings (RAN1#76, RAN2#85) good progress was made on resource allocation for ProSe discovery. In particular, the following agreements were reached by RAN2 [1]:

	Agreements
For in-coverage discovery…

1
the eNB may provide in SIB …


a) a radio resource pool for discovery reception of Type 2B 


b) a radio resource pool for discovery transmission and reception in case of Type 1 


(FFS for inter-cell discovery)

2
In case of Type 1, a UE autonomously selects radio resources from that indicated transmissions resource pool for discovery signal transmission.

2a
As baseline we assume that NAS will handle authorization of D2D discovery transmission and reception. FFS whether there is also a need to disallow selected UEs to use Type 1 transmission resources on AS level (e.g. to avoid out of band emission problems).

3
In case of Type 2B, only an RRC Connected UE may request resources for transmission of D2D discovery messages from the eNB via RRC and the eNB assigns these resource via RRC. 

As baseline, UE releases the transmission resources the latest when the UE enters IDLE or when the eNB withdraws the resource by RRC signalling. 

4
In case of Type 2B as baseline radio resource are allocated by RRC. Use of activation/deactivation of radio resources using PDCCH is FFS.

6
Receiving UEs monitor both Type 1 and Type 2B discovery resources as authorized 

7
In the UE, the RRC protocol informs the discovery resource pool to MAC. RRC also informs allocated Type 2B resource to MAC.

11
There is no need for a MAC header.

12
We assume that D2D discovery is on a different transport channel than D2D communication




In previous contributions we have compared the pros and cons for different discovery resource allocation types [2]. It is clear that in order to make valid comparisons, it is necessary to first agree on the procedures and messages involved in the discovery process for each of these discovery types. Different assumptions on such procedures and message flows, could lead to vastly different conclusions in terms of discovery power consumption, air interface resource consumption, discovery latency, etc.  
In reference [3], among other considerations for discovery, we also discussed at a high level, the message flows for each of these 3 discovery resource types, In this contribution, we provide more details on these procedures, and discuss potential opportunities to optimize discovery resources whenever possible.

2 Discovery Resources
Figure 1 taken from [2] depicts one example of discovery resource allocation. Certain uplink subframes designated as discovery subframes, are reserved for the transmission of discovery messages. The discovery subframes, which are highlighted in the figure, are organized into repeating patterns. The repetition period, designated as a discovery cycle, constitutes the minimum time between consecutive transmissions of discovery signal by a single UE. Each UE selects (Type 1) or is assigned (Type 2) a set of discovery time frequency resources DTFRs within the discovery subframe pattern to transmit its discovery message(s). For example, in Figure 1, the DTFRs used by UE1 are indicated by the color red, DTFRs of UE 2 are indicated by the color blue, UE3 by green, and UE4 by yellow. 
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Figure 1. A periodic pattern of discovery subframes over a discovery cycle

From one discovery cycle to the next, the DTFR of each UE may hop in: time (discovery sub-frame within the discovery cycle), frequency, and power [4].  Furthermore, the discovery subframes within 1 discovery cycle may be partitioned, with each user selecting or being assigned DTRFs within a specific partition [4]. Discovery subframe partitioning is illustrated in Figure 2. Here the subframes forming partition 1 are highlighted in blue, the subframes of partition 2 are highlighted in red, and the subframes of partition 3 are highlighted in green. Note that in Figure 2, the DTFR of UE1 (red) and UE2 (blue) are from partition 2, and the DTFR of UE3 (green) and UE4 are from partition 3.
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Figure 2. Partition of discovery resources within a discovery cycle
Thus a UE’s discovery resource can be characterized by a set of parameters common to all UEs served by the cell, and others parameters which are specific to a particular UE. Cell level discovery parameters may include: discovery cycle, discovery subframes within a cycle, and partitions of the discovery subframes. Whereas UE specific parameters include: assigned DTFR index, partition index, and perhaps parameters needed to calculate hopping patterns, etc.
Observation 1: Discovery resources are characterized by both cell level parameters (discovery cycle, discovery subframes, and discovery partitions), and UE specific parameters (DTFR index, time/frequency/power hopping parameters).
3 Procedures for discovery resource allocation
Regardless of the type of discovery resource allocation, as explained in the previous section, an announcing UE transmits in specific DTFR based on a set of parameters communicated from the network. There may be several methods to communicate these parameters to the UE:
a. Broadcast to all UEs served by an eNB in a SIB

b. Unicast to a specific UE via dedicated signaling (RRC or NAS)

c. PHY layer control signals (PDCCH)

Since cell level discovery parameters are not UE specific, and these parameters may change from one cell to another, it is most efficient to use a SIB to broadcast such parameters to all UE served by the cell. On the other hand UE specific parameters such as partition or hopping sequence parameters are more suited to dedicated signaling. For example, hopping sequence parameters may be assigned to the UE during the activation of the ProSe discovery feature [5], or may be calculated by the UE from ProSe identifiers such as the ProSe UE ID. It may be desirable to assign/re-assign some parameters dynamically (e.g. DTFR index) in which case PHY layer control may be the most efficient method.
Proposal 1: ProSe-discovery-resource cell specific parameters should be broadcast to all UEs served by the cell as SIB information. ProSe-discovery- resource UE specific parameters should be communicated to the UEs using unicast messaging or PHY layer control signals.
The following sections elaborate in more details the message flows for each discovery resource type.
3.1 Type 1 discovery procedure

In type 1 discovery resource allocation, the eNB allocates a pool of discovery subframes to be shared by all UEs, or partitions the resources among groups of UEs. As discussed above, the eNB can signal the pool of discovery subframes to all UEs within its coverage using a dedicated system information block SIB (Type 1 ProSe SIB). It is important that the encoding of the Type 1 discovery resources be done efficiently, so as to minimize the overhead of this new SIB. 

Figure 3 illustrates the message flow for Type 1 discovery resource allocation. Upon entering a new cell (e.g. handoff or cell reselection) a ProSe enabled UE must first read the ProSe SIB, and extract a set of relevant parameters, before transmitting or receiving any discovery messages. Therefore, for Type 1 discovery resource allocation, an announcing UE must suspend announcing after a handoff or cell reselection, until the discovery parameters have been extracted from the Type 1 ProSe SIB (step 3A).
Observation 2: For Type 1 discovery resource allocation, an announcing UE must suspend announcing after a handoff or cell reselection, until the discovery parameters have been extracted from the SIB.
Proposal 2: RAN 2 should evaluate the impact of mobility on Type 1 discovery resource allocation.
Once the SIB has been decoded (step 4A), an announcing UE calculates in which DTFR in a discovery cycle it should transmit its discovery message, and resumes discovery signal announcements (step 5A). As the DTFR is not assigned by the network, it is highly likely that collisions may occur (2 UEs select to transmit in the same DTFR). RAN1 is studying the performance impacts of discovery message collisions in Type 1 resource allocation. 
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Figure 3. Message flow for Type 1 ProSe discovery 
Note that for open discovery, a monitoring UE can not predict which DTFR might contain a discovery message transmitted by another UE. Therefore, with Type 1 resource allocation a monitoring UE should attempt to decode all DTFRs, regardless of whether there is any announcing UE transmitting in that resource (Figure 3). This can have a significant impact on of the monitoring UE’s power consumption [5].

Observation 3: With Type 1 discovery resource allocation, a monitoring UE attempt to decode all DTFRs, regardless of whether there is any announcing UE transmitting in that resource.
3.2 Type 2 discovery resource allocation
In Type 2 discovery, the specific DTFR resources used by the announcing UE are assigned by the network. For Type 2a, the announcing UE is allocated a discovery resource, which may consist of a sequence of DTFRs to transmit, and for a specific time interval. While for Type 2b, a periodic resource is assigned to the UE indefinitely. The advantages of type 2 discovery resource allocation include better interference management (protection from discovery signal collisions), and reduction in UE power consumption.

Unlike Type 1 discovery, with Type 2 discovery, a monitoring UE does not need to decode all discovery resources. This is because the network can signal to the UE which DTFRs have been assigned in each serving cell, and hence the monitoring UE does not need to decode unoccupied (unassigned) discovery resources. Furthermore, since the network assigns discovery resources, the allocation of these resources can be optimized so as to minimize the number of discovery subframes a monitoring UE needs to decode. This can be achieved by efficiently packing assigned DTFRs in discovery subframes. 
Observation 4: For Type 2 discovery a monitoring UE can save power by not trying to decode unassigned DTFRs. The network can optimize the allocation of discovery resources so as to minimize the power consumption of monitoring UEs.
Of course, informing monitoring UEs of assigned discovery resources comes at the cost of additional signaling. There is more than one method that can be used to signal assigned discovery resources to monitoring UEs:
a) For open discovery, all monitoring UEs should be informed of DTFRs assigned to an announcing UE. In this case, an efficient solution is to broadcast a list of assigned discovery resources in each cell (e.g. using an appropriate SIB message (Type2 ProSe SIB) or another broadcast mechanism).

b) For restricted discovery, it may be advantageous to only inform the announcing UE’s buddy list of the discovery resource assigned to this UE. Here dedicated signaling to each UE on the buddy list can be used.
Figure 4 illustrates approach a. (open discovery). Some time after registering for ProSe Discovery announcement, UE A decides to start announcing its discovery message. This may be triggered by some action of the end user, such as activating a ProSe-enabled application, or some other action. 
Step 1A: UE A connects to the network and sends a Discovery Announcing Request (NAS). 
Step 2A: The EPC (e.g. ProSe Function A) responds with a Discovery Announcing Response (NAS). The network also request from the serving eNB to assign a Type 2 discovery resource to UE A with a Type2 Resource Allocation Request message (S1). This message includes a timer for this resource allocation (Type2 Timer).

Note that for Type 2b, the value of Type2 Timer may take a special value indicating indefinite allocation.

Step 3A: The serving eNB assigns a set of DTFR resources (DTFR_Index = k) to UE A via a Type2 Resource Assignment message (RRC). This message includes the assignment timer. Also, the Discovery Announcing Response message (NAS) is passed transparently to UE A.

Step 4A: The eNB updates the Type2 ProSe SIB to indicate that DTFR_Index k has been assigned. The eNB also starts a timer for this assignment.

Step 5A: The eNB broadcasts the updated Type2 ProSe SIB with Index k = 1.

Step 6A: Independently, the eNB sends a Type2 Resource Allocation response to the EPC, acknowledging the Type2 Resource Allocation Response.

Step 7A: UE A starts to announce its Discovery Message on the assigned DTFR resource. It continues to announce on the assigned discovery resources, until the assignment timer expires.

Step 8B: At some time a monitoring UE (UE B) enters to the coverage of eNB 1 due to a handover or cell reselection. Of course, this could have taken place even before UE A started announcing.

Step 9B: UE B reads the Type2 SIB, and extracts the set of assigned indices for Type 2 discovery resources.

Step 10B: Having recognized that the DTFR with index k is assigned for open discovery, UE B monitors the appropriate DTFR and decodes UE A’s discovery message.

Step 11B: UE B recognizes that UE A is of interest, and completes the discovery process (e.g. through discovery reporting/validation in Step 12B)

Step 13A: For Type 2a, at some point, the allocation time (Type2 timer) will expire. This triggers the eNB to update the Type2 ProSe SIB to indicate that DTFR_Index k is no longer assigned (Index k = 0). Concurrently, the allocation timer expires on UE A, and UE A stops announcing its discovery signal.
Step 15A: Finally, the eNB may send a Type2 Resource Allocation Update (S1) to the EPC, indicating that the discovery resource for UE A has been released.
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Figure 4. Message flow for Type 2 ProSe - open discovery 
Figure 5 illustrates approach b. (restricted discovery). The solution is very similar to approach a. but here the serving eNB reports the allocated discovery resource (DTFR_Index = k) to the announcing UE’s ProSe Function (step 4A). ProSe Function A then communicates the serving eNB, discovery resource index, and duration of the discovery resource allocation (Type2 Timer) to UE A’s buddy list (steps 5A & 6B). 

At some point, before the expiry of allocation timer, UE B enters the coverage of eNB 1, and starts to monitor for announcements on the resource with DTFR_Index = k. At this point proximity discovery may occur (steps 9B – 11B). Finally, if the discovery resource allocation timer (Type2 Timer) expires (step 12), not only the announcing UE (UE A) but also the monitoring UE (UE B) stop ProSe discovery. In addition, the eNB serving the announcing UE (eNB 1) releases the reserved discovery resources.
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Figure 5. Message flow for Type 2 ProSe - restricted discovery 

It is perhaps useful to observe that approach a. can also work for restricted, as well as open discovery. However, approach b. may be more energy efficient for restricted discovery. In particular, if approach a. is used for both open and restricted discovery, a monitoring UE would have to monitor and decode all discovery resources indicated as assigned by the ProSe SIB. Therefore, with approach a. a monitoring UE expends more energy decoding all Type2 discovery messages, both open and restricted. However, this increased energy consumption needs to be balanced against the increased signaling associated with approach b.
Observation 5: Approach a. is suitable for both open and restricted ProSe discovery.

Observation 6: Approach b. is more energy efficient than approach a. for restricted discovery, but this is at the expense of more signaling for approach b. 
Proposal 3: RAN 2 should evaluate approach a. and approach b. for Type 2 restricted discovery.
3.3 Type 2a discovery using UL reference signals
As discussed in [3] another option for Type 2a discovery, may not involve detection of the discovery signal by the monitoring UE. Rather a monitoring UE may be instructed by the network to discover another UE by measuring an uplink physical layer reference signal. Examples of such reference signals include SRS and DMRS. Figure 6 illustrates the message flow for Type 2a discovery based on uplink reference, instead of a dedicated discovery message.

There are several specific use cases for which such a discovery method is uniquely suited, and that may not be fulfilled by Type 1 or Type 2b resource allocation methods. These include:

a. Efficient discovery of a proximate UE that is already engaged in communication through the network (RRC_Connected state). Such a discovery may be used as a trigger to setup direct communication between the two UEs.
b. Ongoing measurement of the proximity of UEs in a communication group. It may be critical for public safety UEs engaged in D2D communication to sense when direct communication with some members of the group is no longer possible, in order to trigger the selection of a different communication path and/or provide an indication to the end user.

c. As UEs scheduled for UL communication on PUSCH may cause interference to receiving D2D UEs in their proximity. Discovery and measurement of these proximate “cellular” UEs is essential for effective interference management and the allocation of communication resources for D2D. Note that in this use case, the aggressor UE may not be ProSe enabled (or even ProSe capable). Therefore, it is essential to support a discovery method based on legacy uplink reference signals.
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Figure 6. Message flow for Type 2a ProSe discovery using UL reference signals
Note that reusing the uplink reference signals for D2D discovery can be very efficient in both resources and power. It is clear that this approach need not involve any additional signaling overhead, power, or air interface resources for a UE that is already in connected mode, and transmitting on the UL. Therefore, in many scenarios reusing uplink reference signals for discovery can be more efficient than announcing a dedicated discovery message. 

Observation 7: Reusing uplink reference signals for discovery can be more efficient than announcing a dedicated discovery message, in many scenarios. 
Proposal 4: Type 2a should support discovery based on UL reference signals, as well as dedicated discovery messages.
4 Conclusion

In this paper we studied the message flows and detailed procedures for Type 1 and Type 2 ProSe Discovery resource allocation.

We have the following observations and proposals:

Observation 1: Discovery resources are characterized by both cell level parameters (discovery cycle, discovery subframes, and discovery partitions), and UE specific parameters (DTFR index, time/frequency/power hopping parameters).
Observation 2: For Type 1 discovery resource allocation, an announcing UE must suspend announcing after a handoff or cell reselection, until the discovery parameters have been extracted from the SIB.

Observation 3: With Type 1 discovery resource allocation, a monitoring UE attempt to decode all DTFRs, regardless of whether there is any announcing UE transmitting in that resource.
Observation 4: For Type 2 discovery a monitoring UE can save power by not trying to decode unassigned DTFRs. The network can optimize the allocation of discovery resources so as to minimize the power consumption of monitoring UEs.
Observation 5: Approach a. is suitable for both open and restricted ProSe discovery.

Observation 6: Approach b. is more energy efficient than approach a. for restricted discovery, but this is at the expense of more signaling for approach b. 

Observation 7: Reusing uplink reference signals for discovery can be more efficient than announcing a dedicated discovery message, in many scenarios. 
Proposal 1: ProSe discovery resource cell specific parameters should be broadcast to all UEs served by the cell as SIB information. ProSe discovery resource UE specific parameters should be communicated to the UEs using unicast messaging or PHY layer control signals.

Proposal 2: RAN 2 should evaluate the impact of mobility on Type 1 discovery resource allocation.
Proposal 3: RAN 2 should evaluate approach a. and approach b. for Type 2 restricted discovery.

Proposal 4: Type 2a should support discovery based on UL reference signals, as well as dedicated discovery messages.
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