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1 Introduction
Resource allocation for D2D discovery was intensely discussed at RAN2#83bis meeting. However, the detailed discovery resource allocation is still an open issue. In this contribution, we first compare the candidate discovery resource allocation options and then example data flows are presented.  
2 Discussion
Resource allocation scheme
According to the agreements in RAN1#73 meeting [1], two types of discovery procedure called Type 1 and Type 2 are defined based on different radio resource allocation schemes.
	1) Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

2) 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


In general, there are two categories of schemes for dynamically sharing a transmission medium. The first one is random access scheme which origins from the ALOHA scheme with a contention-based nature. The other one is a scheduling scheme with medium resource reserved by a scheduler before transmissions. Type 1 refers to a random access scheme while Type 2 refers to a scheduling scheme. 

Regarding the radio resource efficiency between Type 1 and Type 2, RAN1 has discussed this intensely. As presented in R1-134309, it is observed that in the case of no resource limitation, the performance of the two discovery types looks similar. However, when resources are limited, Type 2 discovery outperforms Type 1. From RAN2 point of view, Type 2 seems to consume more resource compared to Type 1, especially if Type 2A is considered (where resources are allocated for each specific transmission). However, Type 2 is more flexible in that it scales well with the number of D2D discovery UEs and may adjust the resource allocation dynamically. Compared with Type 2, the resources for Type 1 are either preconfigured or semi-configured by the network via e.g. SIB. Suppose the population of D2D-enabled UEs is relatively small, the pre-configured or semi-configured resources for D2D discovery may not be fully utilized. In the following, some further qualitative aspects of the two different resource allocation schemes are evaluated and compared.
In general, scheduling schemes provide orderly access to the medium, whereas random access schemes provide a somewhat chaotic, uncoordinated, and unordered access. Due to the potential collisions, the random access scheme may lead to long delay and it is hard to guarantee the quality of service. Compared to random access schemes, scheduling schemes are more suitable for services with stringent delay requirements. It seems safe to say that Type 2, when well designed, has more margins than Type 1 to meet time delay requirements.
Observation 1: Type 2 mechanism, when well designed, allows to meet time delay requirements better than Type 1 mechanism.

According to TR22.803 [3], D2D discovery shall support not only in-coverage but also out-of-coverage and partial coverage scenario. For Type 1 mechanism it is possible to share the common D2D discovery resources in various coverage scenarios and compete for these resources in a contention based way. The impact to LTE standard is mainly due to some minor enhancements to SIB messages. However, this is not the same for the Type 2. To support the inter-cell D2D discovery, the negotiation between eNB is necessary and should be designed. Moreover, for out-of-coverage and partial coverage scenarios, a central control entity (CCE) should be selected and the interaction between UE and CCE should be considered in order to support the Type 2 mechanism. In this sense, Type 1 mechanism could be more easily applied to various coverage scenarios than Type 2 does. 
Observation 2: For D2D discovery, Type 1 mechanism could be more easily applied to various coverage scenarios than Type 2.
Another important requirement for D2D discovery is to support charging an authentication. It is desired to enable the per event based charging for the discovery procedure and per UE based discovery operation authorization. The corresponding descriptions of the charging and authentication requirement are listed in [3]: 
	[PR.16] Both the HPLMN and VPLMN operators shall be able to charge for ProSe Discovery features including:

-
The ability for a UE to be discoverable, including based on the range class;

-
The ability to discover other UEs, including based on the range class;

-
The event of discovering a UE, including based on the range class.

	 [PR.13] The operator shall be able to authorize discovery operations for each individual UE.


With the Type 1 mechanism, access to the discovery resource is more difficult to control, due to the contention. Hence, it is hard to collect the information about the discovery resource occupation and authorize the UE for each discovery operation and then fulfill the aforementioned authorization or charging requirements. While for Type 2 mechanism, given the fact that the resource is allocated per UE (Type 2B) or even per transaction (Type 2A), it seems easier to enable authorization or charging. 
Observation 3: For D2D discovery, charging and authentication on a transaction/UE basis are easier to support with Type 2 mechanism than Type 1.
In addition to meeting the requirement of Prose service, Type 2 mechanism may bring extra benefit. In general Type 1 mechanism is contention based and the performance in terms of access delay will be degraded during congestion periods. When a lot of Prose capable UEs perform access requests simultaneously, and contention increases, the quality of Prose services might suffer. To mitigate congestion and to improve system performance, network assistance in terms of scheduling control seems somehow necessary. This enhancement is especially desired in in-coverage scenarios. However, given the autonomous nature of Type 1 mechanism, network assistance cannot be applied. This creates a demand for Type 2 mechanism, where it’s easy for the network to assign extra discovery resources during congestion periods or assign resources based on UE profiles.

Observation 4: For D2D discovery, under in-coverage scenarios, Type 2 mechanism could enable network assistance functionalities.

Nonetheless, Type 2 mechanism requires the UE to be in RRC Connected state. This limitation may impact UE power saving and network resources. In some use case, e.g. public safety, it shouldn’t be necessary to move the UE into connected mode just for the discovery procedure. However, for other (non public safety) use cases where the UE might be required to enter connected mode for other purposes (such as authentication or charging), Type 2 mechanism could be safely adopted.

Based on all the observations above, Type 1 mechanism seems simpler and performs well in most cases. Therefore we propose Type 1 mechanism as the baseline mechanism for D2D discovery resource assignment. Type 2 mechanism allows better network assistance and control (including for charging and authentication). Therefore we propose to consider it as alternative mechanism for the in-coverage scenario.
Proposal 1: For D2D discovery, Type 1 should be the baseline resource assignment mechanism, while Type 2 should be an additional mechanism for the in-coverage scenario.
Data flow for resource allocation
In this section, we discuss the data flow for discovery resource allocation. And we focus on how to allocate discovery resources and how to inform the UEs about the resource allocation from the RAN2 perspective. 
The discovery resource allocation procedure of Type 1 for the in-coverage scenario is illustrated in Figure 1. In the in-coverage scenario, the eNB should obtain and maintain a cell specific common discovery resource pool (i.e. the common resource pool), as in step 1 in Figure 1. The common resource pool is shared by all the served UEs which leads to a contention based discovery procedure. Then the discovery resource allocation should be indicated to D2D UEs (including announcing UEs and monitoring UEs) via system information in step 2. For announcing UE, the cell specific common discovery resource pool shared by all served UEs can be obtained from the eNB. On the other hand, monitoring UEs should also have knowledge of where to listen to discovery beacons and cell-specific discovery beacon resource information can also be obtained from the system information. If the monitoring UE locates at cell edge, the UEs in proximity may be served by neighbouring cells. In this case, the monitoring UE may also need to obtain information about the neighbour cells’ cell specific discovery resource pools for monitoring. Therefore, the information about the cell specific discovery resource for monitoring broadcast by the eNB in Type 1 procedure shall contain discovery resource sets used not only in the serving cell but also in the neighbouring cells. In the out-of-coverage scenario, D2D UEs can be pre-configured with common discovery resource pool. Alternatively, the common resource pool used for D2D discovery can be obtained when the D2D UEs are under network coverage (and then used when the UE gets out of coverage).
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Figure 1. Resource allocation procedure for Type 1 mechanism.
The discovery resource allocation procedure of Type 2 for the in-coverage scenario is illustrated in Figure 2. While for the out-of-coverage scenario, a CCE (central control entity) can be elected among the D2D UEs and then perform the eNB role in the resource allocation function. In this way, the procedure shown in Figure 2 could be reused. There are three steps involved in the resource allocation procedure: resource allocation request, resource allocation and resource allocation indication, all described in details in the following.
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Figure 2. Resource allocation procedure for Type 2 mechanism.
Step 1. Resource allocation request, only for Type 2 procedure
Using the Type 2 resource allocation procedure, the announcing UE needs to request the discovery resource from the eNB (in the in-coverage scenario) before broadcasting the discovery beacon, which means that Type 2 procedure is only applicable for D2D UEs in CONNECTED state. Optionally, the announcing UE can provide more information to the eNB to help the resource allocation (e.g. the application ID/type, UE priority) to enable the application based or priority based resource allocation. Furthermore, more network control can be considered to achieve more efficient D2D discovery using the Type 2 procedure. For example, in case that the announcing UE is looking for a specific UE, a specific list/group of UEs, the announcing UE can inform the eNB of the target UE(s) via including the target identification or target group identification in the resource allocation request message, in order to support the eNB to inform the target UE(s) for the D2D discovery. 
Step 2. Resource allocation, needed for both Type 1 and Type 2 procedure
For Type 2 procedure, the eNB should maintain a dedicated discovery resource pool and perform the discovery resource allocation for D2D UEs upon receiving the resource allocation request. In Type 2 procedure, UE specific discovery resource is allocated by eNB for individual UEs and no contention based procedure is needed for announcing UEs. Optionally, if the application ID/type or UE priority is received from the requesting UE, the eNB can allocate the discovery resource based on the application or UE priority. Moreover, the eNB can maintain different discovery resource pool for different area regions (e.g. the center of the cell or the edge of the cell) for interference avoidance and more efficient resource utilization, since the resources allocated for the UEs in the center of the cell can be reused by neighboring cells while resources allocated for the UEs in the cell edge cannot overlap with the resources for the UEs in the edge of neighboring cells. Along with the resource allocation, other information including time period, subframe pattern or offset, and valid time duration should also be determined since periodical discovery beacon broadcasting may be involved to make sure the discovery beacon can be received by more D2D UEs in the vicinity. 
In the RAN2#83bis meeting [2], an agreement was achieved that transmission of discovery messages needs to be supported in IDLE mode and in CONNECTED mode. For D2D UEs in IDLE state, only Type 1 procedure can be used and non-UE specific resources (i.e. cell specific resource) are allocated. While for D2D UEs in CONNECTED state, UE specific resources can be allocated by the eNB in order to enable more network assistance and management under in-coverage scenario and to meet more stringent time requirement. In this situation, Type 1 and Type 2 may coexist and be supported for D2D UEs in different RRC states. Based on this observation, it is recommended that the UE specific discovery resource for Type 2 procedure be separated from the common resource pool for Type 1 procedure; otherwise contention may happen between the D2D UEs using Type 2 procedure and Type 1 procedure. 
Proposal 2. It is recommended that Type 1 procedure is used for IDLE state UEs while Type 2 procedure is applied for CONNECTED state UEs. 
Step 3. Resource allocation indication, needed for both Type 1 and Type 2 procedure
In Type 2 procedure, the allocated UE specific discovery resource should be indicated to the requesting UE, e.g. via dedicated RRC signalling. For the monitoring UE, the same as depicted in the Type 1 procedure, the cell specific common discovery resource pool shared by all served UEs can be obtained from the eNB. Furthermore, in case that Type 1 and Type 2 procedures are both supported for D2D discovery as analyzed above, the cell specific discovery resource for monitoring broadcasted by the eNB shall contain both set of discovery resource used in the serving cell and neighbouring cells, i.e. the dedicated resource pool and common resource pool.
As an optimization, UE specific resource for monitoring can be provided to the monitoring UE in order to achieve more efficient discovery and UE power saving, e.g. via dedicated RRC signalling. For example, the monitoring UE may be only interested to a specific list of UEs, so the information of discovery resources allocated to these interested UEs is only needed to be provided to the monitoring UE. On the other hand, in the targeted discovery scenario, the eNB is informed of the target UE(s) and then it can inform the target UE(s) to monitor the specific discovery resource over which the announcing UE shall transmit the discovery beacon. In the non-targeted discovery case, the eNB can inform the UEs in vicinity of the announcing UE to monitor the discovery resource assigned to the announcing UE. In order to reduce the signalling overhead for resource allocation in Type 2 procedure, the eNB can broadcast a mapping table of discovery resource and the corresponding resource index. And then, the eNB can only indicate the resource index of corresponding UE specific discovery resource to the announcing UE and monitoring UE if needed.
After the discovery allocation procedure, the announcing UEs or monitoring UEs can broadcast or monitor discovery beacons on the appropriate radio resource.  
Proposal 3. Consider the data flow described in section 2.2 for the discovery resource allocation procedure.
3 Conclusion
In this contribution, we compared the candidate discovery resource allocation options also presenting some example data flows. 
We made the following observations:
Observation 1: Type 2 mechanism, when well designed, allows to meet time delay requirements better than Type 1 mechanism.

Observation 2: For D2D discovery, Type 1 mechanism could be more easily applied to various coverage scenarios than Type 2.
Observation 3: For D2D discovery, charging and authentication on a transaction/UE basis are easier to support with Type 2 mechanism than Type 1.
Observation 4: For D2D discovery, under in-coverage scenarios, Type 2 mechanism could enable network assistance functionalities.

And we proposed:
Proposal 1: For D2D discovery, Type 1 should be the baseline resource assignment mechanism, while Type 2 should be an additional mechanism for the in-coverage scenario.

Proposal 2. It is recommended that Type 1 procedure is used for IDLE state UEs while Type 2 procedure is applied for CONNECTED state UEs. 
Proposal 3. Consider the data flow described in section 2.2 for the discovery resource allocation procedure.
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