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1. Introduction
In RAN2#84[1] the following questions are raised:
· Compare resource allocation (type1 vs. type2a/b). How would they work (flow charts, …). Clarify message/data flows in particular for type2.
And in [2] section 5 the assumptions of device discovery are indicated as follows:
· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL sub-frames of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL sub-frames in the case of TDD can be studied further

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier

In this paper we discuss the issue of applying half-duplex mode with discovery Type 1 and Type 2.

2. Discussion on Half-Duplex Mode Device Discovery
Considering the nature of half-duplex mode that no signal transmitting and receiving at the same time, a monitor UE may receive discovery signal only if when another UE is transmitting.  Therefore the resource scheduling for the discovery signal transmitting UE and receiving UE should be aligned properly.
Observation 1:  The resource scheduling for the discovery signal transmitting UE and receiving UE should be aligned properly.
2.1
Discussion on Type 1 Resource Allocation
In this section we discuss the issues in half-duplex mode device discovery with Type 1 resource allocation.  
Figure 1 shows an example of Type 1 discovery resource allocation.  After the ProSe registration/authentication procedure the UE can extract the discovery resource pool information from SIB (details are FFS.)  Since the discovery resource are allocated on a non UE specific basis, the discovery signal transmitting UE need to access the resource pool in contention-based manner to broadcast its discovery signal.  And the discovery signal receiving UEs need to keep monitoring all signals during the resource pool period.
Observation 2:  The discovery signal receiving UEs need to keep monitoring all signals during the resource pool period in Type 1 discovery.

Consider half-duplex mode nature it is straight forward that to keep a UE in signal transmitting or receiving within the resource pool period.  The CSMA (Carrier sense multiple access), which is based on “sense before transmit” principle, is a popular resource contention scheme that may be used in Type 1 resource allocation.  In such a case the design of resource period and sense period which may impact the discovery latency directly are FFS.  Moreover, since all UEs access the discovery resource in contention-based manner, it is necessary to enhance the resource contention success rate for ensuring the resource utilization efficiency.
Observation 3:  The impacts of resource period and sense period design in contention-based resource access scheme to the discovery latency are FFS.
Observation 4:  It is necessary to enhance the resource contention success rate for ensuring the resource utilization efficiency.
On the other hand, the resource utilization situation become complicated if a UE can behave as a discovery signal transmitting role and receiving role during the same resource pool period.  One of the solutions to fulfil this scenario is to provide the UE with multiple discovery signal transmitting and receiving chance within a resource pool period.  For example, the resource pool is divided into multiple resources slots (such as time domain, frequency domain or time-frequency domain) first.  Then a UE can use multiple resource slots each provide a chance to deliver its discovery signal and remain other discovery signal monitoring in unused resource slots.    In such a case the issues of device transition time between signal transmitting and receiving should be FFS.
Observation 5: The issues of device transition time between signal transmitting and receiving should be considered if a UE can use multiple discovery resource slots in a resource pool period.
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Figure 1
Example of Type 1 discovery resource allocation
2.2
Discussion on Type 2 Resource Allocation
In this section we discuss the issues in half-duplex mode device discovery with Type 2 resource allocation.  Two resource allocation indication examples are provided:  (1) Accompany with authorization complete indication signalling and (2) Through per discovery request.
2.2.1 Accompany with authorization complete indication signalling 
Figure 2 shows an example of Type 2 discovery resource allocation accompany with authorization complete indication signalling.   Since all ProSe-enable UE need to be authorized before using ProSe, the allocated resource information can then be delivered to UE accompany with the authorization complete indication signalling.  In this example a dedicated discovery resource indication is sent and the UE can transmit it discovery signal.  However, the scalability of resource utilization may be an issue of this scenario.  For example, the discovery resource indication is provided once only even if the resource allocation is in Semi-Persistent Scheduling (SPS) manner.  
Consider the discovery signal transmitting UE and receiving UE alignment due to half-duplex nature, additional efforts may be required if discovery resource allocation changed for both discovery signal transmitting and receiving UE.  It means that addition signalling overhead may be introduced whenever discovery signal transmission period changed in such a case.
Observation 6: The scalability of resource allocation may be an issue in per UE resource allocation accompany with authorization complete signalling.
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Figure 2
Example of Type 2 discovery resource allocation
2.2.2 Through Per Discovery Request
Figure 3 shows an example of Type 2 discovery resource allocation through per discovery request.  In this case a UE asks eNB for discovery resource before performing discovery.  A benefit of this scenario is that the NW side can control the ProSe discovery procedure tightly, such as number of discovery signal transmitting UEs, discovery latency or resource utilization monitoring etc.  However the discovery resource sharing strategy, such as whether two wide-distance separated UEs may use the same radio resource or not, should be further evaluated in the NW side.  
To avoid frequently RRC state transition the discovery signal transmitting UE may need to stay in RRC_CONNECTED state.  On the other hand, consider the discovery signal transmitting UE and receiving UE alignment, the discovery signals monitoring UE also need to be aware of the changing of discovery signal transmission period.
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Figure 3
Example of Type 2 discovery resource allocation though per request manner

Observation 7:  The per request discovery resource allocation may provide NW controllability such as the number of discovery signal transmitting UEs, discovery latency or resource utilization monitoring etc.
Observation 8:  The NW side may need to consider resource sharing strategy in the NW controlled non-contention-based resource allocation scheme.
Figure 4 shows another example of Type 2 discovery resource allocation through per discovery request.  Different from the figure 3 the discovery resource may be shared by multiple UEs, such as per group based.  For example, group UE by ProSe type provided and the signal receiving UEs may know which resource period to monitor.  The decision of grouping may be pre-configured in UE side or controlled by NW side.  That is, partial of the resource sharing effort are off-loaded to the UE side considering contention-based manner and NW may still maintain some controllability.  The resource contention success rate and discovery latency may be controlled by the NW through UE grouping.  However, additional effort may be required to make the receiving UEs aware of the resource period to monitor. 
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Figure 4
Another example of Type 2 discovery resource allocation though per request manner
Observation 9: Contention-based resource access scheme can be applied in Type 2 discovery with UE grouping concept.
Observation 10:  The discovery signal monitoring UE may need to be notified if the discovery signal transmission period changed in Type 2 discovery due to half-duplex mode nature.
From the observations above we proposed that
Proposal 1:  It is proposed to consider discovery latency in designing contention-based resource allocation scheme.

Proposal 2:  It is proposed to enhance resource contention success rate for increasing resource utilization efficiency.
Proposal 3:  The NW side should consider resource sharing strategy for better resource utilization in the NW controlled non-contention-based resource allocation scheme.
Proposal 4:  The effort of notifying discovery signal receiving UE about which resource area to be monitored in Type 2 discovery should be FFS.
3. Conclusion and Proposals
In the above sections we discuss the issue of applying half-duplex mode with discovery Type 1 and Type 2.  Based on the discussion our observations are shown as follows:
Observation 1:  The resource scheduling for the discovery signal transmitting UE and receiving UE should be aligned properly.
Observation 2:  The discovery signal receiving UEs need to keep monitoring all signals during the resource pool period in Type 1 discovery.

Observation 3:  The impacts of resource period and sense period design in contention-based resource access scheme to the discovery latency are FFS.

Observation 4:  It is necessary to enhance the resource contention success rate for ensuring the resource utilization efficiency.

Observation 5: The issues of device transition time between signal transmitting and receiving should be considered if a UE can use multiple discovery resource slots in a resource pool period.
Observation 6: The scalability of resource allocation may be an issue in per UE resource allocation accompany with authorization complete signalling.
Observation 7:  The per request discovery resource allocation may provide NW controllability such as the number of discovery signal transmitting UEs, discovery latency or resource utilization monitoring etc.

Observation 8:  The NW side may need to consider resource sharing strategy in the NW controlled non-contention-based resource allocation scheme.

Observation 9: Contention-based resource access scheme can be applied in Type 2 discovery with UE grouping concept.
Observation 10:  The discovery signal monitoring UE may need to be notified if the discovery signal transmission period changed in Type 2 discovery due to half-duplex mode nature.
Based on the observations and discussions above we propose
Proposal 1:  It is proposed to consider discovery latency in designing contention-based resource allocation scheme.

Proposal 2:  It is proposed to enhance resource contention success rate for increasing resource utilization efficiency.
Proposal 3:  The NW side should consider resource sharing strategy for better resource utilization in the NW controlled non-contention-based resource allocation scheme.

Proposal 4:  The effort of notifying discovery signal receiving UE about which resource area to be monitored in Type 2 discovery should be FFS.
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6. Appendix
I. Description about resource allocation in device discovery in [2]
At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study):

· 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
· 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
Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions.
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