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1. Introduction
In the last RAN2 meeting, the following agreements on D2D discovery RRC state were made, but the resource allocation mechanism for D2D discovery is still open:
	It is possible for UEs to receive D2D discovery message while being IDLE and CONNECTED.
…
Transmission of discovery messages should be supported in IDLE mode and in Connected mode. In both modes the UE needs to be allowed by the NW to transmit these messages. The NW needs to be in control of the resources and transmission mode (CONNECTED and/or IDLE) that the UEs may use to transmit Discovery signals. The details (Type 1 or Type2; SIB or dedicated) are FFS.
=>
Should discuss further whether we can conclude anything on resource efficiency of Type 1 vs. Type 2


This contribution gives some considerations on D2D discovery resource allocation.
2. Discussion
2.1. Common issues
In our understanding, there are two questions to be clarified by RAN2 before discussing on the resource allocations for D2D discovery.

1. Whether discovery signaling repeat windows or cycles corresponding to different applications can be different?
Discovery applications decide the start time and the ending time of the discovery sessions. When the AS layer of UE receives D2D discovery message from the upper layer, it will broadcast the message once within a window or cycle (T) and continuously repeat it in another window or cycle. The AS layer will stop broadcasting the D2D discovery signaling if indicated by the upper layer. However, different D2D discovery applications may be related to different purposes. Requirements of the corresponding D2D discovery sessions may be different. It is unsuitable to configure the same discovery signalling window or cycle (T) for different discovery applications. The window or cycle T can be passed from the upper layer to the AS layer within UE. Upper layer of UE may only provide QoS requirements for the D2D discovery session, and the AS layer decides the value of T.
Proposal 1:  The window or cycle (T), within which a UE broadcasts a D2D discovery message once and continuously repeats it in the next, can be different for different D2D discovery sessions.

2. Whether multiple D2D discovery sessions can be processed in parallel from RAN perspective?
Multiple D2D discovery sessions may be triggered by the different D2D discovery applications within a time period. Also, the AS layer of UE may receive multiple D2D discovery messages from the upper layer. There are two possible alternatives for the AS layer in such case:

Alt1: Only one D2D discovery session is accepted, other requests are rejected.

Alt2: Multiple D2D discovery sessions are processed in parallel, and the UE broadcasts each D2D discovery message repeatedly with the corresponding window or cycle T. Considering that T may be the same for different D2D discovery sessions, it is possible that UE broadcasts two different D2D discovery signals within T, even within a TTI.
Proposal 2: It is proposed to discuss whether UE can send multiple D2D discovery signals in parallel from RAN perspective.
2.2. Brief Flow Charts of Resource Allocation
The possible flow chart of resource allocation for Type1 is shown in Figure 1.
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Figure 1 Flow chart of Type1 resource allocation

In Figure 1, Announcing UE broadcasts a D2D discovery signaling once within every window T, which may be different for different D2D discovery sessions. In addition, if it is allowed to process multiple D2D discovery sessions in parallel, the UE may send multiple D2D discovery messages in a TTI.
For Type 2A, D2D discovery resources are allocated for each specific transmission instance of discovery signals. Figure 2a shows a possible flow chart of Type 2A resource allocation.
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Figure 2a Flow chart of Type2A resource allocation

Discovery resource request signaling may contain a window T, within which the Announcing UE broadcasts a D2D discovery signaling once and repeats it in next window. If the AS layer of UE supports processing multiple D2D discovery sessions in parallel, the resource request signaling may contain multiple resource allocation requests and multiple windows T. In this case, the UE needs to report the identities, e.g. LCID, to distinguish the different discovery sessions. Then the UE can obtain the resource allocation from the eNB for each discovery session based on the corresponding identity.
The UE needs to obtain discovery resource from the eNB before broadcasting each D2D discovery signaling. Therefore, Type2A is not suitable for idle UEs.
In Type 2B, resources are semi-persistently allocated for D2D discovery. A possible flow chart of Type 2B resource allocation is shown in the following figure.
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Figure 2b Flow chart of Type2B resource allocation

Similar as Type 2A, the contents, e.g. cycle T and identity, need to be included in Discovery Resource Request. Once allocated, the resources are valid for a while. The UE broadcasts D2D discovery signaling repeatedly using the semi-persistently allocated resources. When D2D discovery session is stopped by the upper layer, the UE may report to eNB to take the allocated resources back.
If Type 2B is applied to idle Announcing UEs, a valid timer for the allocated resources needs to be introduced, as otherwise the resources cannot be released and assigned to other UEs.The resource efficiency of such mechanism needs to be further studied.
2.3. Comparison of Resource Allocation Types
In [1], it was shown that Type 2 consumes more radio resources and battery power than Type 1. These resource allocation mechanisms can also be compared in the following aspects:
· Discovery Resource efficiency

For Type1, resource collisions are inevitable. In particular, the higher the number of D2D discovery UEs, the higher the rate of collisions, which will increase the D2D discovery delay and reduce the utilization rate of the discovery resources. In addition, optimal D2D discovery resource pool could not to be found because the eNB may not know the number of D2D discovery Announcing UEs. Furthermore, D2D discovery may share the common radio resources with general LTE communications. If too many resources are allocated for D2D discovery, the utilization rate of D2D discovery resources is low and the performance of general LTE communications is impacted.

For Type2, the network allocates the dedicated resources for each Announcing UE. This can reduce the rate of collision and interference. Furthermore, the network can reserve resource for D2D discovery so that the multiplexing of D2D discovery and normal cellular communications is efficient.
· Requirements of RRC state

Type1 could be applied to both RRC connected and idle UEs. As described in section 2.2, Type 2A is not suitable for idle UEs, and Type 2B may be applied to idle UEs with relatively lower resource efficiency.
· Signaling exchange between eNBs

Inter-cell D2D discovery is a common scenario. For Type 1, D2D discovery resource pool(s) may need to be exchanged between the eNBs if the resource pools may be different across the eNBs. For Type 2 more detailed information about discovery resource allocations may need to be exchanged between eNBs in order to avoid interference. However, if Type 2B is applied to idle UEs, accurate interference avoidance cannot be achieved. In this sence, Type 2B may require similar information exchange between the eNBs as Type 1.
The brief comparisons between the resource allocation types are shown in Table 1:

Table 1 Comparisons of resource allocation types
	
	Type 1
	Type 2A
	Type 2B

	Radio Resource consumption
	Lower (
	Higher (
	Higher (

	UE power consumption
	Lower (
	Higher (
	Higher (

	Discovery Resource Efficiency
	Lower(
	Higher (
	May be higher (

	Requirement of RRC State
	Can be applied to idle UE (
	Not suitable for idle UEs(
	May be applied to idle UEs (

	Signalling Exchanged between eNBs
	Less  (
	More (
	May be more  (


According to comparisons in Table 1, Type 1 is preferable in several aspects. On the other hand, for some use cases, e.g. the UE is a special terminal for advertisement broadcast, UE power consumption is not a limiting factor. Also, in some cases, the radio signaling overhead may not be a big issue if the number of D2D devices in the area is small. Type 2B seems to provide a good tradeoff between resource efficiency and signaling overhead.
Proposal 3: Resource allocation Type 1 is preferable in several aspects. Considering a variety of D2D discovery use cases, both Type 1 and 2B can be considered in LTE Rel-12.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1:  The window or cycle (T), within which a UE broadcasts a D2D discovery message once and continuously repeats it in the next, can be different for different D2D discovery sessions.
Proposal 2: It is proposed to discuss whether UE can send multiple D2D discovery signals in parallel from RAN perspective.
Proposal 3: Resource allocation Type 1 is preferable in several aspects. Considering a variety of D2D discovery use cases, both Type 1 and 2B can be considered in LTE Rel-12.
4. Reference
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