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1   Introduction
User inactivity is defined in current LTE specification where the eNB discovers for a certain period of time (defined by the value of “user inactivity” timer) no user plane packets are exchanged between the UE and network. On expiry of user inactivity timer, the eNB may trigger to release the S1 and RRC connection to save resources and hence UE is forced to enter RRC Idle state. 
When it comes to the ProSe UE, suppose the ProSe UE performs only ProSe direct discovery or communication transmissions, the user plane packets are exchanged between ProSe UEs instead of between the UE and network. If the eNB still follows the legacy user inactivity detection approach, the ProSe UE may be improperly required to enter RRC Idle state. 
In this paper, we will investigate the user inactivity issue of ProSe UE. Different resource allocation mechanisms for ProSe direction discovery and communication and their impacts on the ProSe activity detection are analyzed. Several proposals are presented to guide further work on this. 
2   Discussion
User inactivity overview
According to TS36.413 [1], upon detecting the user inactivity on all E-RABs, S1 is requested to be released in order to optimize the radio resources. Generally speaking, the user inactivity is detected by the expiry of an inactivity timer, which is not standardized and left to vendor implementation. An example implementation is that the inactivity timer could be started when the downlink buffer in the eNB is empty and the UE has not requested an uplink grant. 
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Figure 1 S1 and RRC Connection release procedure
As illustrated in Figure 1, when the user inactivity timer expires, the eNB sends the UE Context Release Request message to MME along with the release cause value set as “User Inactivity” to release the UE context. Then MME sends the eNB a UE Context Release Command to release the UE context stored at the eNB. Upon receiving the command from the MME, the eNB sends the UE a RRC Connection Release message to UE. And then eNB releases all the UE contexts. The eNB subsequently sends to the MME a UE Context Release Complete message as a response to the request sent in Step 2. Finally, the MME deletes the eNB related information from the UE’s MME context. 
As we can see, the legacy user inactivity detection is based on UE’s WAN activity without considering the UE’s ProSe activity. Suppose the ProSe UE performs the ProSe transmission only, the user plane packets are exchanged between ProSe UEs instead of between the UE and network. If the eNB still follows the legacy user inactivity detection, the ProSe UE may be improperly required to enter RRC Idle state. In that case, the UE has to setup the RRC Connection repeatedly if the ProSe resource allocated by eNB is only valid in RRC Connected state. In order to avoid this, both the WAN activity and ProSe activity should be considered for the user inactivity detection.
Observation 1: Both WAN activity and ProSe activity should be considered for the user inactivity detection.
ProSe activity detection
In this section, we will discuss the ProSe activity detection approach. Before that, it is necessary to review the resource allocation mechanism for ProSe transmission. As is known to all, both the CSMA and coordinated resource allocation mechanisms have been agreed, namely, the Type 1 and Type 2B for the ProSe discovery, the Mode 2 and Mode 1 for the ProSe communication. They have different impacts on the ProSe activity detection. We will discuss them one by one as follows. 
ProSe direct discovery
For the Type 1 transmission resource allocation, it can be divided into two cases as follows:
· eNB provides the Type 1 transmission resource pool in SIB: The Idle UE may obtain the updated Type 1 transmission resource pool information through system information and utilizes this information for the ProSe transmission. The ProSe activity detection from the perspective of eNB is not necessary since the UE may perform the ProSe transmission even in Idle state without entering RRC Connected state repeatedly.
· eNB provides the ProSe indication in SIB: In this case, the UE need to enter RRC Connected state to request the ProSe transmission resources. Suppose the Type 1 transmission resource pool is configured for the UE through dedicated signaling, the UE randomly selects the ProSe discovery resource from the resource pool and start the ProSe transmission. No further interaction with eNB is needed. In this case, it is hard for the eNB to have knowledge of the UE’s ProSe activity. 
One possible approach to get around this problem is to define the validity time for Type 1 transmission resource pool. If the validity time is long enough, the Type 1 transmission resource pool could still be valid when UE enters RRC Idle state. In that case, it does not matter whether the ProSe activity is detected by the eNB since the UE may still use the Type 1 transmission resource pool for ProSe transmission in IDLE state without service interruption. The validity timer may be started upon receiving the resource configuration. If the validity timer expires and UE still wants to perform ProSe discovery transmission, UE should re-enter the RRC Connected state to ask for the resource configuration. Nevertheless, the number of RRC state changes is greatly reduced.
In addition, if the Type 1 transmission resource pool is not allowed to be valid in Idle state, another approach for the ProSe activity detection is to enable the periodic ProSe activity reporting of UE. That is, the ProSe UE is requested by eNB to report its ProSe activity states periodically once the Type 1 transmission resource pool is configured. Upon receiving the ProSe activity report, the eNB determines whether the UE is in ProSe active state or not. Only when neither the WAN nor ProSe activity of UE are in active state could the eNB release the S1 and RRC connection as shown in Figure 1. 
Proposal 1: For the Type 1 transmission resource pool configured through dedicated signalling, it is recommended to configure a valid time which allows the UE to use the configured resource in Idle state. 
With regard to Type 2B transmission resource allocation, dedicated semi-persistent resource is allocated for the RRC Connected UE to accommodate the periodical discovery transmission. Similar to the Type1 transmission resource, the eNB has no knowledge of UE’s ProSe activity unless validity time is defined for the allocated Type 2B transmission resource. That is, not only the resource block assignment, interval, frame/sub-frame offset but also the validity duration should be included to indicate the Type 2B resource. At the expiration of the validity time, the UE in RRC Connected state may re-send the ProSe resource allocation request to eNB if it still wants to perform the ProSe discovery transmission. Moreover, the UE may request to release the allocated Type 2B resource in advance if it wants to terminate the transmission. In this way, the eNB may monitor the UE’s ProSe activity. For example, if the Type 2B is still in validity time and no Type 2B release request is received from UE, the eNB regards the ProSe UE is still in ProSe active state, otherwise, it regards the ProSe UE in ProSe inactive state.
Different from the Type1 transmission resource, it is arguable whether the Type 2B resource should remain valid in Idle state. Suppose the Type 2B resource is still valid in Idle, if the Idle UE wants to terminate the ProSe discovery transmission in advance or the Idle UE moves to other cells, the Type 2B resource is no longer used by the UE and eNB is not aware of this. This leads to the waste of Type 2B resources since it is dedicated allocated for this UE. Hence it is recommended to release the Type 2B resource allocated by eNB when the UE enters the Idle state, even if the validity time does not expire.
The periodic ProSe activity reporting of UE mentioned before also applies to the Type 2B resources. That is, the RRC Connected ProSe UE reports its ProSe activity states periodically once the dedicated Type 2B transmission resource is configured. Both the validity time for the allocated ProSe resource and the periodic ProSe activity reporting mechanism should be considered for the ProSe discovery activity detection in eNB.
Proposal 2: For the Type 2B transmission resource configured through dedicated signalling, validity time is also necessary for the ProSe activity detection of eNB. When the UE enters the Idle state, it is recommended to release the Type 2B resource even if the Type 2B resource is still in validity time.
ProSe direct communication
Due to the CSMA characteristic, Mode 2 transmission resource allocation has a lot of similarities with the Type 1 transmission resource. The ProSe activity detection discussed for Type 1 transmission resource also applies to Mode 2 transmission resource. The validity time for the allocated ProSe resource and the periodic ProSe activity reporting mechanism could be applicable for the ProSe Mode 2 communication activity detection in eNB as well. Hence we will not discuss the Mode 2 any more and we will focus on the Mode 1 resource.
Proposal 3: The validity time for the allocated ProSe resource and the periodic ProSe activity reporting mechanism should be considered for both the ProSe discovery and ProSe Mode 1 communication activity detection in eNB.
For the Mode 1 resource allocation, the eNB sends the Mode 1 ProSe communication resource configuration to UE upon receipt of UE’s request. After that, the UE sends a ProSe BSR based on which the eNB can determine that the UE intends to perform a ProSe communication transmission as well as the required amount resources. ProSe UE listens to the ProSe grant and then transmits the SA and ProSe data over the Mode 1 resource [3]. Since the ProSe BSR and the ProSe grant are exchanged between UE and eNB during the ProSe direct communication, the eNB can easily detect the ProSe activity. In other word, when the ProSe BSR is received or the ProSe grant is sent, the user inactivity timer could be started/re-started. At expiry of such a user inactivity timer, the user inactivity is detected where both the WAN and the ProSe activity is taken into account. 
Proposal 4: The ProSe BSR and the ProSe grant should be considered for the Mode 1 ProSe communication activity detection in eNB. 
3   Conclusion
In this paper, we investigated the user inactivity issue of ProSe UE. Different resource allocation mechanisms for ProSe direction discovery and communication and their impacts on the ProSe activity detection were analyzed. Finally, several observations and proposals were presented on how to continue the study:
Observation 1: Both WAN activity and ProSe activity should be considered for the user inactivity detection.
Proposal 1: For the Type 1 transmission resource pool configured through dedicated signalling, it is recommended to configure a valid time which allows the UE to use the configured resource in Idle state. 
Proposal 2: For the Type 2B transmission resource configured through dedicated signalling, validity time is also necessary for the ProSe activity detection of eNB. When the UE enters the Idle state, it is recommended to release the Type 2B resource even if the Type 2B resource is still in validity time.
Proposal 3: The validity time for the allocated ProSe resource and the periodic ProSe activity reporting mechanism should be considered for both the ProSe discovery and ProSe Mode 1 communication activity detection in eNB.
Proposal 4: The ProSe BSR and the ProSe grant should be considered for the Mode 1 ProSe communication activity detection in eNB. 
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