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Introduction
During the RAN2#87bis meeting, the issue on exceptional scenarios for idle mode support was raised but not fully evaluated [1]. This contribution provides further discussion on resource utilization for idle mode support to avoid ProSe communication interruptions.
Discussion 
In the RAN2#87bis meeting, a definition of cell coverage for ProSe support is discussed and the following agreement:
· If a UE detects a cell on the ProSe Carrier that fulfils the S-Criteria (of SIB1 of that cell) it considers itself in coverage of that cell and therefore stops using the preconfigured resources.
According to agreements above, to use the Mode 2 preconfigured ProSe resources in UICC are prohibit upon an out-of-coverage ProSe enabled UE moves into the cell coverage and the S-Criteria of SIB is fulfilled. A ProSe enabled UE performs Idle to Connected mode transition to obtain resources for Prose transmission and the corresponding ProSe resource for use in ProSe enabled UE moving from out-of-coverage to in-coverage is depicted below in the Figure 1.
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Fig 1: RRC connection establishment successes for OOC to IC transition scenario
As shown in the Figure 1, a ProSe enabled UE starts ProSe communication by using preconfigured Mode 2 resources in UICC while a ProSe enabled UE is outside the coverage area (in state 1). Once the ProSe enabled UE moves into the cell coverage and the S-Criteria of SIB1 is meet (enter state 2), no ProSe resource can be used if no normal Mode 2 resources are contained in the SIB. Although a ProSe enabled UE subsequently starts RRC connection setup procedure and then in RRC Connected mode, there is still no ProSe resource for use in the ProSe transmission (in state 3). Besides, to perform ProSe communication within a cell coverage, a ProSe enabled UE also needs get authentication by the ProSe Function via an IP connectivity, which makes extra latency after the attach procedure is finished. After the grant of ProSe resource is received and a ProSe enabled UE can use the assigned resource for ProSe communication (enter state 4), the ProSe transmission is recovered. Hence, a ProSe communication interruption occurs and the time elapsed of ProSe communication interruption is at least 95 ms for the best case, which SIB2 and SIB18 are carried in the same SI-message and transmitted in the next subframe of SIB1. The detail analysis is depicted in the Annex.

Observation 1: When an out-of-coverage ProSe enabled UE moves into the cell coverage, no ProSe resources can be used for ProSe transmissions and the time elapsed of ProSe communication interruption is at least 95 ms before a ProSe enabled UE obtains ProSe resources assigned by eNB in the case of the successful completion of an RRC Connection establishment.

Meanwhile, RAN2 had also made agreement of exceptional case for ProSe communication in the last meeting as depicted below.
· If SIB18 does not contain normal mode-2 resources and the UE performs a connection establishment, it may use the fallback resources provided in SIB18 from the first T300 expiry until receiving the first RRCConnectionReconfiguration containing a ProSe configuration or until the network sends the Prose-Reject message or until the network rejects or releases the RRC Connection. The UE shall continue to attempt establishing an RRC Connection while using the fallback resources.  

According to agreements above, a ProSe enabled UE is not allowed to use fallback resource in the SIB18 until a RRC Connection establishment procedure is fail and the first timer T300 is expiry. The ProSe resource utilization for a ProSe enabled UE moving from out-of-coverage to in-coverage until the first timer T300 is expiry is depicted below in the Figure 2.
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Fig 2: RRC connection establishment fails for OOC to IC transition scenario (T300 expiry)

In case of failure of RRC connection establishment in the Figure 2, there is also no ProSe resource for use in the ProSe transmission upon an out-of-coverage ProSe enabled UE stops using preconfigured Mode 2 resources in UICC in the cell coverage area (enter state 2). A ProSe enabled UE acquires the SIB2 and SIB18 and then decode SIB2 for the subsequently attach procedure and decode SIB18 for the ProSe configuration information. If the failure of RRC Connection Establishment occurs and the first timer T300 expires, a ProSe enabled UE is allowed to use the fallback resource decoded from SIB18 (enter state 4). Because the minimum value of the timer T300 is set to 100ms, a ProSe communication interruption also exists and the time elapsed for ProSe communication interruption is at least 105.5 ms for the best case as shown in the Annex. 

Observation 2: When an out-of-coverage ProSe enabled UE moves into the cell coverage, no ProSe resources can be used for ProSe transmissions and the time elapsed of ProSe communication interruption at least 105.5 ms before the first Timer T300 expires while RRC Connection Establishment failure occurs. 

In summary, there is at least 95 ms interruption before a ProSe enabled UE is allowed to use ProSe resources allocated by the eNB while an out-of-coverage ProSe enabled UE moves within the cell coverage area. Base on observations we made, to mitigate ProSe communication interruptions, it is better to allow a ProSe enabled UE using a preconfigured Mode 2 fallback resource in UICC while an out-of-coverage ProSe enabled UE moves into cell coverage and detects a cell on that carrier, as illustrated in the Figure 3. Otherwise, unacceptable ProSe communication interruption will produce lots latency in the ProSe service, e.g. VoIP calls. 
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Fig 3: preconfigured fallback resource applies for OOC to IC transition scenario

Proposal: For continuity perspective, preconfigured Mode2 fallback resources for use are allowed until any ProSe resource is assigned by eNB or until a reject message is received while a ProSe enabled UE is within the cell coverage area.
Conclusion
In this contribution, we analyze ProSe resource while an out-of-coverage ProSe enabled UE enters the cell coverage and performs Idle to Connected mode transition. Our observations and proposals are summarized below:

Proposal: For continuity perspective, preconfigured Mode2 fallback resources for use are allowed until any ProSe resource is assigned by eNB or until a reject message is received while a ProSe enabled UE is within the cell coverage area.
References
[1] R2-14xxxx, Draft report of RAN2 #87bis, Shanghai, China, 6.10.-10.10.2014, ETSI MCC
Annex: Time elapsed analysis for ProSe communication interruption for the OOC to IC transition scenario
RRC connection establishment success case


Fig 4: message flow for RRC connection establishment success case

Table 1: the time elapsed for RRC connection establishment success case
	Period
	Descriptions 
	Minimum latency [ms]

	I
	The period between end of decoding SIB1 and end of SIB2. Based on the D2D agreements, an OOC UE stops using preconfigured resource when it can decode SIB1 and satisfies S-criteria. After that, the UE can decode SIB2 to get the PRACH info to start the attach procedure. The best case happens when SIB2 and SIB18 is carried in the same SI-message and be transmitted in the next subframe of SIB1. 
	1

	II
	The period of Idle to Connected. The analysis is based on section 16.2.1 of TR 36.912. 
	50

	III
	The period of ProSe service authorization. Assume UE A uses random access to get the UL resource for D2D Communication interest indication message, which costs 10.5ms. (i.e. This analysis is based on section B.1.2.1.2 of TR 36.912.) Also assume the round trip delay of ProSe service authorization (i.e. section 7.2.2.2 of TS 24.334) is 20ms, therefore it costs 30.5ms to receive response for the D2D Communication interest indication message.
	30.5

	IV
	The period of requesting a D2D resource. Assume UE A uses random access to get the UL resource for ProSe_BSR, which costs 10.5ms. (i.e. This analysis is based on section B.1.2.1.2 of TR 36.912.). Assume eNB costs 3ms for processing ProSe_BSR and scheduling the D2D grant, therefore it costs 13.5ms to receive D2D resource. 
	13.5

	Subtotal 
	
	95ms


RRC connection establishment failure case (T300 expiry)


Fig 5: message flow for RRC connection establishment failure case

Table 2: the time elapsed for RRC connection establishment failure case
	Period
	Descriptions 
	Minimum latency [ms]

	I
	The period between end of decoding SIB1 and end of SIB2. Based on the D2D agreements, an OOC UE stops using preconfigured resource when it can decode SIB1 and satisfies S-criteria. After that, the UE can decode SIB2 to get the PRACH info to start the attach procedure. The best case happens when SIB2 and SIB18 is carried in the same SI-message and be transmitted in the next subframe of SIB1. 
	1

	II
	The period between start of attach procedure and T300 expire. Based on section 16.2.1 of TR 36.912, it costs at least 4.5ms from waiting RACH scheduling to receiving Random Access Response. After that, UE A sends RRC Connection Message and starts timer T300. Since the minimum value of T300 is 100ms, UE A waits at least 104.5ms and subsequently it uses preconfigured resource for D2D transmissions.  
	104.5

	Subtotal 
	
	105.5ms
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