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1 Introduction

In Rel. 12, the D2D Communication is being standardized for Public Safety. In the previous meetings RAN2 has made agreements mitigating communication interruptions in Exceptional cases like RLF. An Email Disc [1] was initiated to this end to check if other exceptional case(s) exist. 

This paper shows RRC Idle and Connected State scenarios that suffer from communication interruption comparable to the potential interruption caused by the Exceptional case(s).

2 Discussion
For convenience we define two Network deployment Types: Type A and Type B. Type A provide No Mode2 resources in Idle Mode in the carrier whereas Type B does. Both of these are valid deployment scenarios as from the Stage2 text; however, these offer different Quality of User Experience from D2D Communication Continuity perspective. 
2.1 Total time elapsed (interruption) in initiating/ resuming (from out of coverage) D2D Communication
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Figure 1: Different phases of attaining resources for D2D Communication
We analyse a case wherein the UE starts D2D communication in out of coverage. In the Figure 1, Pre-configured resources are used in Out of Coverage
, Period_0 is the time between Cell Selection and SIB18 Acquisition, Period_A is the RRC Idle (time between initiation of RRC Connection and Reception of RRCConnectionSetup message), Period B is the time in RRC Connected State until the UE receives dedicated response from the network for D2D Communication, Period_C is applicable only for Mode1 UE (if Network Response did not provide Mode2 resources for normal use) and is the time between reception of Network Response and reception of D2D grant, Period_D (in the time scale is almost similarly applicable to Mode1 and Mode2
) and is the time until the D2D data is transmitted.
Period_0 depends on si-WindowLength and transmitted SI-Message(s) (<= maxSI-Message). An average value of 100 ms
 is likely to acquire SIB18.
Period_A timings based on [2] is 15.5 ms
 (Details)
Period_B timings based on [2] of 34.5 ms
 (until ready to send D2D Communication Interest Indication) + 10 ms for receiving resources to send D2D Communication Interest (e.g. rough avg. time using SR/ RACH/ BSR mechanism) + including one procedural delay of 15 ms for D2D Communication Interest Indication/ Response [3]
 is total 59.5 ms.
Period_C (for Mode1 UEs) is assumed 10 ms (e.g. rough avg. time using SR/ RACH/ BSR mechanism).

Period_D is calculated in the Annex2 and comes around an average time of around 340 ms (irrespective of whether the grant was received in PDCCH/ DCI (for Mode1 UEs) or a Mode2 UE by itself selects the SA and Data resource).
	
	Period_0
	Period_A
	Period_B
	Period_C
	Period_D

	Typical/ Average Case Scenario

	(in ms)
	100
	15.5
	59.5
	10
	340


In case of Type A network this leads to a typical total time elapsed (interruption) in initiating/ resuming D2D Communication of 525 ms. However, a near worse case delay could well exceed 2 or 3 seconds with e.g. T300 configured and with different SI scheduling assumptions, radio condition (affecting number of HARQ/ ARQ repetitions), differently configured saPeriod, saOffset/ dataOffset etc. This is comparable to/ exceeding the T301, T310/ T311 wherein the default configured values are 1 sec.
In case of Type B network the UE can, after the SIB18 reading, perform D2D Communication until it receives RRCConnectionSetup i.e. during Period_A. Here Period_0 and Period_A are not continuous/ contiguous since the establishment of RRC Connection is initiated for some WAN related cause; the UE was otherwise performing D2D Communication normally in the Idle Mode. In this sense, D2D communication interruption in deployment Type B is a subset of deployment Type A. 
Proposal 1: RAN2 agree that interruption-to-resume/ delay-in-initiating D2D communication is significant.

2.2 Possible Solutions
For Period_0 the Mode2-preconfigured resources can be used however this is against the RAN2 previous agreement to use Mode2-preconfigured resources inside cell-coverage area. Alternatively, we can consult RAN1 to check if PD2DSCH can be used for this purpose. Since, the details for the same are still unclear, it is best to ask RAN1 about this possibility.
Network Type A: some temporary Mode2 resource can be used until the UE transmits D2D data using the dedicated signalled resources. This temporary Mode2 resource is broadcasted in SIB18 and is only to be used upon/ after initiation of RRC Connection Establishment Procedure i.e. Idle UEs should not be using the temporary Mode2 resource without subsequently initiating an RRC Connection.

Network Type B: The Mode2_Idle resources can be extended to be used until the UE transmits D2D data using the dedicated signalled resources.

Following proposals are accordingly made:

Proposal 2: Check with RAN1 on feasibility of using the resource indicated by PD2DSCH in in-coverage until UE acquires SIB18 (or even beyond for Network Type B).
Proposal 3: Type A Network (No Mode2 resources in Idle Mode) broadcast a temporary Mode2 resource that can only be used by UEs for D2D Communication upon/ after initiation of RRC Connection Establishment Procedure and until the UE transmits D2D data using the dedicated signalled resources (or until RRC Connection Establishment failure).
Proposal 4: In Type B network (with Mode2 resources in Idle Mode) Use of Mode2_Idle resources is extended until the UE transmits D2D data using the dedicated signalled resources (or until RRC Connection Establishment failure).
3 Conclusions
This document showed and evaluated Typical RRC Idle and Connected State scenario that suffer from communication interruption comparable to or even potentially exceeding the potential interruption caused by the Exceptional (RLF) case. Following proposals are accordingly made:
Proposal 1: RAN2 agree that interruption-to-resume/ delay-in-initiating D2D communication is significant.
Proposal 2: Check with RAN1 on feasibility of using the resource indicated by PD2DSCH in in-coverage until UE acquires SIB18 (or even beyond for Network Type B).
Proposal 3: Type A Network (No Mode2 resources in Idle Mode) broadcast a temporary Mode2 resource that can only be used by UEs for D2D Communication upon/ after initiation of RRC Connection Establishment Procedure and until the UE transmits D2D data using the dedicated signalled resources (or until RRC Connection Establishment failure).

Proposal 4: In Type B network (with Mode2 resources in Idle Mode) Use of Mode2_Idle resources is extended until the UE transmits D2D data using the dedicated signalled resources (or until RRC Connection Establishment failure).
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5 Annex1
	Stage2:

For UEs in RRC_IDLE:

-
The eNB may select one of the following options: 

-
The eNB may provide a Mode 2 transmission resource pool in SIB. UEs that are authorized for Prose Direct Communication use these resources for ProSe Direct Communication in RRC_IDLE. 

-
The eNB may indicate in SIB that it supports ProSe Direct Communication but does not provide resources for it. UEs need to enter RRC_CONNECTED to perform ProSe Direct Communication transmission.


6 Annex2: Calculating Period D
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Figure 2: Timeline and Configuration of Data Communication
Period D is the average delay in sending the first D2D Data = Average of 3 components D1, D2 and D3
Where, D1 = Average Delay in Sending the SA 
D2 = Possible time difference between end of saResourcePoolBitmap and start of dataResourcePoolBitmap
D3 = Average Delay from SA transmission to first D2D Data occasion

	Table 1

	D1) Average Delay in Sending the SA
	D2) Possible time difference between sa and data BITMAPs
	D3) Average Delay from SA transmission to first D2D Data occasion 
	Total Delay (=D1+D2+D3)
	Period_D

	 = saPeriod + Proportional saOffset(ignored)
	(refer to table 2)
	 
	 
	 

	40
	150
	40
	230
	340

	80
	150
	40
	270
	

	160
	150
	40
	350
	

	320
	150
	40
	510
	

	
	
	
	
	

	Table 2 for calculating D2
	

	For saOffset of 40
	For saOffset of 80
	For saOffset of 160
	 
	

	40
	120
	280
	153
	

	80
	240
	 
	
	

	160
	 
	 
	
	


D1 = saPeriod
 + saOffset/ (SFN cycle length/ saPeriod)

For D2, the calculation takes only those cases where saOffset is greater than dataOffset (since the difference has to be at least 40 ms to accommodate sa-BITMAP)

D3 = Average Delay from SA transmission to first D2D Data occasion = Half of (saBITMAP + dataBITMAP) = 40 ms
7 Annex3
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� According to our understanding, RAN1 view is the resource indicated by PD2DSCH are used for such incoming UEs. Pre-configured resources for out of coverage are used only when UE is far away from WAN operating cell.


� For Mode1 RAN1 agreed “Mode 1 grant refers to the next instance of SA resource pool that starts at least 4ms after the subframe on which the Mode 1 grant is transmitted”; however in the bigger picture as shown in Annex2, this 4 ms is part of the average delay in Period_D


� With configured si-WindowLength as 10 ms and 10 SI-Messages transmitted.


� The UE initiates RACH based on SIB18 reading; the additional time between inter-layer AS <-> NAS is ignored here.


� For processing RRC Connection Setup/ sending for RRC Connection Setup Complete, Establishing security, Network and UE processing delay etc.


� This is however not available in Ch. 11.2 of TS36.331-c10 but the 15 ms has been used based on UE processing time for a network initiated procedure. Since no Network processing time for a UE initiated procedure could be earmarked, 15 ms is just indicative.


� We are using saPeriod here since in the entire saPeriod, the UE gets only one saSubframeBitmap (where it can send the 2 transmissions of SA)
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