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1 Introduction
As a base line case, when a ProSe UE engaged in communication moves towards a cell border towards an area with no coverage, the UE will attempt to switch from resource allocation mode 1 (controlled by the eNB) to resource mode 2 (resource pools broadcasted or preconfigured). This was captured in agreements regarding mode switching during the RAN2#86 meeting [1] (see below):
	Agreements
1
While being in the coverage area of an E-UTRA cell, the UE may only perform ProSe Direct Communication Transmission on the UL carrier of that cell only on the resources assigned by that cell (even if resources of that carrier have been pre-configured e.g. in UICC). 

3
A UE in RRC_CONNECTED that is authorized to perform ProSe Direct Communication transmission indicates to the eNB that it wants to perform ProSe Direct Communication transmissions. 

4
The eNB validates whether the UE in RRC_CONNECTED is authorized for ProSe Direct Communication transmission using the UE context received from MME.

5
The eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool that may be used without constraints while the UE is RRC_CONNECTED. 

5a
Alternatively, the eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool which the UE is allowed to use only in exceptional cases and rely on mode-1 otherwise.

6
The eNB may provide in SIB a mode 2 resource allocation transmission resource pool that authorised UEs may use while in IDLE. 

6a
If the eNB does not provide mode-2 resources in SIB but indicates that D2D is supported, the UE needs to enter RRC_CONNECTED if it wants to perform ProSe Direct Communication transmission. 

10
The UE considers itself to be in exceptional conditions while T311 or T301 is running and may use mode-2 resources provided by the current cell. Further details (exit condition… FFS).



=>
FFS whether the eNB may provide mode-2 resources for exceptional cases in SIB (if so, 6a would need to be updated accordingly)

=>
FFS whether further exceptional conditions are needed.

In this paper we discuss the consequences of these agreements and FFS:s and propose a way forward.
2 Discussion

The process for switching resource allocation mode will be similar to the process around RLF. Layer 1 monitors the downlink quality. If the quality goes below the specified criteria (number of failed sync messages; DRX dependent), L1 reports ”out-of-synch” to RRC. At this point RRC (filters the indications and) starts a timer. If the channel recovers (indication from L1) while the timer is running, then all is well. Recovery is also possible during a second phase through re-establishment. Finally, if there has been no recovery after this second phase, then the UE goes autonomously to RRC_IDLE. 

In the context of Prose, given the agreements above, the second phase (T311) is an exceptional case that allows the UE to use mode 2. However, the first phase (T310) is not. Therefore, it may be so that there is an interruption of communication for the entire time that T310 runs. T310 is generally in the order of seconds and may impact the quality of the conversation, see Figure 1.
As mentioned above, an important objective of the T310 timer is to keep the UE RRC_CONNECTED for a period of time so that the UE has a chance to move to a better position where there the connection recovers. 

For ProSe communication (and switching of resource modes) if the T310 timer is kept optimized for ordinary cellular operation, there is, in the worst case, a risk that the UE cannot receive PDCCH while the timer is running. This means further that while the timer is running and the UE is waiting for an opportunity to switch to mode 2, the UE cannot send mode 1 data resulting in an interruption of communication. Given the agreements in RAN2 so far, the UE is not in an exceptional case when T310 is running.

Observation 1 Communication with a ProSe UE, configured with mode 1, may be interrupted for the entire time the timer T310 is running and the UE cannot switch to mode 2 during this time since this is not an exceptional case.

One solution to limit a potential interruption of service during such a switch of resource allocation mode is to set a very short value for the T310 timer.  Setting a very short T310 (e.g. 0 s) to trigger RLF early would be beneficial for ProSe communication but not for the system as a whole as it would trigger unnecessary RRC re-establishment attempts causing increased load on the eNB. 
Observation 2 Setting the T310 timer to a very short value is likely to have a large effect on the system with many unnecessary RRC re-establishments and resulting high eNB load.

To go around this, a separate mechanism, similar to the RLM, should be designed for ProSe. The reason is that with the current RLM we want the UE to trigger RLF as late as possible (sort of), while with the ProSe mode switching we want this to happen much earlier. For this procedure we need a new timer (let’s call it T310-bis for the discussion). Starting and reset criteria for T310-bis (T3 in figure) are similar to T310, but upon expiry of T310-bis the UE switches to mode 2 and does not declare RLF. The pro with a new timer is that this timer has no adverse impact on legacy performance. A con is that adding the timer has some impact on the standards.
Proposal 1 Add a new timer for ProSe UEs, with similar start and reset criteria as T310, after which expiration the UE switches from resource allocation mode 1 to mode 2.

[image: image1]
Figure 1: Principle of new timer (T3) as well as operation according to current agreement (1) and with the proposed new timer (2). Figure modified from [2].
One issue that remains to investigate is when and how the UE switches back to mode 1. This switch also relates to the agreement regarding exceptional cases and exit conditions mentioned above. The background is that a UE is configured to use mode 1 ProSe communication. Due to poor radio conditions the UE switches autonomously to mode 2, as a result of the proposed timer runs out or that an exceptional case occurs. Note that the expiry of a timer is the trigger; the actual switch occurs after the current ProSe grant expires.
For the switch back to mode 1, i.e., the exit conditions for the exceptional cases, there are a few different cases that may occur:

If the radio link recovers after the proposed timer runs out but before the timer T310 has expired or the radio has recovered (i.e. T310 is stopped), the UE returns to using mode 1. However, to avoid ping-pong effects the switch back to mode 1 may be delayed for a period of time, e.g. a number of ProSe transmission cycles.
If the radio link is recovered before the timer controlling the exceptional case expires (i.e. while T311 is running), the UE returns to using mode 1, after a similar delay as described above.
If the radio link remains poor until the RRC connection is released, i.e. T311 expires and the UE goes to RRC_IDLE (basically means that the UE loses coverage), the UE will continue using mode 2. The UE should do so primarily with the configuration for idle mode obtained via SIB. However, if the UE cannot read SIB it will use the pre-configuration in UICC.
Proposal 2 A UE configured for resource allocation mode 1 ProSe communication and that has experienced an exceptional case and therefore uses resource allocation mode 2 shall switch back to resource allocation mode 1 if timer T310 is stopped or if reconnection establishment is successful. The switch back to mode 1 may be delayed for a number of ProSe transmission cycles. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
Communication with a ProSe UE, configured with mode 1, may be interrupted for the entire time the timer T310 is running and the UE cannot switch to mode 2 during this time since this is not an exceptional case.
Observation 2
Setting the T310 timer to a very short value is likely to have a large effect on the system with many unnecessary RRC re-establishments and resulting high eNB load.


Based on the discussion in section 2 we propose the following:
Proposal 1
Add a new timer for ProSe UEs, with similar start and reset criteria as T310, after which expiration the UE switches from resource allocation mode 1 to mode 2.
Proposal 2
A UE configured for resource allocation mode 1 ProSe communication and that has experienced an exceptional case and therefore uses resource allocation mode 2 shall switch back to resource allocation mode 1 if timer T310 is stopped or if reconnection establishment is successful. The switch back to mode 1 may be delayed for a number of ProSe transmission cycles.
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