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1 Introduction

At RAN2#85bis RAN2 discussed resource allocation for ProSe Communication and reached the following agreements: 
	Agreements
1
A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE). 

2
If a UE is out of coverage it can only use mode 2.

3
If a UE is in coverage it may use mode 2 if the eNB configures it accordingly. 

4
If a UE is in coverage it may use mode 1 if the eNB configures it accordingly.  

4a
If the UE is instructed to use mode 1, there may be exceptional cases where the UE is allowed to use mode 2 temporarily (criteria are FFS (e.g. if UE fails to establish an RRC connection….))

4b
We intend to define the exceptional cases rather than an edge-of-coverage “state”. 




Furthermore, RAN2 received an LS from RAN1 [1] which indicates that RAN1 discussed a mode selection based on a power measurement: 

-
A transmitting UE shall use Mode 2 if Z < X dBm or if no CRS is detected

-
A transmitting UE shall use Mode 1 if Z >= Y dBm where Y>=X


where Z would be a defined DL power measurement based on CRS from the serving cell or the cell the UE is camping on, and X and Y could be pre-configured in the UEs and could be signaled by the eNB.

During the discussions it has become clear that there are different views among companies how to combine and configure mode 1 and mode 2 resource allocations together with the two RRC states RRC_IDLE and RRC_CONNECTED, respectively. With this contribution we present a solution which tries to encompass the different views. In detail, we investigate how the power measurement based threshold suggested in RAN1 fits with the agreements made in RAN2 and propose feedback to RAN1.
2 Discussion

2.1 Out-of-coverage

At RAN2#85bis RAN2 agreed a framework for resource allocation in ProSe Direct Communication. According to the agreements listed in section 1, a UE outside of LTE coverage can only use mode 2 resource allocation. This should be obvious as there is no eNodeB that can allocate dedicated resources. 
2.2 In-coverage

So far, an eNB owns the radio resources in its coverage area. Consequently, UEs camping on a cell shall not use the eNB’s time/frequency resources unless the eNB explicitly allows it. This applies of course to channels using dedicated/scheduled resource allocation (e.g. PUSCH, PUCCH, etc.) but also to random access resources. 

We believe that the principle should be maintained also for ProSe Direct Communication and Discovery: 

Proposal 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 if explicitly allowed by that cell (even if resources of that cell have been pre-configured e.g. in UICC). 
Proposal 2 Reply to SA2 and CT1 that a UE shall not use pre-configured ProSe transmission resources while in coverage of a cell that “owns” these resources.

In the following we discuss how the network configures transmission resources in RRC_IDLE and RRC_CONNECTED. 

2.2.1 RRC_CONNECTED
We think that the eNB should provide ProSe transmission resources to UEs in RRC_CONNECTED by means of dedicated signalling. UEs in RRC_CONNECTED shall not use transmission resources indicated in SIB (if any). This leads to the following proposals which are in-line with the agreements for ProSe Direct Discovery:

Proposal 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. 

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

If the UE is authorized for ProSe Direct Communication, the eNB should indicate to the UE whether to use mode 1 or mode 2 resource allocation. 
For the case where the eNB instructs the UE to apply mode 1, RAN2 agreed that “there may be exceptional cases where the UE is allowed to use mode 2 temporarily”. In order to make use of that possibility, the eNB should configure mode 2 transmission resources even if it intends to use mode 1 as main mode of operation. 

The details of the above-mentioned exceptions have been left FFS at RAN2#85bis not only but in particular because RAN1 was discussing possible metrics/criteria. In their LS [1] RAN1 described the possibility of using a CRS based power measurement to determine whether a UE shall consider itself to be in such exceptional conditions. Putting together the RAN2 agreement on handling exceptional cases and the RAN1 suggestion for a CRS power based metric seems to give a simple and efficient tool for combining high resource efficiency (mode 1) with high robustness in weak radio conditions (mode 2): 

Proposal 5 The eNB may configure a UE in RRC_CONNECTED with a mode 2 resource allocation transmission resource pool and a measurement threshold using dedicated RRC signalling.

Proposal 6 The UE in RRC_CONNECTED is allowed to use the mode 2 resource allocation transmission resource pool provided in dedicated RRC signalling (if any) only while a DL power measurement (details FFS, RAN1) is below the configured threshold.

2.2.1.1 Configuration options

By providing a threshold and (optionally) a mode 2 resource allocation resource pool to a UE the eNB can realize various modes of operation:
a)
Dedicated-Threshold = infinity & mode 2 pool provided: 
UE uses mode 2 independently of the radio conditions.
b)
Dedicated-Threshold = “edge of coverage” & mode 2 pool provided: 

UE applies mode 1 in good radio conditions (i.e. above “edge of coverage”) and falls back to  mode 2 in bad radio conditions (i.e. below “edge of coverage”).
c)
Dedicated-Threshold = -infinity & no mode 2 pool provided: 
UE may only apply mode 1 (mode 2 is not allowed).
As usual, the configuration choice is up to the operator and needs not be standardized further.
2.2.2 RRC_IDLE
For UEs in RRC_IDLE, mode 1 is of course not applicable. Furthermore, the eNB has no means of verifying whether a UE is authorized to perform ProSe transmission. Therefore, some operators requested the possibility to restrict ProSe Direct Discovery transmission to UEs in RRC_CONNECTED. The agreements for ProSe Direct Discovery achieved in RAN2#85bis support this mode of operation. Nevertheless, an operator also has the choice to provide UEs in RRC_IDLE with mode 2 transmission resources via SIB. In that case, the operator has to rely on that the UE verifies correctly whether it is authorized or not. 
We think that also for ProSe Direct Communication these two modes of operation should be supported. Therefore, an eNB should be able to provide mode 2 transmission resources via SIB. 
Similarly as for the mode 2 transmission resources provided via dedicated signalling to UEs in RRC_CONNECTED (see Proposal 6), an operator may want to restrict the use of the SIB-provisioned mode 2 resources to exceptional cases. Therefore, we suggest that also the SIB contains a DL power measurement threshold similar to what can be signalled using dedicated signalling.
Proposal 7 The eNB may provide a mode 2 resource allocation transmission resource pool and a corresponding DL power threshold in SIB. 
Proposal 8 The UE in RRC_IDLE is allowed to use the SIB-provisioned mode 2 transmission resource pool only while the DL power measurement (details FFS, RAN1) is below the threshold. 

Note that the thresholds provided in SIB (Proposal 7) and dedicated signalling (Proposal 5) control whether the UE may use the transmission resources provided in SIB and dedicated signalling, respectively. The thresholds may have the same or different values depending on the intended behaviour. 
2.2.2.1 Configuration options

In a similar manner as for RRC_CONNECTED, the eNB can use these tools to realize different modes of operation: 

a) SIB-Threshold = infinity & mode-2 pool provided: 

UE uses the SIB-provisioned mode 2 transmission resource independently of the radio conditions as long it is in RRC_IDLE. 

b) SIB-Threshold = “edge of coverage” & mode 2 pool provided: 

UE uses the SIB-provisioned mode 2 transmission resource in bad radio conditions (i.e. below “edge of coverage”). When the DL power measurement exceeds the threshold, the UE needs to establish an RRC Connection in order to perform ProSe Direct Communication transmission (see section 2.2.1).
c) SIB-Threshold = -infinity & no mode 2 pool provided: 

ProSe Direct Communication transmission in IDLE is not allowed. A UE needs to establish an RRC Connection in order to perform ProSe Direct Communication transmission (see section 2.2.1)
As usual, the configuration choice is up to the operator and needs not be standardized further.
2.2.3 Resulting UE behaviour

The UE behaviour resulting from the functionality proposed above can be summarized as follows:

	
	RRC_CONNECTED
	RRC_IDLE

	Mode 1 Resource allocation
	Used if configured by eNB via dedicated signalling and if DL metric above the threshold provided via dedicated signalling.

Tx resources indicated by eNB in grant.
	Not supported.

	Mode 2 Resource allocation
	Used if configured by eNB via dedicated signalling and if DL metric below the threshold provided via dedicated signalling.

Tx resources indicated by eNB by dedicated signalling.
	Used if configured by eNB via SIB and if DL metric below the threshold provided by SIB.

Tx resources indicated by SIB (if any).


2.2.4 Other “Exceptions”
At RAN2#85bis we discussed other possibilities to define and detect exceptional cases, such as repeated failures to establish an RRC Connection. Such problems occur primarily in case of very high network load when an eNB cannot handle all access attempts. It is not unlikely that high priority Public Safety communication appears simultaneously with high network load. Of course, Public Safety ProSe Direct Communication shall still be possible in those cases. However, in particular in high load situations, fall-back from mode 1 resource allocation to mode 2 resource allocation is undesirable as mode 2 is known to be less resource efficient than mode 1. Therefore, only UEs in bad coverage (see Proposal 6 and Proposal 8) should be allowed to use mode 2 resources. Furthermore, the network should ensure, with access barring for regular UEs (and exemptions for special access classes (Public Safety UEs)) and appropriate ARP values, that Public Safety UEs in normal coverage conditions can be served with mode 1 even at high network load.

It has also been mentioned that despite good downlink signal strength the uplink may prevent a UE from accessing a cell and from getting mode 1 resources assigned. However, we believe that RAN1 has taken that into account and that a network could avoid such uplink problems by setting an appropriate DL measurement threshold. 

Proposal 9 No other conditions and metrics (except for the DL power measurement) are needed to determine the exceptional cases defined in Proposal 6.
Proposal 10 Reply to RAN1 that a DL power measurement and a corresponding threshold would fit well into the framework for resource allocation mode selection agreed during RAN2#85bis.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 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 if explicitly allowed by that cell (even if resources of that cell have been pre-configured e.g. in UICC).
Proposal 2
Reply to SA2 and CT1 that a UE shall not use pre-configured ProSe transmission resources while in coverage of a cell that “owns” these resources.
Proposal 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.
Proposal 4
The eNB validates whether the UE in RRC_CONNECTED is authorized for ProSe Direct Communication transmission using the UE context received from MME.
Proposal 5
The eNB may configure a UE in RRC_CONNECTED with a mode 2 resource allocation transmission resource pool and a measurement threshold using dedicated RRC signalling.
Proposal 6
The UE in RRC_CONNECTED is allowed to use the mode 2 resource allocation transmission resource pool provided in dedicated RRC signalling (if any) only while a DL power measurement (details FFS, RAN1) is below the configured threshold.
Proposal 7
The eNB may provide a mode 2 resource allocation transmission resource pool and a corresponding DL power threshold in SIB.
Proposal 8
The UE in RRC_IDLE is allowed to use the SIB-provisioned mode 2 transmission resource pool only while the DL power measurement (details FFS, RAN1) is below the threshold.
Proposal 9
No other conditions and metrics (except for the DL power measurement) are needed to determine the exceptional cases defined in Proposal 6.
Proposal 10
Reply to RAN1 that a DL power measurement and a corresponding threshold would fit well into the framework for resource allocation mode selection agreed during RAN2#85bis.
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