Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #85bis
Tdoc R2-141695
Valencia, SPAIN, March 31st-April 4th 2014
Agenda Item:
7.4.2
Source: 
InterDigital Communications
Title:  
Mode Selection and Resource Pool Selection for D2D UEs
Document for:
Discussion, Decision
1 Introduction
The following agreements were made in RAN2 #85 in regards to mode selection and resource pool allocation for D2D scheduling assignments:

	FFS how the resource pool is configured/provided to UEs in or out of coverage. (e.g. pre-configured; provided by eNB in SIB; forwarded by UEs in coverage to UEs out of coverage)

2
In Mode 1, a UE requests transmission resources from an eNB. The eNB schedules transmission resources for transmission of scheduling assignment(s) and data. 

2a
In Mode 1, the UE sends a scheduling request (D-SR or RA) to the eNB followed by a BSR based on which the eNB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 

3
For Mode 2, UEs are provided with a resource pool (time and frequency) from which they choose resources for transmitting D2D communication. 

3a
The eNB controls whether UE may apply Mode 1 or Mode 2 transmission. Details FFS. 



In this contribution we discuss criteria for determination of in-coverage, edge-of-coverage and out-of-coverage state with the ultimate goal to perform mode selection based on coverage conditions of the D2D UE. Additionally, we discuss the resource selection requirements and suggest priorities for resource selection. 
2 Discussion
2.1 Coverage State and Mode Selection
In the last meeting, there was a discussion on the coverage state of the UE, as determined by its link conditions and proximity to eNB and/or other D2D neighboring UEs. The following coverage states were introduced:
A. In-coverage UE: UE has uplink and downlink coverage from a network source (which also is a coordinator for D2D communications).

B. Edge-of-coverage UE: UE has downlink coverage but no uplink coverage from a network source. 

C. Out-of-coverage UE:  UE has no uplink or downlink coverage from any network source. 
While these states help visualize the context under which a UE is operating, the actual UE functionality that need to be define are the conditions to operate in Mode 1 vs Mode 2 and the resource pool to use.
By definition, Mode 1 operations requires not only DL coverage but also UL coverage to communicate with the eNB for requesting resources.  Thus when a UE UL transmission to the eNB fails, then Mode 1 should cannot be used and the UE should autonomously default to Mode 2 operations. In Mode 2 operations, the UE has to determine the actual resources pool to use for D2D transmission/reception.  
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Figure 1 Sequence to determine D2D operational parameters
Proposal 1: Only In-coverage UEs can be configured to use Mode 1.  Edge-of-coverage or Out-of-coverage UE use transmission mode Mode 2.
One approach suggested during the last meeting to determine the UE coverage state is to rely on DL RSRP. We think that DL RSRP based UE measurements are very useful to determine the DL coverage.

However, solely relying on DL RSRP may be insufficient as in certain scenarios the DL link conditions may not accurately translate into corresponding UL radio conditions.

We think that re-using existing LTE radio link failure and RRC connection establishment procedures should be considered to determine the operating D2D Mode as a function of experienced radio conditions by the D2D enabled UE.

Proposal 2: Existing LTE radio link failure and RRC connection establishment procedure success/failure are used as criteria together with DL RSRP measurements by the D2D enabled UE to determine the coverage state.

2.2 D2D enabled UEs operating in RRC_CONNECTED 
When a RRC_CONNECTED UE operating in Mode 1 attempts to obtain grant for D2D, it may try to send request using BSR and/or SR, if a grant is available, and otherwise initiate a RACH.  
In practice coverage problems in the uplink would result in repeated RACH failures, triggering RLF.  Clearly this event would be an indication of a loss of UL coverage and could be used to trigger the UE to transition to Mode 2.  Thus, as a baseline, the existing Radio Link Failure procedure can be re-used as a mechanism to trigger an RRC_Connected UE to transition from Mode 1 to Mode 2.
One drawback with using RLF is the possibly long delay associated with the procedure.  For example when T310 is triggered it can take up to 2 seconds in addition to the delay associated to re-establishment attempts before RLF is actually declared.  Another example where delays are significant is when RLF is declared after a number of consecutive RACH failures.  
Observation: For RRC_CONNECTED mode devices, D2D transmissions may be significantly delayed if the UE solely relies on existing Radio Link Failure procedure to detect need to transition to Mode 2.

If these delays are considered unacceptable, additional triggers may be defined to supplement the baseline methods.  For example, triggers based on modifications of existing conditions may be used:  
T1: The UE may transition to Mode 2 if out-of-sync indications are received with smaller values of timer. 

T2: The UE may transition to Mode 2 if there is no response to D2D-SR or no response to BSR within a configured window. 

Proposal 3: Existing LTE radio link failure is a criterion to select Mode 2.

Proposal 4: The need for additional criteria (e.g. conditions T1 and T2 listed as example above) for RRC_CONNECTED D2D enabled UEs should be discussed in RAN2. 

2.3 D2D enabled UEs operating in RRC_IDLE 
The eNB might configure all the UEs in the cell to use Mode 1 as the default mode. 
The RRC_IDLE UEs camped normally to a suitable cell could attempt to use Mode 1 by initiating RRC Connection establishment.  However, in some cases, even when the DL coverage is acceptable and the cell suitability criteria is met, the uplink coverage may not be reliable.  This could lead to RRC Connection establishment failure. In this situation, the UE should also autonomously transition to Mode 2. 
Similar to the RLF case, one issue with use of RRC Connection establishment could be the latency associated with failure of the procedure.  For example, the RRC Connection establishment failure is declared when T300 expires, and the maximum value of timer is 2s.  For public safety applications, this delay may be unacceptable. 

Observation: For RRC_IDLE mode devices, D2D transmissions may be significantly delayed if the UE solely relies on existing RRC Connection establishment failure to detect need to transition to Mode 2.

If these delays are considered unacceptable, additional triggers may be defined to supplement the baseline methods.  For example, modification of existing conditions such as a shorter value of T300 may be defined for this purpose.  
Finally, when a UE is unable to decode the eNB SIB and/or unable to camp on a suitable cell, it should transition to Mode 2. Existing triggers could be used, for example transition into RRC_IDLE.Any-Cell-Selection state could be used for this purpose.
Proposal 5:
RRC connection establishment procedure is a criterion to select Mode 2.
Proposal 6: The need for additional criteria (e.g. shorter T300) for RRC_IDLE D2D enables UEs should be discussed in RAN2. 

Proposal 7:
Cell suitability check is a UE criteria to transition to Mode 2.
2.4 Mode 2 Resource Pool Selection

A UE in Mode 2 or transitioning to Mode 2 should not automatically default to preconfigured resource pool, as this could lead to significant interference to other in-coverage UEs. 
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Figure 2 Alternative means for signalling of D2D Resource Pool Configuration
In one scenario for example, the UE may have declared RLF but still be in-coverage of the eNB.  In this case the UE should not use pre-configured resources, because those may cause interference to other nodes. In another scenario, as shown in Figure 2, UE4 is itself out-of-coverage, but be in the vicinity of the cell edge. In this case as well, using preconfigured resource pool by this UE could cause interference to uplink transmissions of nearby incoverage UEs. 
Observation: In order to minimize interference with other cellular and D2D UEs, it is beneficial to have the eNB is able to control the D2D resources used by the UE as much as possible. 

Figure 2 shows the alternatives ways of receiving resource pool configuration: resource pool can be obtained from dedicated or broadcast messages signaled by the eNB, forwarded from neighboring in-coverage UEs,  from neighboring out-of-coverage UE and/or from a pre-configured resource pool.

When operating in Mode 2, the UE needs to carefully select the resource pool, prioritizing resources provided the network.  A simple procedure may be defined to perform resource pool selection based on explicit prioritized rules as below:

1. Network resouces as configured on the SIBs, if available

2. Resources configured by network obtained through a synchronziation message

3. Resources configured by synchronization head obtained through a synchronization message
4. Pre-configured resources

Proposal 8: Agree on the prioritization rules to select resource pool in Mode 2.
3 Conclusion

This paper discusses the procedure of mode selection and triggers to perform mode selection based on the coverage conditions of the device. Additionally, in case of Mode 2, we discuss the resource selection requirements and suggest suggest priorities for resource selection.
In summary, we propose the following:

Proposal 1: 
Only In-coverage UEs can be configured to use Mode 1.  Edge-of-coverage or Out-of-coverage UE use transmission mode Mode 2.
Proposal 2: 
Existing LTE radio link failure and RRC connection establishment procedure success/failure are used as criteria together with DL RSRP measurements by the D2D enabled UE to determine the coverage state.
Proposal 3: 
Existing LTE radio link failure is a criterion to select Mode 2.

Proposal 4: 
The need for additional criteria (e.g. conditions T1 and T2 listed as example above) for RRC_CONNECTED D2D enabled UEs should be discussed in RAN2. 
Proposal 5:
RRC connection establishment procedure is a criterion to select Mode 2.
Proposal 6: 
The need for additional criteria (e.g. shorter T300) for RRC_IDLE D2D enables UEs should be discussed in RAN2.
Proposal 7: 
Cell suitability check is a UE criteria to transition to Mode 2. 

Proposal 8: 
Agree on the prioritization rules to select resource pool in Mode 2.
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