Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #86
Tdoc R2-142685
Seoul, Korea, May 19th - 24th, 2014
Agenda Item:
7.4.3.1
Source:
InterDigital Communications 

Title:
Mode Selection for D2D Communications
Document for:
Discussion
1 Introduction
The following agreements were made in RAN2 #85bis in regards to mode selection for D2D scheduling assignments (see also [1], [2]):

	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”. 




In the recent email discussion RAN2 85bis #19 [4], several views were expressed on possible triggers that can be used for mode switching, but no conclusion could be reached on the exceptional cases. 

In this contribution, we present our view on how mode switching could be achieved for exceptional cases. 
2 Discussion
2.1 Mode Selection during Normal Operation
2.1.1 DL power based Triggers 

For in-coverage UEs, we have already agreed that the UE should use the D2D resource mode that is explicitly configured by the eNB. Thus, under normal conditions, the selection of mode used for D2D resources and switching between Mode 1 and Mode 2 should be under the direction of the eNB. 
Proposal 1: Under normal conditions, the mode selection and switching for D2D resources for in-coverage UEs is only performed under explicit eNB command. 

One approach suggested during the email discussion is to determine the appropriate mode of operation for the UE is to rely on DL RSRP [4]. During normal operation, DL RSRP based UE measurements can be useful to determine the DL link condition at the UE, and trigger mode change if necessary. 

However, in a properly provisioned network, under normal conditions, link degradation in the downlink should trigger a handover or cell re-selection, and it is not desirable for the UE autonomously change mode of operation during these procedures, to avoid frequent ping-pongs.

Thus, we believe the DL power based triggers should be reported to the eNB, and the mode selection should be performed at the eNB, since the eNB has a complete view of all the ongoing procedures for a particular UE.
Proposal 2: Agree that UE may be configured with DL power based measurement events to support mode switching decision at the eNB.
Existing measurement events could be re-purposed (e.g. A2 or A4) to configure the UE to send a measurement report when the appropriate DL threshold is reached, and the eNB can send a command to the UE to switch modes, if necessary.

2.2 Mode Selection during Exceptional Cases
In our understanding, for critical public safety use cases, the key requirement is to allow urgent D2D communications to occur with minimal delay, and thus, there is a need to quickly handle error situations when the UE is unable to obtain resources from the network, so critical communications are not delayed. 

These error situations could occur in certain exceptional cases, for e.g. when the UE is unable to communicate in the uplink, even though the cell is a suitable cell (for IDLE UEs) or a serving cell (for CONNECTED UEs). In the recent past, we have had several discussions when such scenarios can occur in deployments, i.e. scenarios when the DL and UL channel conditions are different. For example, due to interference or in hetnet deployments a pico UE may have a good DL link but suffer significant uplink interference from a neighboring macro UE. 

2.2.1 UE autonomous triggers 
For a UE configured to operate in Mode 1, these error situations should be considered as exceptional cases, and UE should be allowed to autonomously select resources using Mode 2, even when the camped cell is suitable (for IDLE UEs) or still a serving cell (CONNECTED UEs). 

However, we need to carefully define guidelines so the UE autonomous operation is restricted only to necessary error conditions.
Additionally, we note that the permission to use Mode 2 in such situations implies the UE will over-rides the network preference. Thus, the autonomous operation should be restricted only for the duration of the failure, and thus associated with a expiry time. At the expiry of this duration, the UE should be required to resume normal operation, and attempt to contact the eNB to obtain Mode 1 resources, if new D2D resources are required.
Observation 1: There is a need to carefully define guidelines to ensure in-coverage UE autonomous mode selection behavior is only used for the duration of the error condition.
2.2.2 UEs operating in RRC_CONNECTED 
Since the current specifications support effective means to monitor the UE conditions in both downlink and uplink, existing Radio Link Failure detection should be used as a baseline procedure to detect these error conditions.
The existing radio link monitoring procedure detects issues in downlink and/or uplink based on the following three main triggers:
	From 36.331, Section 5.3.11.3

The UE shall:

1>
upon T310 expiry; or

1>
upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from RLC that the maximum number of retransmissions has been reached:

2>
consider radio link failure to be detected;




As a baseline, the existing radio link failure mechanism should be used to allow the UE to perform Mode selection, for e.g. when the UE is allowed to use Mode 2 when one or more Radio Link Failure conditions are detected. 
A simple trigger condition could be specified to support this criteria:

Trigger 1: If D2D tranmission is pending when any Radio Link Failure condition is detected (i.e. T310 expiry, RACH failure or RLC re-tx failure), the UE is allowed to use Mode 2 resources for a pre-configured duration. 
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Figure 1 UE Mode Selection Based on Trigger 1
Proposal 3: Agree to use existing LTE radio link failure conditions (for example, Trigger 1)  as a baseline criterion to perform UE autonomous Mode Selection for D2D CONNECTED UEs.

One issue with the use of Radio Link Failure and recovery procedure defined for D2D mode selection is the possibly long delays associated with the associated timers.  For example, the expiry of timers T310, T311 and T301 will cause delays upto several seconds before Radio Link Falure is actually declared. 
When one or multiple of these triggers are detected in the UE, the UE will initiate the re-establishment procedure as shown in Figure 1 below. Thus, during the time when RLF and re-establishment timers are running, if urgent D2D data arrives in the buffers and/or BSR is triggered for high priority logical channel group priority, this data might be delayed significantly which the UE is unable to access the network. 
Observation 3: For RRC_CONNECTED mode devices, D2D transmissions may be significantly delayed if the UE waits for re-establishment failure to detect the need to transition to Mode 2.

If these delays are considered unacceptable, additional triggers may be defined to supplement the baseline methods.  For example, the following triggers based on modifications of existing conditions may be applied:  

Trigger 2: If high priority D2D data is arrives when RLF or re-establishment timers, for example T310, T311 or T301 are running, the UE is allowed to use Mode 2 resources till the timer is stopped or expire.
Proposal 4: Discuss the need for additional RLF based triggers (i.e. Trigger 2 as example above) to handle error cases for RRC_CONNECTED UEs. 
If re-establishment is unsuccessful, the UE will transition to RRC_IDLE, and may continue to use Mode 2 resources for preconfigured duration. It should then attempt to establish RRC Connection to the network (as discussed in Section 2.2.3).
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Figure 2 UE Mode Selection Based on Trigger 2
2.2.3 D2D enabled UEs operating in RRC_IDLE 
The eNB might configure all the UEs in the cell to attempt to use Mode 1 for D2D within the cell. The RRC_IDLE UEs camped normally to a suitable cell would need to perform RRC Connection establishment to obtain Mode 1 resources.  
Similar to discussion for CONNECTED UEs, there could be error scenarios when the UE is unable to perform RRC Connection establishment. In such error situations, the UE should also be allowed to autonomously transition to Mode 2. 
As a baseline, we suggest a simple trigger could be as follows:

Trigger 3: If the D2D data is pending when the T300 timer expires, the UE should be allowed to use Mode 2 resources for a pre-configured duration.
Proposal 5: Agree to use existing LTE RRC Connection Establishment Failure (for example Trigger 3) as a baseline criterion to perform UE autonomous Mode Selection for IDLE UEs.
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 only declared when T300 expires, and the maximum value of timer is upto 2s.  Or, the UE may be barred from accessing the cell (i.e. wait timer T302 is running). For public safety applications, this delay may be unacceptable. 

Observation 3: 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.  
Trigger 4: If high priority D2D data is arrives when connection establishment wait timers, e.g. T300, T302 are running, the UE is allowed to use Mode 2 resources till the timer is stopped or expire.
Proposal 6: Discuss the need for additional criteria (for example, Trigger 4 provided above) for RRC_IDLE D2D enabled UEs. 
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.
3 Conclusion

This paper discusses the procedure of mode selection and triggers to perform mode selection based on the coverage conditions of the device. 

In summary, we propose the following:

Proposal 1: Under normal conditions, the mode selection and switching for D2D resources for in-coverage UEs is only performed under explicit eNB command. 

Proposal 2: Agree that UE may be configured with DL power based measurement events to support mode switching decision at the eNB.

Proposal 3: Agree to use existing LTE radio link failure conditions (for example, Trigger 1)  as a baseline criterion to perform UE autonomous Mode Selection for D2D CONNECTED UEs.

Proposal 4: Discuss the need for additional RLF based triggers (i.e. Trigger 2 as example above) to handle error cases for RRC_CONNECTED UEs. 
Proposal 5: Agree to use existing LTE RRC Connection Establishment Failure (for example Trigger 3) as a baseline criterion to perform UE autonomous Mode Selection for IDLE UEs.
Proposal 6: Discuss the need for additional criteria (for example, Trigger 4 provided above) for RRC_IDLE D2D enabled UEs. 
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