
3GPP TSG RAN WG1 Meeting #78
R1-142839
Dresden, Germany, 18th– 22nd August 2014

Agenda Item:
7.2.3.2.1
Source:
Huawei, HiSilicon

Title:
Mode 2 resource allocation for D2D
Document for:
Discussion and decision

1 Introduction

At RAN1 #76, two modes were defined for D2D communication resource allocation [1]. For Mode 2 communication, the resources used for direct transmission are selected by UE itself from a resource pool. How to select resources for a D2D UE is discussed in this contribution. In particular, we provide further details of Mode 2 resource allocation, including the resource pool design, the resource selection procedure, and the congestion control mechanism. Our companion contribution [2] evaluates different resource selection schemes in terms of collision probability and resource utilization.
2 Resource pool design
In this section, we discuss the resource pool design, including:

· how to configure the resource pool
· whether the transmission resource pool and reception resource pool is the same or different
· whether the SA resource pool and data resource pool should be common or separate

Resource pool configuration
The resource pool can be either pre-configured or semi-statically allocated. As agreed in RAN1 #76 meeting, D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage scenarios. For the out-of-coverage scenario, a pre-configured resource pool should be defined since there is no centralized controller to indicate the information of resource pool. For edge-of-coverage scenario, eNB can semi-statically allocate a Mode 2 resource pool to D2D communication capable UEs. This can be beneficial because it gives more flexibility to the operator: when there is little or no Mode 2 D2D traffic, a minimum or no amount of resources can be allocated. When there is a high demand for Mode 2 traffic, a larger pool can be configured. Therefore, both pre-configuration and semi-static allocation of Mode 2 resources need to be supported.
Proposal 1: Resource pools of SA and data for Mode 2 are pre-configured. Additionally, the eNB can semi-statically allocate Mode 2 resources.
Are transmission and reception resource pools the same?
For Mode 2 communication, the resources used for transmission can be selected by UE itself from the pre-configured and/or semi-statically allocated resource pool. The receivers need to at least monitor the resources which all the transmitters have the possibility to transmit, i.e. they should monitor all the transmission resource pools. So a reception resource pool containing all the transmission pools could be pre-configured and/or semi-statically allocated for Mode 2 receiving UEs to monitor. The reception and the transmission resource pools can be differently pre-configured or semi-statically allocated. 
Proposal 2: The reception resource pool and the transmission resource pool can be differently pre-configured and/or semi-statically allocated. 
Same resource pool for SA and data?
The amount of resources needed for SA transmission and data transmission are potentially very different, thus having different resource pools seems beneficial. In addition, having different resource pools reduces the UE power consumption since the UE can monitor for SAs, and if there is no SA for that particular UE, it can then avoid monitoring the data pool. Thus, having different pools for SA and data is preferred.
Proposal 3: Resource pool for SA and data are separate.
3 Resource selection procedure
In this section, we provide a resource selection procedure including sensing and random selection. After synchronization is obtained, the main procedure for a Mode 2 transmitter is shown in Figure 1.
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Figure 1: Mode 2 resource selection procedure
For Mode 2 UEs, some high-level steps can be defined: sense, select, announce/judge, and transmit. Different combinations of the steps are listed as:
Option 1: Select -> Transmit

Option 2: Sense-> Select -> Transmit

Option 3: Select -> Announce/Judge -> Transmit

Option 4: Sense-> Select -> Announce/Judge -> Transmit

Performance comparisons among these four options are provided in [2].

3.1 Sense
Without sensing, or more generally listening before transmitting, each transmitting UE would randomly select a resource, while not being aware of which resources are already occupied and which resources are available. The collision probability of pure random selection is large as analyzed in [2]. Listening before transmitting alleviates this collision problem. 
Each transmitting UE may measure all the resource units in the resource pool and determine the energy/SNR/SINR on each of them to determine if there is a close-by UE transmitting. If the energy/SNR/SINR level “X” is beyond a predefined threshold X0, then the resource should be considered as occupied, otherwise it is available. Through sensing, UEs can know which resources are already occupied by other transmitters and which resources are available. Only the available resources can be selected for direct transmission. Sensing can be performed for every N SA periods which N can be at least one SA period. 
Based on the analysis above, sensing parameters can be pre-configured. Such parameters may include: 

· X0: sensing thresholds for SINR/SNR/energy
· N SA periods: sensing duration as discussed above
Proposal 4: A UE resource selection is based on sensing the channel for at least one SA period.
Proposal 5: Sensing parameters can be pre-configured. Such parameters may include: 

•
X0: sensing thresholds for SINR/SNR/energy

•
N SA periods: sensing duration
3.2 Select
UEs can obtain a set of available resources in the current period through sensing. Then they can randomly select some resource units from the available resources set as shown in Figure 2. The D2D communication resource size of a resource unit needs to be configured by the eNB for edge-of-coverage or predefined when out-of-coverage. The maximum resource units which can be selected by a transmitting UE should be limited. For example, for VoIP, the transmitting UE should be allowed to select a single resource unit in an SA period.
Figure 2, shows the resources occupied by UE A and UE B. Other resources in the data resource pool within the period can be regarded as available for other transmitters. For example, the resources in yellow are selected by UE C.

[image: image2.wmf]SA Period

Occupied by 

UE A

Occupied by 

UE B

t

f

SA resource 

pool

data resource 

pool

Selected by 

UE C


Figure 2. Sense and select
Proposal 6: D2D communication resource for a Mode 2 UE is defined by:

· D2D communication resource unit size
· The maximum resource units for the transmitting UE to select
3.3 Announce/Judge
If two or more UEs select the same resource, a collision happens. The transmitters do not know that a collision happened since there is no closed-loop feedback mechanism. Thus, guaranteeing QoS with contention-based resource allocation can be an issue. The announce/judge mechanism is useful to solve this issue. 

To alleviate the collision, before a transmitter can transmit on a specific resource, it announces to let others know about the selected resource and also receive other transmitters’ announcements besides its announcement. Each Tx UE can select one instance to announce within several announcement instances before transmission and receive at the other instances to obtain the reserved resources by other transmitters. Then the UE can judge whether there are some other transmitters who have announced the same resource. If so, it cannot use the resource for D2D transmission and should select another resource from the set of unannounced resources (A-A∩B as shown in Figure 3). If there is only the transmitter itself who announces the specific resource while no other transmitters have announced the same resource, the UE can transmit in the next period. Announcement can be introduced to reduce the collision probability in the SA. 1 bit in the SA can be used to indicate whether the SA points to resources used for transmission or reserved for transmission in the next SA period.
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Figure 3. Resource set for reselection
Proposal 7: Announcement reduces the collision probability. 1 bit in the SA is used to indicate whether the SA points to resources used for transmission or reserved for transmission in the next SA period.
3.4 Transmit
Finally, a Mode 2 transmitting UE can transmit data on its selected resource which will indicate to the receivers on a related SA resource. The UE can transmit on the same data resources or some known resources derived by the first transmission according to the frequency hopping pattern in the following several SA periods to avoid frequent contention. The maximum duration of time will have to be standardized, e.g. 5 periods. After the maximum duration of transmission time elapsed, the UE should release the resources. To control the load, sensing statistics can be taken into account. Based on the sensing result, the UE can choose the amount of time and/or how frequent it will transmit. For instance, if it has seen that 90% of resources have been occupied on average, it will transmit for a shorter period of time (e.g., in one SA period) or it may skip contending for transmission in some of the transmission opportunities (i.e., some SA periods), whereas if it has seen only 10% of resources have been occupied on average, it will transmit for a longer period of time (e.g., up to maximum allowed duration of 5 SA periods) or contend for transmission more often if needed. During the transmission of the UE which has obtained the resource, other UEs performing sensing on the resource consider that resource occupied and will not announce that resource. When the UE stops transmitting in one period, it releases the resource, and the resource will be available for other UEs who can try to obtain the resource as described above.

Based on the above discussions, we have the following proposal:

Proposal 8: A Mode 2 transmitting UE can transmit on a deterministic set of data resources for several SA periods to avoid frequent contention.
Proposal 9: A Mode 2 UE can choose how often to contend for transmission or the number of consecutive SA periods to transmit based on the statistics of sensing results.

4 Conclusion

In this contribution, we discussed the further consideration for Mode 2 resource allocation, including the resource pool design for Mode 2, the procedure of Mode 2, and proposed congestion control mechanism. Based on the above discussion, we have the following proposals:

Proposal 1: Resource pools of SA and data for Mode 2 are pre-configured. Additionally, the eNB can semi-statically allocate Mode 2 resources.
Proposal 2: The reception resource pool and the transmission resource pool can be differently pre-configured and/or semi-statically allocated. 
Proposal 3: Resource pool for SA and data are separate.
Proposal 4: A UE resource selection is based on sensing the channel for at least one SA period.

Proposal 5: Sensing parameters can be pre-configured. Such parameters may include: 

•
X0: sensing thresholds for SINR/SNR/energy

•
N SA periods: sensing duration
Proposal 6: D2D communication resource for a Mode 2 UE is defined by:

· D2D communication resource unit size
· The maximum resource units for the transmitting UE to select

Proposal 7: Announcement reduces the collision probability. 1 bit in the SA is used to indicate whether the SA points to resources used for transmission or reserved for transmission in the next SA period.
Proposal 8: A Mode 2 transmitting UE can transmit on a deterministic set of data resources for several SA periods to avoid frequent contention.
Proposal 9: A Mode 2 UE can choose how often to contend for transmission or the number of consecutive SA periods to transmit based on the statistics of sensing results.
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