
3GPP TSG RAN WG1 Meeting #75

                                                       R1-135094
Guangzhou, China, 7th – 11th October 2013
Source:
CATT
Title:
Resource allocation for D2D communication
Agenda Item:
6.2.8.1.3
Document for:
Discussion and Decision

1. Introduction
In RAN1 #74 meeting, the resource allocation methods for D2D communication were discussed and the following agreements [1] were given:

Conclusions: Aspects of D2D communication on D2D link needing study/decision:

· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

In general, the potential two resource allocation methods for D2D communication are scheduling based manner and contention based manner [2]. In this contribution, we further discuss the resource allocation mechanism for D2D communication.
2. Discussion

2.1. Scenarios for D2D communication

In general, there are four scenarios for D2D communication[3], as shown in Figure 1. When UE1 has a role of transmission, UE1 sends data and UE2 receives it. UE1 and UE2 can change their transmission and reception role. The transmission from UE1 can be received by one or more UEs like UE2.
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Figure 1: Scenarios for D2D communication [3]

In scenario 1A, where all the D2D UEs are out of network coverage, if a D2D UE can act as a CH (Cluster Head) which is capable of resource scheduling and providing synchronization reference. The CH has the similar functionality as eNB. Then the scenario 1A can be divided into four sub-scenarios, as shown in Figure 2.
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Figure 2: Sub-scenarios for scenario 1A
With the consideration of scenarios in Figure 1 and sub-scenarios in Figure 2, coverage in this contribution indicate the cases provided by eNB or CH. Within coverage and partial coverage correspondingly indicate the scenarios with eNB or CH.
The resource allocation mechanism needs support all above scenarios. In out of coverage scenario, as shown in Figure 2-1, there is no CH providing resource scheduling functionality, then D2D UE transmission is operated in contention based manner. In within coverage scenarios, as shown in Figure 1-3 and Figure 2-3, D2D UE transmission can be scheduled by eNB/CH. In partial coverage scenarios, as shown in Figure 1-2 and Figure 2-2, UE1’s transmission can be scheduled by eNB/CH, where UE2 can occupy the resource in contention based manner. For partial coverage scenario, if there is no interference coordination mechanism between eNB and UE2, UE2 may occupy the resource which has been assigned for UE1 transmission by eNB/CH, hence the D2D link performance may be degraded. The details of resource allocation and interference coordination mechanism are provided in following section. In scenario-1D and sub-scenario 1A-4, which involve the resource and interference coordination across eNBs/CHs, the details of resource allocation and interference coordination mechanism are also provided in following section.
Based on the above analysis, in order to support all the above scenarios, especially for partial coverage scenarios, the resource allocation mechanism for D2D communication shall jointly consider both contention based and scheduling based manner.
Proposal 1: The resource allocation mechanism for D2D communication shall incorporate both contention based and scheduling based manners.
2.2. Resource allocation mechanism for D2D communication
As discussed in [4], in order to avoid the interference between UEs within coverage and out of coverage of eNB/CH, the resource in D2D link can comprise two parts in time-domain by eNB/CH: contention part and contention free part. In order to facilitate the description of resource allocation mechanism, a super frame structure of D2D link including contention and contention free parts is shown in Figure 3. 
· Contention part: In the contention part, D2D UEs can occupy the resource in contention based manner. For example, in partial coverage, as shown in Figure 2-2, UE2 can transmit data in contention part through contention based manner which can avoid the interference to contention free part, while D2D transmission in contention free part is scheduled by eNB/CH, which shall be protected with higher priority.

· Contention free part: In contention free part, D2D UEs can occupy the resource in scheduling based manner which are controlled by eNB/CH. For example, in partial coverage, as shown in Figure 2-2, UE1 can transmit data in contention free part through eNB/CH scheduling. UE1 can also transmit data in contention part through contention based manner.
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Figure 3: Super frame structure of D2D link
In case that an eNB acts as a CH, the super frame structure is indicated by system broadcast information by eNB. In case that a D2D UE acts as a CH, the super frame structure is indicated in PD2DSCH by the D2D UE. 

Proposal 2: The resource of D2D link shall include two parts which can be preconfigured or configured by eNB/CH: 
· Contention part: In the contention part, D2D UEs can occupy the resource in contention based manner.

· Contention free part: In contention free part, D2D UEs can occupy the resource in scheduling based manner which are controlled by eNB/CH.
With the contention and contention free parts in super frame structure of D2D link, the D2D UE out of coverage does not know the resource for contention and contention free parts as it may not be able to receive indication from CH or eNB. Then the super frame structure information can be transmitted by D2D UEs within coverage when the D2D UEs need transmit data in D2D link. And then D2D UEs out of coverage can obtain the super frame structure through monitoring the transmission from the D2D UEs within coverage. When the D2D UE out of coverage needs to transmit data, it can transmit the data and the super frame structure information in contention part by contention based manner. The super frame transfer procedure is shown in Figure 4.
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Figure 4: Super frame transfer procedure
The resource partition for partial coverage is shown in Figure 5. UE1 can transmit data in contention free part through eNB/CH scheduling, or transmit data in contention part by contention based manner. UE2 can only transmit data in contention part by contention based manner.
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Figure 5: Resource partition for partial coverage
In the scenario-1D and sub-scenario 1A-4 involving resource and interference coordination across eNBs/CHs, the above resource allocation mechanism can also be used. The D2D UEs within CH1 don’t know the resource for contention and contention free parts which is indicated by CH2. In these scenarios, the super frame structure information of CH1 can be transmitted by D2D UEs within CH1 coverage when the D2D UEs need transmit data in D2D link. And then D2D UEs within CH2 can obtain the super frame structure information of CH1 through monitoring the transmission from the D2D UEs within CH1 coverage. Similarly, D2D UEs within CH1 can obtain the super frame structure information of CH2 through D2D UEs within CH2 coverage. As shown in Figure 6, for UE1 and UE2 that can obtain the super frame structure of other cluster, it is better to transmit data in the overlapped contention part. For UE3 that cannot obtain the super frame structure of other clusters, both the contention part and contention free part can be used.
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Figure 6: Resource partition between two eNBs/CHs

Based on the above analysis on the resource and interference coordination mechanism in above scenarios, the information about contention and contention free parts carried by D2D transmission can benefit for D2D resource and interference coordination. 

Proposal 3: The information of contention and contention free parts shall be included in D2D transmission, which can benefit the resource and interference coordination for D2D communication. 
3. Conclusion 

In this contribution, we discuss the resource allocation mechanism for D2D communication. Particularly, we have the following proposals: 
Proposal 1: The resource allocation mechanism for D2D communication shall incorporate both contention based and scheduling based manners.

Proposal 2: The resource of D2D link shall include two parts which can be preconfigured or configured by eNB/CH: 
· Contention part: In the contention part, D2D UEs can occupy the resource in contention based manner.

· Contention free part: In contention free part, D2D UEs can occupy the resource in scheduling based manner which are controlled by eNB/CH.
Proposal 3: The information of contention and contention free parts shall be included in D2D transmission, which can benefit the resource and interference coordination for D2D communication. 
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