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1 Introduction

In the last RAN2 meeting (RAN2#83), D2D communication was discussed in the D2D SI. RAN2 has progressed in some topics, e.g. assume that D2D direct communication cannot be restricted to a dedicated carrier.

Which MAC mechanism, coordinated scheduling or CSMA-like, should be used for D2D communication was discussed briefly, but not decided. Some companies expressed a preference for CSMA, considering it to be relatively simple compared to scheduling.
In this contribution, we will explore the CSMA mechanism and will discuss the possibilities to implement a CSMA-like MAC in LTE D2D communication systems. 

2 CSMA vs. Coordination
2.1 Introduction of CSMA
CSMA (Carrier sense multiple access) is a random access media access control (MAC) protocol in which a node verifies the absence of other traffic before transmitting on a shared transmission medium. CSMA’s variant CSMA/CA is well-known for its implementation in 802.11/WiFi networks. The procedure of CSMA/CA used in WiFi is illustrated in Fig.1, in which, each station politely performs a random backoff period before attempting to transmit a packet.
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Fig.1 CSMA/CA procedure in WLANs
However, it is possible for two or more stations to end their backoff procedure at the same time, and a collision occurs in this situation (see Fig.2). The more UEs that compete to transmit their packets on the channel, the more the collision probability the system suffers, and the less efficient the system will become.
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Fig.2 Collisions in the CSMA/CA system

Many papers have analyzed the performance of CSMA/CA. A well recognized analysis in [1] gives the normalized throughput shown in Fig.3. 
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Fig.3 Normalize throughput of WLANs (CSMA/CA used) with configurations (Initial contention window = 32, Maximum backoff stage = 3, Packet payload = 8184 bits, Channel bits rate = 1Mbps, No Hidden nodes)

From this analysis, we can see that with CSMA/CA, the system throughput drops dramatically as the number of stations/UEs increasing from 5 to 50. In a network with 50 UEs performing CSMA/CA, if the physical layer rate is 1Mbps, then only about 550Kbps will be obtained at the MAC layer, with each UE sharing about 11Kbps. The payload per packet used here is 8184 bits, however, for smaller packets (e.g. 320 bits for VoIP), the resulting system performance will be worse. This is because the overhead for transmitting a packet is almost independent of the packet size with CSMA/CA.
Basic CSMA without CA (collision avoidance) has a similar or worse performance when compared to CSMA/CA, because collision possibilities increase without collision avoidance.

Compared to CSMA, the coordinated scheduling MAC used in current LTE can achieve stable throughput, independent of the number of users. Furthermore, the system throughput increases with the number of UEs, because of scheduling diversity among UEs. User diversity gain is most significant for a small number of UEs (1 to 10 UEs) as shown in Fig.4.
Observation 1: With the CSMA-like MAC, the system efficiency drops dramatically as the number of UEs increases. With the coordinated scheduling MAC, system throughput is stable or increasing as the number of UEs increases.
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Fig.4 Impact of UE scheduling on LTE cell throughput (10MHz FDD, PF scheduler, 3GPP Case1)

A well-known problem in CSMA is the hidden node problem, as shown on the left of Fig.5. Station A and station C which cannot hear each other transmit packets to station B concurrently. Thus a collision occurs at station B. The number of hidden nodes increases as the density of UEs increases. With a coordinated scheduling MAC, the scheduler could be placed at a central node, such as station B, and collisions could be avoided. Furthermore, coordinated schedulers can adapt to heavy interference by selecting conservative MCS for transmission. 
Another problem for CSMA is the exposed node problem, shown on the right of Fig.5. Station C senses the ongoing transmission from station B to station A, and will not use the medium to transmit to station D even if this transmission will not cause any collision. The exposed node problem reduces the system efficiency.  With the coordinated scheduling MAC, the two transmissions can be scheduled concurrently.
Observation 2: The hidden node and exposed node problems exist in CSMA-like MAC and reduce the system efficiency. Such problems don’t exist in the coordinated scheduling MAC.
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Fig.5 Hidden node problem and Exposed node problem in CSMA
2.2 QoS
In older versions of WiFi implementing basic CSMA/CA (e.g. 802.11a/b/g), only one transmit queue is supported as shown on the left side of Fig.6. All the packets from different traffic flows (e.g. Http, voice, video, etc.) conform to the same CSMA/CA mechanism for transmission. Therefore, with basic CSMA, no QoS for prioritized traffic (e.g. voice) can be supported. The 802.11 MAC mechanism was enhanced to support QoS with the introduction of Enhanced Distributed Channel Access (EDCA), shown on the right side of Fig. 4. With this enhanced mechanism, higher priority traffic can have more transmission opportunities by configuring a set of more aggressive backoff parameters. However, even with EDCA the QoS of some prioritized traffic flows still cannot be fully guaranteed. The reason for this is twofold:

· The lower priority traffic compete for the transmission opportunities, and it is possible that the higher priority traffic flow still cannot obtain enough resources to guarantee its QoS.
· If too many prioritized traffic flows share a common carrier, it is possible that no flow has enough resources to guarantee its QoS.
In these aspects, coordinated schedulers perform much better than CSMA, by proactively assigning resources to prioritized traffic flows. This is critical to support voice, which is essential for public safety [2].
Observation 3: With the basic CSMA MAC, QoS cannot be guaranteed for prioritized traffic. This is critical to support voice, which is essential for public safety. Even with the enhanced CSMA MACs such as EDCA, QoS differentiation is still limited. With a coordinated scheduling MAC, the QoS can be guaranteed by the scheduler.
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Fig.6 QoS guarantee mechanisms with CSMA
2.3 Impact of Shared Carrier on MAC design
In RAN2#83 meeting, it was agreed that D2D communication cannot be restricted to a dedicated carrier. This means that D2D communication should support operation on a carrier shared with the LTE network. The problem is that, the existing CSMA-like MACs were not designed for this scenario, so that there is no existing CSMA variant that could be adopted directly, and be expected to work well with the LTE PHY and MAC. If we select a CSMA-like MAC for D2D communication, significant standardization effort will be required to design a new CSMA variant. However, a scheduled MAC can be adopted as an extension to existing scheduling approaches currently used by E-UTRAN (e.g. dynamic or semi-persistent resource assignment). For D2D communication in-network-coverage, the eNB can take the responsibility for scheduling, while for out-of-coverage scenarios, a soft controller or cluster head, can take this responsibility.  Therefore, much less effort would be required for the D2D MAC design.
Observation 4: The existing CSMA variants were not designed to operate on a shared carrier with LTE networks. Therefore, if CSMA is selected, significant effort will be required to design new MAC mechanisms.
3 Conclusion

In this contribution, we studied the CSMA mechanism, and the impact of selecting a CSMA based MAC for LTE D2D communication. We have the following observations:
Observation 1: With the CSMA-like MAC, the system efficiency drops dramatically with the UEs number increasing. With the coordinated scheduling MAC, the system throughput keeps stable or increasing with the UEs number increasing.
Observation 2: The hidden node and exposed node problems exist in CSMA-like MAC and reduce the system efficiency. Such problems don’t exist in the coordinated scheduling MAC.
Observation 3: With the basic CSMA MAC, QoS cannot be guaranteed for prioritized traffic. This is critical to support voice, which is essential for public safety. Even with the enhanced CSMA MACs such as EDCA, QoS differentiation is still limited. With a coordinated scheduling MAC, the QoS can be guaranteed by the scheduler.
Observation 4: The existing CSMA variants were not designed to operate on a shared carrier with LTE networks. Therefore, if CSMA is selected, significant effort will be required to design new MAC mechanisms.
Based the discussions and observations in this paper, incorporating CSMA into LTE would entail significant study effort and redesign of the PHY and MAC. Given the known drawbacks of CSMA as a medium access control mechanism, and the superior performance of scheduling, we propose to focus on scheduled medium access control mechanisms for D2D communications over LTE.

Proposal 1: RAN2 should focus on scheduled MAC mechanisms for D2D communications over LTE.
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