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1 Introduction
Based on latest chairman notes, additional enhancement and control mechanism on D2D communication will be discussed in RAN1 #73 meeting
Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to communicate directly. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize communication outside network coverage.

In this contribution we would like to share our views on potential control mechanisms on D2D communication.  
2 Discussion
Based on our understanding, the full communication procedure of D2D will include three steps as shown in Fig.1, step 1) Discovery step, step 2) D2D connectivity phase, and step3) Direct communication phase. The exact functional split between step 2 and step 3 needs further clarification, like whether D2D connectivity phase is on-demand based setup when there is some traffic or some more permanent nature of the logical setup procedure. The level of the involvement of the higher layer is also need to be clarified. This contribution discusses physical layer part of link set-up and direct communication which means the D2D discovery phase has been finished already. 
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Figure 1 procedure of D2D communication [1]
In addition, different use case would have different requirement on control mechanism design, so we also would like to analyze use case specific part.  

Broadcast/group-cast communication 

In public safety scenario, broadcast/group-cast communication is important use case used for group talk. In case of out of NW coverage, UE directly have to group talk to group of other users. On the other hand, in case of NW coverage, “network mirroring” is possible. In "network mirroring", UE sends the request/data to network in uplink, and network broadcast/group-cast the data to a group of users, as shown in Fig.2. The network plays a role of relay between D2D users. The network involvement may be only eNB for quick mirroring behaviour. This option fully utilizes the merits of network functionality, e.g. better antenna, better receiver and larger transmission power so that the UE can realize larger coverage and save the power consumption, compared with direct communication among the group of UEs.  
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Figure 2 eNB mirroring for group communication with NW coverage
HARQ/AMC is quite strong tool for data transmission with spectral efficient manner. Therefore, it should be available as much as possible also for D2D communication. On the other hand, for group communication, it is difficult to realize HARQ/AMC function as it require the knowledge of fast fading of multiple UEs and to obtain ACK/NACKs from multiple UEs. Note that slow fading based AMC based on the worst channel condition UE would be still possible depending on the feedback. In case of network mirroring, the link from UE to eNB is rather just normal uplink. Therefore, we expect it is possible to apply HARQ/AMC. On the other hand, the link from eNB to group of UEs is group communication and to apply HARQ/AMC based on the fast fading would be difficult. In case of direct group communication among UEs, to apply HARQ/AMC based on the fast fading would be also difficult. For group talk, the delay is quite important aspect in order to guarantee the voice quality, one reasonable option would be to assume semi-static MCS and no HARQ for group communication. 
Based on such analysis, we propose 
· Consider eNB mirroring based group communication with NW coverage 

· No HARQ/AMC for group communication for with/without NW coverage case
Unicast communication 
In case of NW coverage, whether unicast communication between users is better than NW involved communication is not yet so clear. For efficient direct unicast communication, how to realize spatial multiplexing among multiple D2D link is important. To do so, some improved link connection (step 2)) would be necessary. For example, the scheme used in FlashLinQ [2] is described as to extend the method of CSMA/CD (Carrier Sense Multiple Access/Collision Detection). The traditional CSMA/CD scheme is based on received signal power based criterion like RSRP measurement for LTE. Instead, SINR based criterion is proposed in [2]. In order to allow SINR based spatial resource sharing among multiple D2D link, transmitter and receiver send reference signal beforehand in order to check interference level and collision. Then actual traffic is transmitted. Such scheme is not network based scheduling but rather autonomous based scheduling. On the other hand, some help from the network may be necessary for example to control when to send such reference signals. This approach could potentially guarantee the efficient spatial multiplexing and could be applied for general scenario (e.g. commercial case) as well. 
Another issue to consider is to simplify some set-up procedures in D2D. For example, if we simply follow current LTE standard,  D2D UE would require several steps to transmit traffic in case of NW coverage, as shown in Fig.3. Thus the delay and control overhead is somehow large. So it is better for RAN1/2 to consider some simplified scheduling procedure. One reasonable approach is to realize coarse resource allocation, for example tens or hundreds of subframe level allocation instead of per-subframe level allocation as in current LTE system. This related to how often set-up procedure is involved.
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Figure 3 Scheduling procedure based on current LTE standard 
In addition, whether OFDM (downlink framework in LTE) or SC-FDMA (uplink framework in LTE) is used for D2D communication also needs some consideration. For UE baseband processing perspective, the receiver side functionality is larger than that of transmitter side. Therefore, OFDM based D2D receiver chain can simplify UE baseband functionality. The modification required to OFDMA based transmitter is much easier than to have SC-FDMA receiver in the UE. Although SC-FDMA based D2D communication can extend the coverage of D2D, we currently think to use OFDM based D2D would be better option in order to realize economics of scale factor with the minimum cost increase of UE. 
So here we propose 

· Consider improved link establishment mechanism in D2D communication 
· Consider some simplified procedures and coarse resource allocation in D2D communication 

· OFDM (current downlink technology) could be considered a candidate for D2D communication 
3 Conclusion
This contribution discussed potential physical layer options and enhancements for D2D communication. We have such proposals, 

· Consider eNB mirroring based group communication with NW coverage 

· No HARQ/AMC for group communication for with/without NW coverage case
· Consider improved link establishment mechanism in D2D communication 
· Consider some simplified procedures and coarse resource allocation in D2D communication 

· OFDM (current downlink technology) could be considered a candidate for D2D communication 
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