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1 Introduction
At current stage many things are unclear in D2D communication. We believe minimum function (or most critical function) should be discussed first to guarantee basic communication ability for D2D. This document introduces our view on minimum function. This document mainly discusses out-of-coverage case. Our aim is to have some more commonality of the behaviour among out-of-coverage, in-coverage and partial coverage but to discuss all situation at the same time could lose the focus of the investigation/discussion. As the system design principle of out-of-coverage could be more different compared with in-coverage and partial coverage. We start the investigation/discussion on out-of-coverage here. Therefore, some part of the discussion may need to be adjusted later when we take into account the case of in-coverage and partial coverage. 

2 Discussion
We think following aspects are minimum functions and should be discussed first, 

· Master-slave structure 
· Master selection /re-selection
· Group forming/member management 
· Synchronization/Master UE detection 
· Coarse resource scheduling 
· Duplex mode/multiple access/radio frame structure
· Unicast-groupcast transition
· Power control 
In the following we would introduce the details for each function.
2.1 Master-slave structure 
Compared with peer-to-peer structure, where all UEs are equal conditions, we think master-slave structure, where one UE behaves as master, is preferable to be supported considering spec impact, member management and so on. The detailed comparison between master-slave and peer-to-peer could refer to our companion contribution [1].
Assuming master-slave structure is agreeable, next step needs to consider is how to realize slave-to-slave communication. Basically there are two approaches to support slave-to-slave communication, 
Approach 1) No direct slave-to-slave communication and master UE routes everything (including unicast and groupcast) 

Approach 2) Direct slave-to-slave (including unicast and groupcast) is supported 
For approach 1), master UE’s power consumption increases as everything should be routed by master UE. In approach 2), slave-to-slave may not be always available due to path loss or interference wall and so on. From resource utilization point of view, approach 1) could consume two times time/frequency resources but it allows multiple links between master and slaves are FDMed even UE is half duplex. In approach 2) FDMed multiple links among slave-to-slave communication could have restriction on the paired link of UEs as half duplex UE cannot simultaneously transmit and receive it. Therefore, which one is more efficient is not obvious at this moment. We also should discuss whether to support both master routing and direct slave-to-slave. So we propose 
- FFS on supporting master routing only or direct slave-to-slave under master-slave structure  

2.2 Master selection / re-selection
We think master UE selection need consider three cases, 

Case 1) Initial master selection when UE joins (only for new joined UE)

Case 2) Passive master selection (e.g., slave UE has to select new master UE when master UE is down/left/broken) – for all slave UEs
Case 3) Active master selection (e.g., current master UE has low power or coverage is not good or not stable so slave UE wants to re-select an optimal master UE although D2D system is still workable) - for all slave UE

The master selection method may be different for each case. For case 1, new joined UE will detect master UE. If the UE does not find master UE, such new UE will become master UE. If the UE found master UE, then such UE will join the group and become slave UE. The master UE would be the one that arrived earliest in such group. In this sense, this master UE is not optimal. Case 3) could be triggered to find more suitable master UE. As current master UE is still workable (not urgent to find optimal master UE), time is not that critical. 

Case 2) is an emergency treatment so quickly find a master UE instead of the optimal master UE is more important. So earliest slave UE (who came into this group) or the latest slave UE who may send the heart beat message/signal could be selected as new master UE to quickly recover system. Another way is we select one back-up master UE in advance and such UE will be triggered once current master UE does not work.   
2.3 Group forming/member management 
Group forming and member management are more like RAN2 topics. In Bluetooth [2], it could support 7 active slaves and 256 parked slaves. In D2D communication, the requirement of group number is not clear. 

It may be necessary for master UE to broadcast group member information to all slave UEs, e.g., joining time, slave UE ID, current status and so on. Another thing is slave UE is necessary to send heart-beat message/signal periodically (or by poke and reply mode) to master UE who wants to know each member status. The heart-beat message could reuse PSS/SSS or send a high-layer signalling. 
2.4 Synchronization/Master UE detection 
We think PSS/SSS/PRS could be reused for synchronization/Master UE detection. The difference is PRS based scheme would require external source of synchronization like GPS in order to have feasible complexity of UE but PSS/SSS like signal could be used for asynchronous timing detection. So PSS/SSS could be the baseline if external source of the timing cannot be used.. But master UE ID should be distinguished from current cell ID. As potentially there are quite a lot D2D users, ID space indicated by PSS/SSS need to be extended. In this sense, there could be four approaches,

Approach 1: Increase the PSS sequences from 3 to X

Approach 2: Increase the cyclic (phase) shift for each PSS sequence but without increasing PSS sequences

Approach 3: Increase the SSS phase shift number  

Approach 4: Combination of approach 1-3
More detailed considering on D2D synchronization could refer to our companion contribution [3].
2.5 Coarse resource scheduling 
Coarse resource scheduling could be used for groupcast communication and regarded as enhancement of SPS. To allocate the resource for each transmission could be too much control information. Here we assume no fast MCS selection for groupcast. Continuous, aperiodic, or some hopping mode need to be supported to realize flexible and robust transmission, as shown in Fig.1. Although the main target of such feature is groupcast communication, it could be used for unicast as well. Another point is predefined time or transmission life for coarse resource scheduling is defined. Such approach could save the signalling for deactivating or releasing. 
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Figure 1 coarse resource allocation examples in D2D
2.6 Duplex mode/multiple access/radio frame structure
Duplex mode
Current conclusion is D2D transmission/reception does not use full duplex on a given carrier based on RAN1 #73 chairman notes so half duplex is the basic assumption in D2D transmission. 
Multiple access technology
OFDMA based downlink framework is considered as multiplex access technology considering 1) it is easier/cheaper to support OFDMA in transmitter than supporting SC-FDMA in receiver 2) Master UE has to send control (e.g., DCI, system information, RRC) so uplink framework in normal LTE needs big modification 3) realize economics of scale factor with the minimum cost increase in base band. If PPDR (Public Protection and Disaster Relief) UE which has higher transmission power is the assumption for D2D UE, coverage restriction on OFDMA compared with SC-FDMA is less  problem. That could be another reason.  
Radio frame structure
As half duplex is the basic assumption on duplex mode, re-using TDD-like configuration is natural choice. But current TDD configuration may not be flexible enough to support D2D communication. So enhancement on TDD configuration by very flexible ratio between master to slave and slave to master (or slave to slave) is suggested.  
2.7 Unicast-groupcast transition
In D2D communication, unicast and groupcast may be transited often due to member/traffic variation so fast transition between unicast and gropcast may be beneficial. As shown in Fig.2 and Fig.3, when UE is joined or left, original communication type (unicast or groupcast) becomes unsuitable. RRC indication based transition is not recommended as such transition has large delay. So L1 signaling based approach (e.g., re-using unused fields in DCI to indicate communication type and transited groupcast/unicast ID) is beneficial.  
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Figure 2 Transition from groupcast to unicast  
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Figure 3 Transition from unicast to groupcast  
2.8 Power control
All communication in D2D communication (without NW coverage) are by UEs. All links should consider power control for more spatial multiplexing and more power saving. There are three links totally in D2D communication (it could be four if distinguish further on uplink/downlink for slave to slave communication). One is master UE to slave UE. Another is slave UE to master UE. The third link is slave to slave. For different link, the power control scheme may be different. For example, open-loop power control (alpha and P0) could be considered for link from master UE to slave UE. For slave to master or slave to slave, close-loop power control (via TPC command) could be considered. Another approach is power control schemes depend on communication type. For example, groupcast is only considering open-loop power control but unicast will consider closed-loop power control regardless of the link is from master to slave or slave to slave.
3 Conclusion
In this document we investigated/discussed minimum functions for D2D communication mainly for out-of-coverage. We think stepwise discussion is useful to support all out-of-coverage, in-coverage and partial-coverage. We propose following functions should be discussed and supported first,

· Master-slave structure 
· Master selection /re-selection
· Group forming/member management 
· Synchronization/Master UE detection 
· Coarse resource scheduling 
· Duplex mode/multiple access/radio frame structure
· Unicast-groupcast transition
· Power control
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