
3GPP TSG RAN WG1 Meeting #76                                                                        R1-140102
Prague, Czech Republic, 10th – 14th February 2014
Source:
CATT
Title:
Control for D2D communication 
Agenda Item:
7.2.8.1.2
Document for:
Discussion and Decision

1. Introduction
Control for D2D communication was discussed in RAN1#74bis and the following observations and conclusions were given as following:

Observations for further discussion: 
· Control signalling contents on D2D link may include (depending on the scenario): 
· resource allocation (within any available resources for D2D communication) 
· MCS indication 
· other items FFS 
· D2D resource configuration signalling is also needed… 
Conclusions: 
· For transmission of control signalling on D2D link, FFS between: 
· Separate physical channel for control signalling, e.g. similar to PUCCH 
· Multiplex control signalling into data channel, e.g. similar to UCI piggybacking on PUSCH, or at MAC level, or via DMRS. 
· FFS whether there could be only control signalling in this case 
In this contribution, the need of control for D2D communication is investigated firstly, followed by the detailed consideration of contents, structure and working procedure of control channel. The control mechanism focuses on the link between Tx and Rx UEs.
2. Discussion
For direct UE-UE communication, no matter the resource for transmission is scheduled by resource allocation centralized node or by each transmission UE, there could be two potential options for communication:

· Option 1: Decoding/detecting asynchronous communication data without any necessarily prior knowledge of the associated information/synchronization before transmission of communication
This option depends on distributed synchronization among D2D UEs. UEs need to monitor D2DSS on each potential communication resource in every TTI. Consistent monitoring at Rx UE costs much power and high complexity. Also asynchronized transmission would lead to more ICI than that of synchronized transmission.

· Option 2: Achieving information about the resource allocation and other items after synchronization between D2D UEs prior to transmission of communication
Centralized synchronization can identify D2D frame among D2D UEs to be synchronized. That provides the possibility to reduce complexity coming from consistent monitoring of D2DSS. Also, the aligned frame boundary can facilitate the partitioning of control and data transmission which can reduce complexity of blind decoding for data reception [1] and manage contention.
Proposal 1: Considering the cost of power and complexity, D2D communication with centralized synchronization is recommended.
Discussions in the following sections base on proposal 1. It is noted that although designs in this contribution assume centralized synchronization in a certain range, it can applied to asynchronized system, e.g. inter-cell. In out of coverage cases, D2DSS can be relayed to to extend synchronized area [3][4]. But in the inter-cell communication cases, Tx UEs use serving eNB’s D2DSS and asynchronization would happen when cells are not synchronized (e.g. FDD). The following designs, e.g. on/off mechanism, can still be done after Rx UE synchronized to Tx UEs with different timing. 
2.1. Structure of D2D frame and control channel
When there is centralized synchronization for D2D communication, to avoid consistent monitoring for synchronization and data of communication across the whole bandwidth in every TTI, control transmission can be allocated in a separate area, as the example shown in Fig.1. It is noted that in each superframe (D2D frame) is composed by a number of subframes which have the same structure of legacy PUSCH.
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Fig1. Structure of D2D frame

1) Control subframes: to complete the functionality of synchronization, transmission contention and indication of resource allocation for data transmission by:
· Synchronization sequence and/or information can be transmitted prior to control subframes or within control subframes. Rough synchronization should always be done before transmission of control information. Period of synchronization could be integer times of duration of a superframe.
· On/off mechanism in time domain with random resource (subframe) selection for each Tx UE’s control transmission, as shown in Fig.2, can reduce the impact of consistent collision compared with that of back-off mechanism. When collision happens, there are two possibilities:

Option 1: UE may learn it from its “off” subframe and stop its transmission, and data are transmitted according to the remaining Tx UE’s control information, i.e. only one Tx UE can occupy the subchannel by contention. Even if a receiving UE can receive control information from both UEs, data communication only comes from one Tx UE.
Option 2: Both Tx UEs keep transmitting their control information by on/off pattern, monitor and find each other in their “off” subframes. And there is not any data transmitted within the same superframe. Contention starts again in the next superframe.

Option 2 may keep the collision and sub-channel empty for a long while. From the perspective of resource usage efficiency, option 1 is preferred. Also, to guarantee the fairness between Tx UEs, in option 1, on/off pattern is recommended to be achieved by a Hush function related to Tx UE ID.

Even there are asynchronized Tx UEs (it normally happens in the asynchronized inter-cell cases), synchronization procedure before control transmission can provide various superframe boundaries correspondingly. On/off mechanism can still work: Tx UE can monitor and find asynchronized Tx UE’s control channel in “off” subframe, and stop its transmission when collision happens. Further enhancement would be subchannel pre-configuration by coordination between eNBs.
· Selection of sub-channel in frequency domain for a certain UE follows the principle of “listen-to-talk”. Monitoring area can include control subframes in previous supersubframe(s). Spare sub-channel normally could be found when data transmission from one Tx UE is completed. Then the contention among UEs should base on above on/off mechanism.

During control subframes, Rx UE needs to monitor/decode across all subframes and the whole bandwidth in each TTI, with common scrambling and DMRS ID associated with CS/OCC (details can be found in [2]). Since random on/off pattern is selected by each Tx UE, even if there is in-band emission, impact is possible to be reduced in the next subframe when other Tx UEs do not transmit there. That applies to data channel as well.
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Fig. 2 Structure of control transmission
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Fig. 2-1 On/off mechanism-option 1
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Fig. 2-2 On/off mechanism-option 2

Control/data multiplexing:

It is worthy to note that separation of control subframes and data subframes in one super-subframe is to reduce blind decoding complexity during data subframes and manage contention prior to data transmission. Before any control information transmitted and transmission contention, it is not possible for UE to know the exact resource allocation of data transmission. Then UE has to blind decode across the whole bandwidth in each TTI, with common ID or UE-specific ID.  This is the main problem of the case that if there is not any separation, data and control are multiplexed in each TTI. 

In control subframes, it is possible to multiplex control information and data. However on/off mechanism does not guarantee all data carried in those control subframes can be reliably received when there is a collision between Tx UEs. Also data mapping would be different between in control subframes and data subframes. Detailed control signaling allocation is discussed in section 2.2.
2) Data subframes: by decoding control subframes, receiving UE can learn exact resource allocation and its on/off pattern.
· Transmission UE ID implies on/off pattern, scrambling ID, DMRS ID for data transmission
· Resource allocation in control subframe from a certain Tx UE indicates subchannel(s) of data transmission

Proposal 2: D2D control channel during direct UE-UE transmission should be transmitted from Tx UE to Rx UE.
Proposal 3: Control subframes should be separated from data subframes in one D2D frame; whether data can be multiplexed in control subframes need further study

Proposal 4: On/off mechanism option 1 should be supported in control for D2D communication
2.2. Contents and signaling allocation of control channel
The legacy uplink control information can be transmitted in a separate PUCCH, or UCI piggybacking with PUSCH. It is not possible to apply PUCCH-like allocation for characteristics of SC-FDM in D2D communication. To be realistic, data can be multiplexed in control subframes by two manners: A. UCI piggybacking with PUSCH; B. control and data are directly multiplexed in PUSCH. However, before any multiplexing, one more important issue is whether payload and performance of control channel allows any multiplexing. From analysis in section 2.1, control information should at least include the following:

· Tx UE ID

Option 1: UE ID – it needs 32 bits

Option 2: a number from 0~504 – it can reduce the overhead to 9 bits

· Resource allocation indication: to keep SC-FDM characteristics, continuous sub-channels (e.g. 2 PRB per sub-channel) with flexible total size can be allocated. In a 10MHz system, 9 bits at least are needed
· MCS: the set of MCS could be reduced to e.g. 2 bits

· CRC: 16 bits in minimum

Then the total minimal number of bits would be 36 bits. There could be more bits for additional enhancement, e.g. OCC, power control and etc. Considering UCI piggybacking with PUSCH, there are 20REs/40bits when using CQI-like UCI, and 16Res/32bits in total when using A/N&RI-like UCI. With this payload, coding rate seems not low enough to support the coverage of control channel. Compared with it, transmission by format of PUSCH or extended UCI with sufficient payload would be more flexible and supportive. 

 Proposal 5: Control information should at least include: Tx UE ID, resource allocation indication, MCS and CRC; other information for enhancement should be further studied
Proposal 6: Control signaling is recommended to be transmitted by format of PUSCH or extended UCI with sufficient payload
3. Conclusion 

In this contribution, structure of D2D frame and control channel, contents and signaling allocation of control channel are discussed in detail. The following are proposed:

Proposal 1: Considering the cost of power and complexity, D2D communication with centralized synchronization is recommended.
Proposal 2: D2D control channel during direct UE-UE transmission should be transmitted from Tx UE to Rx UE.
Proposal 3: Control subframes should be separated from data subframes in one D2D frame; whether data can be multiplexed in control subframes needs further study

Proposal 4: On/off mechanism option 1 should be supported in control for D2D communication
Proposal 5: Control information should at least include: Tx UE ID, resource allocation indication, MCS and CRC; other information for enhancement should be further studied

Proposal 6: Control signaling is recommended to be transmitted by format of PUSCH or extended UCI with sufficient payload
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