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1 Introduction

At RAN2#83bis, D2D communication was discussed. On MAC functionality, one agreement was made:

Agreements

6
No HARQ feedback is assumed for D2D communication 

In this paper we investigate the MAC functionality further to improve the understanding of how MAC would work in a D2D context. We propose the introduction of new transport and logical channels. We also note that much of the existing MAC functionality can be adapted to the D2D context.

1.1 Proposed definitions

In the D2D context, we use the term “uplink” to relate to channels, procedures, etc., which are associated with the transmission of data.
In the D2D context, we use the term “downlink” to relate to channels, procedures, etc., which are associated with the reception of data.
2 Discussion
In this section we investigate the various elements of the MAC protocol. We focus in particular on the channel mapping and the functions.
2.1 Channels

A key functionality of MAC is the mapping of logical channels (above MAC) to transport channels (below MAC). In this section we investigate the existing logical channels and transport channels to see how they would work in a D2D context.

2.1.1 Logical channels

Currently two logical channels used for user traffic are defined in 36.300 (section 6.1.2.2) [1]. 

-
Dedicated Traffic Channel (DTCH)


A Dedicated Traffic Channel (DTCH) is a point-to-point channel, dedicated to one UE, for the transfer of user information. A DTCH can exist in both uplink and downlink.

-
Multicast Traffic Channel (MTCH)


A point-to-multipoint downlink channel for transmitting traffic data from the network to the UE. This channel is only used by UEs that receive MBMS.

DTCH is a point-to-point channel, and is therefore not applicable to the D2D broadcast communication which is point-to-multipoint. MTCH is a channel which is point-to-multipoint but it is used to transmit information from the network to the UE. It is therefore not applicable to D2D communication which is transmitted from UE to UE.

Observation 1 DTCH and MTCH are not applicable to D2D communication.
Based on this observation it is obvious that a new logical channel needs to be introduced. We suggest introducing the CTCH (Common Traffic Channel):

Proposal 1 A new logical channel is introduced with the following description:

-
Common Traffic Channel (CTCH)

A Common Traffic Channel (CTCH) is a point-to-multipoint channel, for the transfer of user information. A CTCH can exist in both uplink and downlink. This channel is only used by UEs that are capable of D2D communication.

2.1.2 Transport channels

Among the various transport channels, there are two which are primarily used for user traffic, DL-SCH and UL-SCH. This is the current description (36.300):

1.
Downlink Shared Channel (DL-SCH) characterised by:
-
support for HARQ;

-
support for dynamic link adaptation by varying the modulation, coding and transmit power;

-
possibility to be broadcast in the entire cell;

-
possibility to use beam forming;

-
support for both dynamic and semi-static resource allocation;

-
support for UE discontinuous reception (DRX) to enable UE power saving;

2.
Uplink Shared Channel (UL-SCH) characterised by:

-
possibility to use beam forming; (likely no impact on specifications)

-
support for dynamic link adaptation by varying the transmit power and potentially modulation and coding;

-
support for HARQ;

-
support for both dynamic and semi-static resource allocation.

It should be noted that the transport channels are separated into UL channels and DL channels. 

Observation 2 Existing transport channels are unidirectional and therefore separated into UL and DL channels.

Since specifications are written from the UE perspective, current UL channels have clearly defined transmission behaviours. Similarly, the reception behaviour for DL channels is clearly defined. 

Observation 3 An existing UL channel typically has clearly defined transmission behaviour. 

Observation 4 An existing DL channel typically has clearly defined reception behaviour.

Up until now we have looked at the properties of existing transport channels. In the D2D context, we use the term “uplink” to relate to channels, procedures, etc., which are associated with the transmission of data; similarly we use the term “downlink” to relate to channels, procedures, etc., which are associated with the reception of data. As these transport channels are clearly tied to the UL/DL structure, neither is really suitable for D2D communication. We think there are two design options:

1.
Create a new bidirectional transport channel

2.
Create two new unidirectional transport channels.

Option 1 means that we would introduce a new transport channel which is defined for both uplink and downlink. This would be in contradiction to observation 2. Option 2 would not break observation 2, but would have other consequences. If UE1 and UE2 are communicating, the UL channel of UE1 would be the DL channel of UE2. This might be seen as confusing. If option 2 is selected, it is clear that the characteristics of the two transport channels would be identical.

Proposal 2 A new transport channel (e.g. D2D-SCH) suitable for D2D communication should be introduced. Whether it is defined for uplink or downlink (in which case two uni-directional transport channels would be needed) or defined for both uplink and downlink (in which case one bi-directional transport channel would be needed) is FFS.

Introduction of transport channels is an area handled by RAN1, but a suggestion for characterisation based on the existing transport channels can be found below:
1.
Device to Device Shared Channel (D2D-SCH) characterised by:

-
possibility to use beam forming;

-
support for dynamic link adaptation by varying the transmit power and potentially modulation and coding;

-
support for HARQ;

-
support for semi-static resource allocation.

-
support for UE discontinuous reception (DRX) to enable UE power saving;

-
support for Device to Device communication mode;
It is useful to map CTCH onto this new transport channel.

Proposal 3 CTCH can be mapped on DL-SCH, UL-SCH and D2D-SCH.

2.1.3 Summary of channels

Based on the previous analysis we think a new logical channel, CTCH (Common Traffic Channel), is needed. It should be mapped to a new transport channel, D2D-SCH (Device to Device Shared Channel) pending RAN1 decision. That channel would in turn be mapped to some physical broadcast D2D channel, called PBD2DSCH for now. CTCH may also be mapped to other transport channels (i.e. UL-SCH and DL-SCH) for in coverage scenarios. The mapping is the same for uplink (i.e. D2D transmission) and downlink (i.e. D2D reception). A visualization of this is shown in Figure 1.
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Figure 1 – Example of channel mapping 
2.2 MAC functionality

2.2.1 Multiplexing

MAC contains functionality to multiplex traffic from several logical channels onto one transport channel, and corresponding de-multiplexing functions. For a UE in coverage, D2D services may very well be realized on top of existing LTE functionality; hence, use DL-SCH and UL-SCH, respectively. Thus, multiplexing of CTCH to/from UL-SCH/DL-SCH may be useful. For a UE out of coverage, CTCH would be mapped onto D2D-SCH. In any case, multiplexing is useful in the D2D context.
Observation 5 Multiplexing is a MAC function which is useful also in the D2D context.

2.2.2 Priority handling

MAC is also contains functionality for priority handling. This involves both priority handling between logical channels of one UE and priority handling between UEs by means of dynamic scheduling. We believe scheduling will be done in a semi-static fashion [2], thus the need for dynamic scheduling in the D2D context can be questioned. Priority handling among logical channels is probably useful, for example, how to prioritise between D2D traffic and other LTE traffic.

Observation 6 Priority handling is a MAC function which is useful also in the D2D context.
2.2.3 Transport format selection

A key function for MAC is the selection between different transport formats to match the changing radio conditions. It is for RAN1 to decide on transport formats, but it is not unreasonable to expect the number of transport formats used for D2D communication to be rather limited. Nevertheless, even if there are only two transport formats to select, there is still the need for a transport format selection function.

Observation 7 Transport format selection is a MAC function which is useful also in the D2D context.

2.2.4 Padding

Padding is also a MAC function. Padding is used if the amount of data to be sent does not fill the available transport block size. This may occur at the end of a communication session, where there is no more data to send. The padding function would be useful also in the D2D context session as there is no way to guarantee that the application data fits in an even number of transport blocks. 

Observation 8 Padding is a MAC function which is useful also in a D2D context.

2.2.5 Summary of MAC functionality

It is clear that several existing MAC functions would be useful in a D2D context, and most would also be straight-forward adaptation of existing functions. An area which is not straight-forward to adapt to the D2D context is the scheduling aspects of MAC. This is further elaborated in [2] and [3].

Proposal 4 In the D2D context, the following MAC functions are useful: Multiplexing/demultiplexing, priority handling, transport format selection, and padding.
3 Conclusion

In section 2 we made the following observations:
Observation 1
DTCH and MTCH are not applicable to D2D communication.
Observation 2
Existing transport channels are unidirectional and therefore separated into UL and DL channels.
Observation 3
An existing UL channel typically has clearly defined transmission behaviour.
Observation 4
An existing DL channel typically has clearly defined reception behaviour.
Observation 5
Multiplexing is a MAC function which is useful also in the D2D context.
Observation 6
Priority handling is a MAC function which is useful also in the D2D context.
Observation 7
Transport format selection is a MAC function which is useful also in the D2D context.
Observation 8
Padding is a MAC function which is useful also in a D2D context.


Based on the discussion in section 2 we propose the following:
Proposal 1
A new logical channel is introduced with the following description:
-
Common Traffic Channel (CTCH)
A Common Traffic Channel (CTCH) is a point-to-multipoint channel, for the transfer of user information. A CTCH can exist in both uplink and downlink. This channel is only used by UEs that are capable of D2D communication.
Proposal 2
A new transport channel (e.g. D2D-SCH) suitable for D2D communication should be introduced. Whether it is defined for uplink or downlink (in which case two uni-directional transport channels would be needed) or defined for both uplink and downlink (in which case one bi-directional transport channel would be needed) is FFS.
Proposal 3
CTCH can be mapped on DL-SCH, UL-SCH and D2D-SCH.
Proposal 4
In the D2D context, the following MAC functions are useful: Multiplexing/demultiplexing, priority handling, transport format selection, and padding.
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