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1 Introduction

The purpose of this paper is to provide a compact overview of the proposed RAN solution for the D2D SI and to suggest a standardization way forward in case a corresponding WI is agreed.

The focus here is on broadcast communication for PS, including in/partial/out-of-coverage scenarios. No feedback channel from the receivers to the transmitters is considered. It is further assumed that group handling functions (for achieving unicast and groupcast) are managed by NAS.

It is obvious that if a D2D WI is agreed in Rel-12 the scope needs to be restricted to the essential functionalities that satisfy the requirements of the PS community and non-critical optimization should be avoided. This paper focuses only on such basic functionalities and avoids listing optimizations that are deemed optional.
This paper is sent to both RAN1 and RAN2 with identical content.
2 Discussion
In this section we explore different functions that are needed for D2D support. Most of the functionalities discussed here require standard changes.
2.1 Synchronization
D2D requires that UEs are able to directly synchronize to each other or that they share a common Synchronization Source (a SS, Synchronization Source, is a UE or eNB node transmitting synchronization signals). Along with the synchronization signals (D2DSS) some broadcast control information (PD2DSCH) is needed for allowing UEs to correctly select suitable synchronization signals. The performance of D2DSS and PD2DSCH and their content have been studied and analysed in [2]
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[3] leading to the following proposal:
Proposal 1 D2DSS reuses the PSS/SSS sequences and is transmitted every 40ms
Proposal 2 PD2DSCH is based on PUSCH with guard periods and occupies the central 6 PRBs and is transmitted every 2.56s
Proposal 3 All out of coverage UEs transmit D2DSS/PD2DSCH. The eNB may configure which in-coverage UEs that transmit D2DSS/PD2DSCH.
The term synchronization refers to two independent functions: receiver synchronization and transmitter synchronization. In general, the receiver should track all incoming synchronization sources (e.g., different UEs that follow different synchronization references). On the other hand, the transmitter should select the most suitable single synchronization reference and follow that one.

If NW coverage is available, the transmitter synchronization should follow the eNB (more details in [1]).
Proposal 4 The D2D receiver tracks and monitors all incoming synchronization references
Proposal 5 The D2D transmitter selects the single most suitable synchronization reference and follows that one
Proposal 6 In case of LTE coverage, the D2D signals follow the eNB synchronization.
D2D UEs may in certain cases adapt their transmitter synchronization to an incoming synchronization reference (originally generated by an eNB or another UE). However, the maximum number of times that a certain synchronization reference is relayed should be limited for avoiding dependency on a single node and error propagation and accumulation.
Proposal 7 UEs may transmit D2DSS/PD2DSCH derived from D2DSS/PD2DSCH received from a certain eNB or independent synchronization source by at most by n hops (e.g., n=4).
2.2 Scheduling
In this section we briefly explain how to do scheduling by describing the transmitter procedures when in and out of coverage, and the receiver procedure which does not depend on coverage [4]
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[5][6]. Different coverage states are discussed and defined in [8].
2.2.1 Transmitter out of coverage

When ready to transmit data, the transmitter selects resource from the preconfigured resource pool. Next, the transmitter broadcasts a scheduling assignment (SA) including information on how/where/when the UE-A will transmit the coming D2D data. SAs are transmitted periodically on pre-defined resources until no data remain to be transmitted. For a received SA, the receiver expects a transmission on the resources indicated by the SA, otherwise it may sleep until the next SA is expected. To respond to the received data, receiver would need to become a transmitter and follow the same steps as outlined above.

2.2.2 Transmitter in coverage

When the transmitter is in coverage, it requests radio resources for D2D data transmission from the network (e.g., from the serving eNB). This in order to better distribute resources when there is legacy UL traffic in the cell. The exact procedure used for a D2D UE to negotiate with the eNB regarding D2D resources is FFS. (see [5] for details). However, it is beneficial if already existing functionality can be used also for D2D, e.g. the SR/BSR-Grant-procedure used for UL Scheduling. When the transmitter has data to send, it transmits an SR and a BSR to the eNB in which it is clear to the eNB that the planned transmission is for D2D. The eNB grants resources for the requested transmission and sends a (semi-persistent) grant to the transmitter, including information on what resources to use (and for how long they are valid). The transmitter then initiates the transmission process described in the previous section by sending the SA with the information about what resources to use. The SA is followed by data transmissions.

· When D2D UE has data in buffer

· Send SR/BSR to eNB to request resources

· eNB sends grant with information on resources.

· While there is data

· Transmit SA periodically.

· Transmit data 

Proposal 8 When the transmitter is in coverage, the eNB distributes resources for D2D transmissions.
2.2.3 Receiver procedure

Here we discuss the procedure for the receiver. Note that the synchronization and pre-configuration are decoupled and here we assume that both synchronization and pre-configuration have been performed prior to transmission and reception. Further, the procedure of the receiver does not differ for the two coverage scenarios discussed above.
The receiver procedure:

· Listen for SA at (pre)configured periodic resources.

· If SA received

· Listen on resources given in SA for data.
· Receive and decode data
· Else

· Sleep for a while. (preconfigured; some DRX setting).

2.3 Resource Allocation 
2.3.1 Resource pools

The concept of resource pools have been discussed during several meetings. The general understanding is that if two D2D UEs are to communicate they need to share a resource. That is, the transmitting UE sends on a resource which is monitored by the receiving UE. The exact definition of a resource is out of scope of this paper, but could be some known resource blocks in a recurring pattern of subframes for example.

To make a D2D transmission, the UE needs a Scheduling Assignment resource and a data resource. Depending on the state of coverage the UE is in, the procedure for how to obtain these two varies. We think there are four states of coverage [8]:

1)
The UE has uplink and downlink coverage.

2)
The UE has downlink but no uplink coverage.

3)
The UE has control-plane relay coverage.

4)
The UE is out of coverage. 

How to get the SA resource and data resource is described in the following table and further explained in [7].

Table 1 – Description of how the UE selects SA resource and data resource depending on which coverage state it is in

	Coverage state
	How to select SA resource
	How to select data resource

	State 1
	Granted by the eNB.
	Granted by the eNB.

	State 2
	Selected from the broadcasted SA pool (SIB) of the eNB.
	Selected from the broadcasted data resource pool (SIB) of the eNB.

	State 3
	Selected from the broadcasted SA pool on PD2DSCH as transmitted by the CP relay.
	Selected from the broadcasted data resource pool on PD2DSCH as transmitted by the CP relay.

	State 4
	Selected from the preconfigured SA pool
	Selected from the preconfigured data resource pool


Based on this configuration, the following proposals can be made:

Proposal 9 The UE has a pre-configured resource pool for SA resources, called the SA pool. This is used for reception in all coverage states and for transmission when out of coverage.

Proposal 10 The eNB broadcasts a resource pool for SA resources to be used by UEs for transmission when the UE only receives the downlink from the eNB or when it is under control plane relay coverage.

Proposal 11 The UE has a preconfigured resource pool for data resources. This is used for transmission when out of coverage.

Proposal 12 The eNB broadcasts a resource pool for data resources to be used by UEs for transmission when the UE only receives the downlink from the eNB or when it is under control plane relay coverage.
2.3.2 Scheduling assignment

An SA is a compact (low-payload) message containing control information, e.g., pointer(s) to time-frequency resources for the corresponding data transmissions. When in coverage the content of the SA is decided by the eNB, when out of coverage, the UE picks a resource from the SA pool.

The receiver shall always monitor the resources used for SAs and blindly decode them. Alternatively, the UE can blindly decode the resources used for the data transmission. However, investigations show that this results in a significantly higher power consumption compared to using SA [6]. SA increases the time to be used for DRX. The UE would transmit SAs periodically, e.g., every 40 ms.
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Figure 1. Scheduling assignments and their association to data transmissions.
Proposal 13 Introduce a scheduling assignment (SA) to provide efficient D2D transmissions, e.g., to check if channel is clear prior to transmission and to enable DRX.

2.4 Cluster Heads
When out of coverage, UEs access resources in a contention based fashion. We do not see particular benefits with some UEs (Cluster Heads) controlling resources for their neighbour UEs.

2.5 Data transmission

The following physical channels are necessary for D2D and PS support [3]:

· A physical broadcast data channel

· A physical broadcast control channel (PD2DSCH)

Control information associated to a specific broadcast data channel may be multiplexed on such a channel as L2 control information.

The data channel is used for carrying user data (e.g., VoIP packets) and multiplexed L2 control information (e.g., scheduling assignments (SAs)). The SAs may be carried in specific subframes which are regularly monitored and blindly decoded by potentially interested receivers, to allow for using DRX in the D2D receivers and flexible multiplexing of D2D and cellular traffic under network control.

Physical Broadcast Data Channel: For transmission of SAs which would follow DL timing, a fixed pre-defined format may be considered (e.g., QPSK, 2 PRBs BW, guard period at end of subframe, etc.). For data transmissions on the physical broadcast data channel which would follow UL timing, the parameters of the physical data channel may be optimized with respect to the traffic type (e.g., for VoIP, the format may be QPSK, 2 PRBs BW, guard period at the end of a subframe, 4 HARQ retransmission of each VoIP packet, frequency hopping, time randomization, etc.).

Physical Broadcast Direct Control Channel Overview (PD2DSCH): The payload of PD2DSCH has been analysed in [3] where at most 27 bits were proposed (in most cases the actual payload is smaller). The following format mat may be envisioned for this channel which would follow DL timing: QPSK, 6 PRBs BW, 3 symbols guard period (for TDM with D2DSS in the same subframe), no retransmissions, etc.

2.6 Addressing
For D2D data communication, there are addressing mechanisms in different layers [7], see Figure 1. ProSe communication services are IP-based and source and destination IP addresses ultimately identify the sender and receiver. However, since IP header compression is expected at least for parts of these services (e.g. voice) we can’t rely on IP addresses in every packet and thus lower layer addressing support is needed.

In layer 2, there needs to be an addressing mechanism in order to:

· discard received MAC data PDUs which are not addressed to this UE or any of the configured multicast groups
· identify the receiving RLC entity for a received MAC data PDU

· in order to correctly reassemble packets that have been segmented by the transmitter

· in order to find the PDCP entity corresponding to the IP stream and correctly decompress IP headers in the received packets

· in order to be able to decipher packets using the correct key (FFS - if ciphering is provided by PDCP)

In layer 1 there is also an addressing mechanism with the purpose of:
· identifying which scheduling assignments to monitor

· enabling DRX in the receiver, only decoding relevant data blocks

The figure below illustrates the different identities and addresses used.
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Figure 1
The relations between different identities and addresses in the UE and how they may be used on different layers for D2D communication out-of-coverage

The UE has typically one ProSe UE ID and one UE local IP address linked to this ProSe UE ID. For each ProSe Group IP multicast address the UE is configured with, the corresponding ProSe layer 2 group ID is stored. During communication, the value of the Source L2 address is set based on the ProSe UE ID. For multicast, the value of the destination L2 address is set to the value of the ProSe layer 2 group ID for the corresponding ProSe group. For unicast, the value of the destination L2 address is set based on the value of the ProSe UE ID. During the scheduling assignment (SA) in L1, the value of the transmitted L1 SA identity is set to the value of the source L2 address or destination L2 address (depending on broadcast, multicast or unicast). 
3 Proposed Study Item Conclusions

We suggest capturing the following sentence in the D2D SI conclusions:

· It is concluded that D2D broadcast communication based on LTE is feasible and it is able to fulfil the requirements defined by the PS community.
4 Conclusion

In this document we briefly describe what specification changes are needed in order to prepare for D2D communications. Details are presented in the papers in the reference list. 
Based on the discussion in section 2 we propose the following:
Proposal 1
D2DSS reuses the PSS/SSS sequences and is transmitted every 40ms
Proposal 2
PD2DSCH is based on PUSCH with guard periods and occupies the central 6 PRBs and is transmitted every 2.56s
Proposal 3
All out of coverage UEs transmit D2DSS/PD2DSCH. The eNB may configure which in-coverage UEs that transmit D2DSS/PD2DSCH.
Proposal 4
The D2D receiver tracks and monitors all incoming synchronization references
Proposal 5
The D2D transmitter selects the single most suitable synchronization reference and follows that one
Proposal 6
In case of LTE coverage, the D2D signals follow the eNB synchronization.
Proposal 7
UEs may transmit D2DSS/PD2DSCH derived from D2DSS/PD2DSCH received from a certain eNB or independent synchronization source by at most by n hops (e.g., n=4).
Proposal 8
When the transmitter is in coverage, the eNB distributes resources for D2D transmissions.
Proposal 9
The UE has a pre-configured resource pool for SA resources, called the SA pool. This is used for reception in all coverage states and for transmission when out of coverage.
Proposal 10
The eNB broadcasts a resource pool for SA resources to be used by UEs for transmission when the UE only receives the downlink from the eNB or when it is under control plane relay coverage.
Proposal 11
The UE has a preconfigured resource pool for data resources. This is used for transmission when out of coverage.
Proposal 12
The eNB broadcasts a resource pool for data resources to be used by UEs for transmission when the UE only receives the downlink from the eNB or when it is under control plane relay coverage.
Proposal 13
Introduce a scheduling assignment (SA) to provide efficient D2D transmissions, e.g., to check if channel is clear prior to transmission and to enable DRX.
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