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1 Introduction
RAN#63 approved the work item “LTE Device to Device Proximity Services” [1]. This contribution addresses the need for layer 2 procedures on resource allocation and data transmission for D2D communication. TS 23.303 [2], which contains stage 2 descriptions from the view of the SA groups, serves as a basis for the discussions in this document.
2 Discussion
In this section we describe proposed L2 procedures related to D2D Communication. The request/grant procedure is only applicable to communication mode 1. The data transmission procedure applies to both communication modes. The two communication modes are characterized by how the UE learns the radio resources to use. From TR 36.843 [3]:
	· In Mode 1, a UE requests transmission resources from an eNodeB. The eNodeB schedules transmission resources for transmission of scheduling assignment(s) and data. 

· The UE sends a scheduling request (D-SR or RA) to the eNodeB followed by a BSR based on which the eNodeB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 

Editor’s Note: It is FFS how the eNodeB indicates the transmission resources to the UE. 

· In Mode 1, the UE needs to be RRC Connected in order to transmit D2D communication. 

· For Mode 2, UEs are provided with a resource pool (time and frequency) from which they choose resources for transmitting D2D communication. 

Editor’s Note: It is FFS for Mode 2, UEs in the “edge of coverage”, obtain the transmission resource pool by the eNB (e.g. SIB signalling).

Editor’s Note: It is FFS for For Mode 2, UEs out of coverage how they obtain the transmission resource pool (e.g. pre-configured; from other UEs; …). 




TS 23.303 section 5.4.2 contains the following picture and text relating to D2D Communication transmission.
	This procedure is applicable to authorized ProSe-enabled Public Safety UEs.
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Figure 5.4.2-1: One-to-many ProSe Direct Communication transmission

1.
UE is configured with the related information for one-to-many ProSe Direct Communication as defined in clause 4.5.1.1.2.3.3. The UE obtains the necessary group context (ProSe Layer-2 Group ID, ProSe Group IP multicast address) to transmit IP-layer transport of data, and also the radio resource related parameters used for the Direct Communication.

2.
The originating UE finds the appropriate radio resource to conduct one-to-many ProSe Direct Communication. If the UE is "served by E-UTRAN" it always uses the resources signalled from the network. If the UE is not "served by E-UTRAN" it uses the appropriate radio resources for this purpose.

NOTE:
More details about step 2 to be defined in RAN specifications.

3.
The originating UE sends the IP data to the IP multicast address using the ProSe Layer-2 Group ID as Destination Layer-2 ID.


We think that the eNB in step 1 sets up the UE with the following:

1.
A logical channel ID used for D2D Communication.
2.
Other parameters related to transmission and reception of D2D Communication, e.g., resource pool for Scheduling Assignments.

Proposal 1 A ProSe-enabled UE is configured over RRC on how to use ProSe services in coverage.

Proposal 2 The configuration contains information about which logical channel is used for D2D Communication.

In the following sections, we describe the details of step 2 of the procedure in TS 23.303 above.
2.1 Request/grant procedure

This procedure applies only to communication mode 1. When initiating this procedure, the UE has been configured with a logical channel for D2D Communication. It is also assumed that the UE is in RRC_CONNECTED. The purpose of this procedure is for the UE to get a grant from the eNB to transmit on the ProSe physical channel. There are two cases, whether the UE has a PUCCH resource to send the Scheduling Request on or not.
2.1.1 The UE has a PUCCH resource

In this case there is no need for a random access procedure. The UE transmits its Scheduling Request (SR) on the PUCCH, just as it would for legacy LTE traffic.
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Figure 1 – Example of request/grant procedure if the UE has a PUCCH resource (D-SR).
It is important for the eNB to know that the UE has D2D Communication data (as opposed to any data) to send. D2D Communication traffic must be scheduled on specific resources, therefore the eNB needs to know this. This information is conveyed in the D2D-BSR, similar to legacy transmissions. This is further elaborated in section 2.1.3. The D2D grant is discussed in section 2.1.4.
2.1.2 The UE does not have a PUCCH resource
In this case the UE needs to perform a random access procedure. We think that the current random access procedure can be reused. Figure 1 shows how the random access procedure is used to support D2D Communication requests and grants. 


[image: image3]
Figure 2 – Example of request/grant procedure if the UE does not have a PUCCH resource.

Similar to the previous case, when the UE has a PUCCH resource, the eNB needs to be informed that the UE has D2D Communication data to send, as opposed to any data. This information is conveyed in the D2D-BSR using the configured logical channel ID. This is further elaborated in section 2.1.3. The D2D grant is discussed in section 2.1.4.
2.1.3 The D2D-BSR

The D2D-BSR should be transmitted on the PUSCH similar to legacy BSR. The purpose of the D2D-BSR is for the UE to inform the eNB about the amount of data the UE has on logical channels related to D2D. As mentioned earlier, the eNB configures the UE with a logical channel ID to be used for D2D communication. Although this makes it possible to reuse the existing BSR, it would require at least one logical channel group for D2D communication. If the UE is also configured with legacy LTE bearers and D2D discovery, the four existing logical channel groups may become a restriction.

We think it is better to introduce a new MAC CE, called ProSe BSR, which would be used to indicate the buffer status of D2D services. The exact details of this new BSR are FFS.

Proposal 3 Introduce a new MAC CE (ProSe BSR) which the UE uses to indicate the buffer status of D2D services.

A legacy BSR is triggered if new data arrives, if data with higher priority arrives, if there is room in the padding to send a BSR, if retxBSR-timer or periodicBSR-timer expires, roughly speaking. For D2D we think the eNB could set up periodic BSRs related to the validity time of the D2D grant for increased efficiency. It should be noted that the D2D-BSR is transmitted on the Uu interface and not on PC5.
2.1.4 The D2D grant

The technical report, TR 36.843, mentions that for mode 1:

	· The UE sends a scheduling request (D-SR or RA) to the eNodeB followed by a BSR based on which the eNodeB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 


The D2D grant should be transmitted on the PDCCH similar to legacy PUSCH grants. The purpose of the grant is to allow the UE to transmit data on the ProSe physical channel. The grant also allows the eNB to control which UE gets to transmit when and on which resources. This reduces interference and the possibility for collisions. Therefore, a UE shall not transmit on the ProSe physical channel without a valid grant.

Proposal 4 The UE shall only transmit on the ProSe physical channel if it has a valid ProSe grant.

Proposal 5 For D2D Communication mode 1, the UE gets a ProSe grant from the eNB.

There are two questions related to validity time of the D2D grant.

1)
When does the D2D grant become valid?


A legacy PUSCH grant is valid in subframe n+4 (for FDD). D2D transmissions in mode 1 are restricted to certain subframes. If these are known in the UE, a solution where the D2D grant becomes valid “in the next data transmission procedure” is possible. This solution also offers greater flexibility for the eNB, as it otherwise would need to transmit the D2D grants four subframes before the subframe of the SA transmissions.

2)
For how long is it valid?


A legacy PUSCH grant is only valid for one subframe. An extension of that idea in the D2D domain would mean that the D2D grant is valid for one data transmission procedure. For Rel-12, only broadcast D2D communication is supported, and the typical service would be push to talk. Talk spurts are typically a couple of seconds long. Therefore, it would create significant overhead if the D2D grant is valid only for one data transmission procedure and the data transmission procedure is short, e.g., 20 ms. But for future services a flexible validity time might be useful. We think the length of the validity time should be configurable by the eNB.

Proposal 6 The D2D grant becomes valid in the first Data transmission procedure after reception.
Proposal 7 The validity of the D2D grant is configured by the eNB.

Proposal 8 The UE has information on which subframes are used for transmitting SA.

There should be a possibility to issue new D2D grants while a previous one is still valid. There are at least two cases when this is beneficial.

1)
If the first D2D grant has a very long validity time and the eNB sees a need to shorten it, for example due to suddenly increased load.

2)
As there is no feedback to acknowledge a received D2D grant, the eNB can increase the possibility for successful reception of the grant by retransmitting it. This is especially beneficial if the D2D grant has a long validity time, as a lost D2D grant would mean a long interruption in the data.
To support this, we think the UE shall transmit according to the latest received D2D grant. Upon reception of a new D2D grant, the previous D2D grant becomes invalid.

Proposal 9 The UE shall transmit on the D2D physical channel according to the latest transmitted D2D grant, hence a new D2D grant replaces an existing one.

2.2 Scheduling assignment transmission procedure

The purpose of this procedure is to transmit the Scheduling Assignment, SA. This procedure is common for both communication modes. Before initiating this procedure, the UE needs to have a valid grant. In our example, the SA cycle is 160 ms, as shown in Figure 3. In each cycle there are up to 4 occasions for transmission of SA. For communication mode 1, the grant informs the UE in which SA occasion to transmit. Investigations in RAN1 show that transmission of one SA is sufficient to meet the coverage criteria [5]. So, in short, every 40 ms there is an opportunity to send an SA. By having up to 4 opportunities a UE can send an SA in one occasion and listen for other SAs in the same cycle. This means that a UE can send and receive D2D transmissions continuously, if the data transmission patterns are orthogonal. The purpose of the Scheduling assignment is twofold.

1)
It allows the UE to only track the SA and perform DRX in-between. 

2)
It contains information on how to decode the data, e.g., which exact time frequency resource has been used.

[image: image4]
Figure 3 – Example of SA transmission procedure.

The content of the SA should be finalized by RAN1 [4]. Transmission of an SA indicates that the UE will transmit data during the next data transmission cycle. 
2.3 Data transmission procedure
The purpose of the data transmission procedure is to convey user data from UE-A to UE-B. This procedure is common for both communication modes. Investigations [5] have shown that in order to meet the requirement on coverage, each D2D transport block needs to be transmitted four times. 
The transmission of the data can be varied in both time and frequency. We think it is up to RAN1 to finalize the exact time-frequency pattern for the repeating transmissions. In Figure 4 we show one example, where the transmissions are spaced 4 ms apart. For FDD, this could be useful, as it is aligned with existing HARQ cycles. 
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Figure 4 – Example of the Data transmission procedure.
Upon completion of this procedure, UE-B has received one D2D transport block. For a broadcast communication scenario, this would typically be one voice frame. One voice frame typically consists of 20 ms of speech, therefore, the transmissions in Figure 4 are repeated 4 times to match the 160 ms of the SA cycle in our example. 
2.4 Putting it all together
For communication mode 1, the request/grant procedure is followed by the data transmission procedure as shown in Figure 5.


[image: image6]
Figure 5 – The request/grant procedure followed by the data transmission procedure.

In this figure, the grant is valid for 160 ms and 8 data packets are sent. Towards the end of the cycle a new grant has to be obtained. This is shown in Figure 5.


[image: image7]
Figure 5 – Several data transmission procedures.

As shown, the data transmission procedures can be scheduled back-to-back, thereby not introducing any extra delay.
3 Text Proposal for 36.300
This section contains a skeleton text proposal for 36.300 which covers both D2D communication and D2D Discovery, as described in [6]. If acceptable, we can volunteer to draft a running CR based on this text proposal.
Proposal 10 Draft a running CR based on the text proposal in section 3.
4.x
Support for Proximity-based Services (ProSe)
4.x.1
General

Proximity Services (ProSe) are services that can be provided by the 3GPP system based on UEs being in proximity to each other. Architectures and reference models are described in TS 23.303. This section describes the signalling over Uu and PC5 necessary to support the services D2D Communication and ProSe Direct Discovery.
4.x.2
Procedures for ProSe Direct Communication

This description relates to section 5.4 of TS 23.303 and describes the details of the Access Stratum protocol for the case that the UE is authorised to transmit and/or receive ProSe Direct Communication.

As part of the procedure “1. UE is configured with group information” the eNB provides the UE with a ProSe configuration. This configuration enables the UE to

-
receive ProSe Direct Communication,

-
request radio resources for transmission in ProSe Direct Communication mode 1,
-
transmit ProSe Direct Communication mode 2.

For ProSe Direct Communication mode 1, the UE obtains radio resources for transmitting from the eNB through random access procedure, and/or scheduling request procedure.

4.x.3
Procedures for ProSe Direct Discovery
This description relates to section 5.3 of TS 23.303 and describes the details of the Access Stratum protocol for the case that the UE is authorised to announce and/or monitor ProSe Direct Discovery.

As part of the procedure “1. Service Authorisation” the eNB provides the UE with a ProSe configuration. This configuration enables the UE to

-
monitor ProSe Direct Discovery,

-
announce ProSe Direct Discovery type 1,

-
request radio resources to announce ProSe Direct Discovery type 2.
For ProSe Direct Discovery type 2, the UE obtains radio resources for announcing from the eNB through random access procedure, and/or scheduling request procedure.
4 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
A ProSe-enabled UE is configured over RRC on how to use ProSe services in coverage.
Proposal 2
The configuration contains information about which logical channel is used for D2D Communication.
Proposal 3
Introduce a new MAC CE (ProSe BSR) which the UE uses to indicate the buffer status of D2D services.
Proposal 4
The UE shall only transmit on the ProSe physical channel if it has a valid ProSe grant.
Proposal 5
For D2D Communication mode 1, the UE gets a ProSe grant from the eNB.
Proposal 6
The D2D grant becomes valid in the first Data transmission procedure after reception.
Proposal 7
The validity of the D2D grant is configured by the eNB.
Proposal 8
The UE has information on which subframes are used for transmitting SA.
Proposal 9
The UE shall transmit on the D2D physical channel according to the latest transmitted D2D grant, hence a new D2D grant replaces an existing one.
Proposal 10
Draft a running CR based on the text proposal in section 3.
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