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1 Introduction
In this paper we expand the concepts presented in [4]. We present detailed ideas on the D2D resource allocation procedure when in coverage. We argue that the UE needs to get a grant by the eNB before making the transmission. We also present a detailed proposal on how the legacy request/grant procedure can be adapted for the D2D use case.
2 Discussion
The resource allocation procedure when the UE is in coverage is more complex as the UE need to coordinate with the eNB. In the following section we present how the UE obtains a grant from the eNB before making the D2D transmission.
2.1 Details of transmitter in coverage
In [4] an overview of the scheduling procedure for transmitter in coverage can be found. In this section more details of the various messages are presented. It should be noted that it is assumed that devices are properly synchronized. Briefly, the UE procedure has three steps:

Step 1
Get resources for data transmission (the Scheduling Assignment) (see section 2.2.1)
Step 2
Transmit the Scheduling Assignment (see section 2.2.2)
Step 3
Transmit the data (see section 2.2.3)
The three steps are described further in the following sections.

2.1.1 Getting resources for data transmission
It is often useful to reuse existing procedures. The UL resource request/grant procedure for Legacy LTE is as below:
Step 1
UE sends SR (Scheduling Request) to eNB via PUCCH;

Step 2
eNB grants UL resource (for UE to send BSR) via PDCCH, scrambled by C-RNTI;

Step 3
UE sends BSR indicating the buffer status via PUSCH;

Step 4
eNB grants UL resource (for UE to send data) via PDCCH, scrambled by C-RNTI.
The purpose of Step 1 and step 2 is to grant UL resource for the BSR. A BSR can be useful also for D2D, as the eNB may grant more resources if the UE has a lot of data to send. We do not foresee that a BSR for D2D will be much bigger than the one used for Legacy LTE, hence Step 1 and Step 2 can be used as baseline for D2D.
The purpose of Step 3 and Step 4 is to grant UL resources for data transmission. As the resources for D2D traffic may only be allocated from the D2D data resource pool the eNB needs to know that the UE requests resources for D2D traffic. Therefore, the eNB needs to be able to distinguish the BSR for D2D from the Legacy BSR. Similarly, the UE must be able to distinguish the grant for D2D in Step 4 from Legacy grants.

Observation 1 The LTE procedure for resource request/grant can be reused for D2D with minor modifications.
Observation 2 The SR and its succeeding resource grant can be reused without the need to distinguish between D2D and Legacy LTE.
Observation 3 The BSR and its succeeding resource grant needs to be distinguishable between Legacy LTE and D2D.

Observation 3 is addressed in the following sections.
2.1.1.1 D2D BSR

In Legacy LTE, BSR is defined as a MAC control element identified by MAC PDU subheader with specific LCID (11101 for short BSR and 11110 for long BSR) [2]. Similar to Legacy LTE, a D2D BSR can be defined as a MAC control element. A MAC PDU subheader with a new LCID can be used to identify this element and distinguish it from Legacy LTE BSR. The LCID definition is as below [2]:
3GPP TS 36.321 Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11000
	Reserved

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


One reserved value of LCID, e.g. 11000, can be used to identify D2D BSR.

Proposal 1 The D2D BSR can be defined as a MAC control element, e.g., identified by MAC PDU subheader with LCID 11000.
2.1.1.2 D2D BSR content

The Legacy LTE BSR is defined as below [2], which can be the baseline to define D2D BSR.
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3GPP TS 36.321 Figure 6.1.3.1-1: Short BSR and Truncated BSR MAC control element
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3GPP TS 36.321 Figure 6.1.3.1-2: Long BSR MAC control element

In Legacy LTE, when there are more than one LCG being non-empty, but the padding bits are not enough for a long BSR, truncated BSR will be transmitted. For D2D in Rel-12 we foresee that one LCG will be sufficient. Therefore there will not be a need for a truncated BSR.
In Legacy LTE, the long BSR is used to report buffer status of all logical channel groups. In D2D in Rel-12, only broadcast service is considered, i.e., only one logical channel group. As a result, short BSR is enough for D2D in Rel-12. To support more services in future releases long BSR can be defined as a new control element, without any impact to the short BSR defined in Rel-12.
Observation 4 Short BSR is needed for D2D in Rel-12.
The Logical Channel Group ID field identifies the group of logical channel(s) whose buffer status is being reported. For D2D in Rel-12, only broadcast service is considered. To limit the complexity of the D2D BSR definition, LCG ID should be included. In Rel-12, its value can be set to a fixed value, e.g. 00.
Proposal 2 The LCG ID is included in the D2D short BSR, e.g., with value fixed to 00.
In Legacy LTE, the Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after all MAC PDUs for the TTI have been built. The field can be useful for D2D and the same defintion as in Legacy LTE can apply.
Proposal 3 The Buffer Size is included in the D2D short BSR, with same definition as Legacy LTE.
For Rel-12 we envision that very few MCSs will be standardized for D2D service. The freedom of the eNB scheduling process is further restricted by the, potentially limited and preconfigured, D2D resources. Thus, the actual buffer size may not be critical for the functionality of D2D communication in Rel-12, i.e., the eNB maybe assumes a VoIP service based on the new D2D BSR and take action based on that information and not on the buffer size. However, we think by including the buffer size, with the same definition as Legacy LTE, the existing functionality in the UE can be reused, limiting the complexity increase while at the same time providing a more future-proof solution in case more services are envisioned in future releases.

2.1.1.3 Resource grant
As mentioned above, the BSR and its succeeding resource grant needs to be distinguishable between Legacy LTE and D2D. MAC PDU subheader with LCID 11000 can be used for eNB to distinguish D2D BSR from Legacy LTE BSR. 
There is no explicit binding between a BSR and its succeeding resource grant. For example, a UE may send a Legacy LTE BSR requesting resources for LTE. Before receiving corresponding grant, the UE sends a D2D BSR requesting resources for D2D. When the UE receives resource grant, the UE needs to know what the grant is for, D2D or Legacy LTE, explicitly or implicitly.

One possible solution is to have different scrambling to distinguish between Legacy LTE and D2D. For Legacy LTE, the resource grant corresponding to a Legacy LTE BSR is transmitted via PDCCH scrambled with C-RNTI. For D2D, the resource grant corresponding to a D2D BSR could be scrambled with some other RNTI, here called “D2D-RNTI”.
Proposal 4 The resource grant corresponding to a D2D BSR is scrambled with a new RNTI, called D2D-RNTI.
2.1.1.4 Proposed request/grant procedure for D2D
Based on the above discussion and the identified problems in observation 3, we propose the following request/grant procedure for D2D:
Step 1.1
UE sends SR (Scheduling Request) to eNB via PUCCH;

Step 1.2
eNB grants UL resource (for UE to send BSR) via PDCCH, scrambled by C-RNTI;

Step 1.3
UE sends D2D BSR indicating the buffer status via PUSCH;

Step 1.4
eNB grants D2D resource (for UE to send data) via PDCCH, scrambled by D2D-RNTI.
Upon completion of this procedure the UE will have a D2D resource to transmit the data on.

Proposal 5 Before performing a D2D transmission in coverage, the UE shall get a grant from the network.
2.1.2 Transmission of the 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. The content of the SA is basically the grant received in Step 1.4 above. When in coverage the content of the SA is decided by the eNB. There could also be other control information in the SA, such as the identity of the transmitter.
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 is results in a significantly higher power consumption compared to using SA [3]. 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.
Using SAs is a trade-off between control overhead and flexibility. At least the following advantages with SAs may be envisioned:

-
Little overhead and more resources left for data due to small amount of information to be carried by SAs;

-
Allowing for receiving data more energy efficiently, since only the resources indicated by SA need to be monitored;

-
Possibility to coordinate between cellular and D2D traffic in a resource-efficient way, since SA resources and data channel resources are configured by the network (for in-coverage broadcasting UEs);

More information on Scheduling assignments can be found in [3].
2.1.3 Transmission of the data

Once the UE has received the grant from the eNB and sent the corresponding scheduling assignment the UE transmits the data on the Physical Broadcast Data Channel. The same transport block needs to be repeated up to three times in order to meet the coverage criteria. The exact definitions and characteristics are out of RAN2 scope, but a discussion can be found in [1].

The following example can be made for VoIP. One voice frame is generated by the speech encoder every 20 ms. If frame bundling is not considered and three retransmissions are needed, D2D resources need to be allocated every 5 ms. 
2.1.4 Summary of scheduling procedure for D2D

The following table summarizes our proposal for scheduling procedure and data transmission for D2D UEs when in coverage.

Table 1 – Procedure for the UE when making a D2D transmission in coverage
	
	Message type
	Channel
	Scrambling
	Note

	1
	SR
	PUCCH
	
	

	2
	Grant for BSR
	PDCCH
	C-RNTI
	

	3
	D2D BSR
	PUSCH
	
	Only new LCID needed

	4
	Grant for D2D Data
	PDCCH
	D2D-RNTI
	New

	5
	Scheduling assignment
	Physical broadcast data channel
	FFS
	Designed by RAN1

	6
	D2D Data
	Physical broadcast data channel
	FFS
	Designed by RAN1


Proposal 6 Capture Table 1 in the technical report.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The LTE procedure for resource request/grant can be reused for D2D with minor modifications.
Observation 2
The SR and its succeeding resource grant can be reused without the need to distinguish between D2D and Legacy LTE.
Observation 3
The BSR and its succeeding resource grant needs to be distinguishable between LTE and D2D.
Observation 4
Short BSR is needed for D2D in Rel-12.


Based on the discussion in section 2 we propose the following:
Proposal 1
The D2D BSR can be defined as a MAC control element, e.g., identified by MAC PDU subheader with LCID 11000.
Proposal 2
The LCG ID is included in the D2D short BSR, e.g., with value fixed to 00.
Proposal 3
The Buffer Size is included in the D2D short BSR, with same definition as Legacy LTE.
Proposal 4
The resource grant corresponding to a D2D BSR is scrambled with a new RNTI, called D2D-RNTI.
Proposal 5
Before performing a D2D transmission in coverage, the UE shall get a grant from the network.
Proposal 6
Capture Table 1 in the technical report.
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