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1 Introduction
During the work on LTE proximity services study item, the RAN1 WG has discussed possible resource allocation modes for different scenarios. According to the latest working assumption a transmitting D2D UE can operate in two resource allocation modes: Mode-1 (eNodeB controlled) and Mode-2 (autonomous resource selection by UE). At the last RAN1 WG meeting, the following agreements were made with respect to resource allocation Mode-1.
Working assumption:
· For Mode 1, DCI format which is same size as existing DCI format 0 is used for allocating D2D Data and SA

· Same grant for D2D Data and SA

· For Mode 1, a D2D RNTI is used to distinguish a grant for WAN from grant from D2D

In this contribution, we discuss remaining details of D2D Mode-1 operation within network coverage and consider multiple aspects including resource configuration, signaling and time resource patterns for transmission.
2 D2D Communication Resource Pool Configuration
In general case, the D2D communication resource pool is composed from synchronization resources, scheduling assignment resources (D2D control information) and D2D data transmission resources. Within network coverage, an eNodeB provides configuration of the D2D communication pool resources to D2D-enabled UEs via RRC signaling.
2.1 Scheduling Assignment Resources

The scheduling assignment (SA) resources are used to carry the D2D control information (D2DCI) signaling used to inform D2D receivers about physical parameters of the subsequent direct transmissions. The resources for SAs may be allocated periodically (e.g. every 80 ms). In general, the periodicity of SAs can be configured by eNodeB and may depend on the FDD/TDD mode of operation as well as on UL-DL configuration in case of TDD. In case of inter-cell D2D communication, UE needs to be aware about SA resources allocated in neighboring cells. In order, to simplify D2D operation the SA resources from different cells need to be aligned across cells. In opposite case, eNodeB needs to indicate SA resources for each neighboring cell.
Proposal 1
· Periodicity and structure of SA resource pool for D2D reception is configured by eNodeB and broadcasted to D2D capable UEs via SIB signaling.
· eNodeB informs UEs about the location of SA resources in neighboring cells, if the latter are not aligned across network.
For Mode-1 operation, the SA resource pool needs to be known to all D2D-capable UEs and considered as a “reception pool”. The SA “transmission pool” may be cell-specific and D2D capable UEs do not need to know the Mode-1 SA resources from transmission perspective, since it is granted by eNodeB to RRC_CONNECTED UEs, although it can be implied that eNodeB selects one of the SA resources for D2D SA transmission.

2.2 Data Transmission Resources

According to current working assumption, the time resource patterns for transmission (T-RPT) are defined over the set of D2D subframes. In Mode-1 it is commonly understood that resources for data transmission are not explicitly configured in order to preserve scheduling flexibility. In this case, the Mode-1 data resources can be conducted as all subframes excluding DL subframes (for TDD case), SA resource pool, Synchronization resources, Discovery resources and possibly Mode-2 configured resources (see Figure 1). Alternatively the Mode-2 resources can be a part of Mode-1 data resource pool. In this case eNodeB may have a freedom whether to schedule Mode-1 data transmissions within Mode-2 resource pool by selecting appropriate T-RPT patterns or oppositely schedule Mode-1 transmissions in resource that overlap with Mode-2 resource pool by selecting appropriate T-RPT patterns.
As for frequency resources, there is no need to explicitly configure those for Mode-1 operation, because the frequency allocation for Mode-1 D2D transmissions is fully controlled by the eNodeB.
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Figure 1. Example of logical Mode-1 D2D subframe set

Proposal 2
· In Mode-1, the D2D data transmission pool resources are UL subframes that do not belong to SA, SYNC and Discovery resources.
· It is up to eNodeB decision, whether Mode-1 data transmissions overlap with Mode-2 resource pool (The proper subset of T-RPTs can be used to enable both modes).

3 eNodeB Control for D2D Data Transmissions
Within network coverage, eNodeBs control all D2D transmissions. The following 4-step D2D scheduling procedure is used for direct communication under eNodeB control:

A. UL transmission of the D2D Scheduling Request (D2DSR) by D2D transmitter to eNodeB;
B. DL reception of the D2D Scheduling Grant by D2D transmitter from the eNodeB;
C. Transmission of D2D Control Information by D2D transmitters to D2D receivers;
D. Transmission of D2D data over direct link.

In the next sub-sections, we consider all these steps in more details.
3.1 D2D Scheduling Request

A D2D-enabled UE which has D2D traffic requests scheduling resources for broadcast transmission via L2 D2D Scheduling Request (D2DSR) carried over PUSCH channel. In RAN2, the D2DSR is agreed to be a separate MAC CE for ProSe BSR which contains at least logical channel group ID and buffer status report. However, RAN1 may suggest additional information to facilitate eNodeB scheduling of the D2D traffic and resource planning.
Proposal 3
· Further discuss RAN1-specific details of the additional buffer status report content and inform RAN2 WG in order to assist the eNodeB in terms of optimal SA and data resource allocation.
3.2 D2D Scheduling Grant

Once eNodeB received D2D scheduling request, it may allocate resources for D2D transmission or deny the D2D transmission request. In case of eNodeB decision to schedule D2D transmission, eNodeB transmits a D2D scheduling grant in ePDCCH/PDCCH channel scrambled with D2D-RNTI to communicate the scheduling decision on resources to be used by the D2D UE. The proposed content of the information carried over the D2DSG is provided in Table 1. As per agreement from the previous meeting, it is assumed that single D2D grant schedules both SA and data transmissions.
Table 1: On the content of D2D Scheduling Grant carried in (e)PDCCH
	Information
	Description
	Values
	Amount of bits
	Required or may be (pre) configured (e.g. through RRC)

	SA transmission
	

	SA frequency allocation
	Start PRB position of SA transmission
	[0... the number of PRB in bandwidth – 1]
	3 (1.4 MHz)

4 (3 MHz)

5 (5 MHz)

6 (10 MHz)

7 (15 MHz)

7 (20 MHz)
	Required

	SA T-RPT
	Start subframe in SA region
	FFS
	4
	Configured or explicit timing between D2D scheduling grant and SA transmission is predefined

	Data transmission
	

	Frequency allocation
	Frequency resources for data transmission as in DCI Format 0. 1 bits is used for frequency hopping pattern type if frequency hopping is enabled
	See DCI format 0
	5 (1.4 MHz)

7 (3 MHz)

9 (5 MHz)

11 (10 MHz)

12 (15 MHz)

13 (20 MHz)
	Required

	Frequency hopping flag
	Flag for inter-subframe frequency hopping enabling
	[0, 1]
	1
	May be configured

	MCS
	Modulation and coding scheme for data transmission
	[0..31]
	5
	Required

	T-RPT info
	T-RPT information. Different interpretation depending on configured T-RPT type
	N/A
	8
	Required

	NTTI
	Number of retransmissions of a single PDU
	[1,2,3,4]
	2
	May be configured

	Retransmission type
	IR or CC Flag
	[CC, IR]
	1
	May be configured

	Multiple PDU mapping type
	Mapping type for multiple PDU retransmissions: consecutive or interleaved
	[cons, inter]
	1
	May be configured

	NPDU
	Number of PDUs for transmission in current SA cycle
	[1..FFS]
	4
	May be configured

	TPC command
	Transmit power control command
	[-1, 0, 1, 3] or [-4, -1, 1, 4]
	2
	May be in a separate DCI Format 3/3a

	Total number of bits
	Required
	May be configured
	Total

	
	21 (1.4 MHz)

24 (3 MHz)

27 (5 MHz)

30 (10 MHz)

32 (15 MHz)

34 (20 MHz)
	15
	36 (1.4 MHz)

39 (3 MHz)

42 (5 MHz)

45 (10 MHz)

47 (15 MHz)

49 (20 MHz)


From the Table 1 it can be concluded, that the minimum required DCI size e.g. for 10 MHz is 30 bits without CRC. The corresponding DCI Format 0 size is 26 bits (assuming FDD and no Carrier Aggregation). It means that the assumption on DCI Format 0 should be changed or the content of D2D scheduling grant need to be reduced. The following options may be considered:
Alternative 1: Reduce D2D scheduling grant content size to fit DCI format 0 size
The currently proposed message content can be reduced introducing the following changes:

1) Implicitly signal the data frequency position by SA frequency position.
The drawback of this approach is the issue with TDM of the D2D data transmissions occupying the same frequency resource.
2) Introduce larger frequency resource granularity for SA and/or data.

If SA resource size is agreed to be 2 PRB instead of the recommended 1 PRB [1], then additional 1 bit may be removed from the message size. If data resource size granularity is set to 2 PRB (2, 4, 6…) then 2 bits may be removed from the message.

3) Reduce MCS table for D2D.

It is already agreed, that QAM64 modulation is not used in D2D that limits the set of MCSs to 21. Removing 5 more MCSs from the QPSK and QAM16 sets will results in 4 bits field in the DCI instead of 5 bits.
4) Introduce maximum frequency allocation size for data.
The limiting of maximum frequency allocation size can bring additional signaling reduction. Removing 1 bit from allocation signaling restricts the maximum allocation in two times.
5) Reduce the T-RPT info signaling.
The T-RPT info may also be reduced.

All of the above mentioned changes can provide us several bits saving. If these changes deemed to significantly limit the flexibility of the D2D communication then other alternatives can be considered.

Alternative 2: Introduce new physical layer DCI format

The introduction of a new DCI format will increase number of blind decoding attempts which should be avoided.

Alternative 3: Introduce L2 message and associated payload for D2D scheduling grant.
The specification of a special L2 message may benefit the D2D operation. The L2 message is sent in a PDSCH allocation which is scheduled by conventional DCI. The DCI may be scrambled by UE-specific D2D-RNTI. The content and size of L2 message may be even flexible and include optional fields from the proposed table. 
Observation 1
· The required size of DCI content exceeds the DCI Format 0 size even if some optional fields are configured via RRC
Proposal 4
· Agree on the content of the D2D scheduling grant provided in Table 1.
· Discuss potential solutions to reduce the number of bits required for D2D scheduling grant transmission.
3.3 D2D Control Information (D2DCI)
The D2D control information (D2DCI) on the direct link is transmitted periodically on scheduling assignment resources, so that any D2D enabled UE can utilize benefits of DRX operation and wake up periodically, decode D2DCIs and decide on decoding of data transmissions from transmitters of interest. A D2D transmitter sends D2DCI prior to the actual direct data transmission indicating to the receiving UEs parameters of its own transmission. D2D receiving UEs process the D2DCI information and decide which subframes carry direct traffic.
The content and other details of the D2DCI message are discussed in our companion contribution [1]. In Mode-1, the SA subframes for D2DCI transmission may be implicitly derived from the subframe index where D2DSG reception happened using predefined timing relation. The minimum offset between D2DSG and first D2DCI transmission subframe can be fixed in the specification (e.g. to 4ms in case of FDD). If retransmissions of SA is configured, then the time-frequency resource for the retransmission is deterministically derived from the first transmission’s time-frequency resource. The procedure for determining retransmission resources is also suggested in [1].
Proposal 5
· Explicit timing is defined between the time instance when D2D transmitter has received the D2D scheduling grant from eNodeB and the time instance when D2D transmitter sends first transmission of D2D control information on the scheduling assignment resource pool.
· The time-frequency resources for SA re-transmissions are deterministically derived from the resource of the first SA transmission.
3.4 Direct Data Transmission
For D2D communication under eNodeB control, the time resources for direct data transmission in between scheduling assignments needs to be defined. Following the procedure described in section 2.2, the Mode-1 data transmission resources are all subframes excluding DL, D2D synchronization, Discovery, SA and possibly Mode-2 resources that is all UL subframes without explicitly configured D2D transmissions.
The fact, that all UL resources may be included in logical Mode-1 D2D subframe set complicates eNodeB control of D2D transmission especially if time randomized T-RPTs are used, which are shown to provide good performance for Mode-2 operation [2]. In case of randomized T-RPTs any subframe of the logical pool may be indicated for D2D transmission. These may cause restriction on eNodeB long term periodic operation, such as SPS, DRX, measurement gaps as well as HARQ ACK/NACK transmissions by UEs. To avoid such scheduling problems, the regular T-RPT patterns need to be introduced. The regular pattern can be constructed using predefined set of T-RPTs signaled in RRC or some periodic T-RPT generation rule may be specified.
Additionally to the randomized T-RPTs, it is proposed to introduce T-RPT generation rules, which benefit Mode-1 operation. The following procedures are suggested:
Option 1: T-RPT definition using periodic structure

In order to describe T-RPT using periodic structure the following parameters are defined:

NSF – the number of consecutive TTIs per repetition period;

O – integer offset relative to SA transmission instance;

G – gap between occurrences of NSF TTIs.

According to the proposed procedure, sets of NSF consecutive subframes with offset O from the beginning of SA cycle are generated and repeated with period G + NSF until the end of SA cycle. In case if integer number of periods does not fit into SA cycle, then residual part of SA cycle is filled by the beginning of TTI set.
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Figure 2. Example of T-RPT generation with periodic equation

In order to enable the receiving UE to reconstruct the T-RPT unambiguously, the parameters used for the T-RPT generation should be known to the D2D receiver. The receiver may know these parameters by decoding the SA message sent by D2D transmitter. Signaling of these parameters may be subject to some restrictions if necessary. For example, the value O should be less than G + NSF, in order to have periodical structure within SA cycle. Other restrictions may be also introduced.

Table 2. Signaling of parameters for periodic T-RPT

	Parameter
	Number of bits
	Values range

	NSF
	2
	[1, 2, 4, 8] or [1, 2, 3, 4] – (pre)configured by higher layers

	G
	4
	Preconfigured table of gap values. For example:

[0, 1, 2 ,3, 4, 5, 6, 7, 8, 9, SAcycle/16, SAcycle/8, SAcycle/4, SAcycle/3, SAcycle/2, SAcycle]

	O
	2
	Preconfigured parameterized table. For example:

(G-NSF)* [0, 0.25, 0.5, 0.75]


Option 2: Bitmap based T-RPT definition
For Mode-1 D2D operation the set of bitmap patterns can be configured by eNB through higher layer signaling or predefined by specification. The set of patterns may be optimally constructed based on other parameters configured by eNodeB such as SA cycle, number of TTIs per PDU, etc. In this case, the (pre)configured bitmaps may be used for T-RPT generation. Note, that to reduce signaling burden both in RRC and SA, the small set of short patterns may be defined e.g. 16 patterns of 10-20 bits.

For the bitmap based mechanism of T-RPT generation the following two options are possible:

Alt.1 eNodeB configures the common set of bitmap patterns used for T-RPT construction and the set of available repetition periods (the period may be an optional parameter or set to default value). In this case, the D2D transmitter indicates preferred bitmap pattern index within configured set and period used for T-RPT construction. Alternatively several bitmap patterns may be predefined by specification for each UL-DL configuration.
Alt.2 eNodeB configures two bitmap patterns of potentially different lengths. These patterns are (pre)configured to all UEs and are used for T-RPT construction. According to this mechanism, the 1st bitmap pattern is used to replicate the 2nd bitmap pattern over the set of available D2D subframes from the D2D resource pool.

Proposal 6
· Bitmap based mechanism is used for T-RPT definition.
· For Mode-1, the regular patterns for T-RPTs construction are specified.
4 Conclusions

In this contribution we provided our views on D2D operation under eNodeB control and Mode-1 resource allocation. Based on the discussion presented in the document we have the following proposals:
Proposal 1
· Periodicity and structure of SA resource pool for D2D reception is configured by eNodeB and broadcasted to D2D capable UEs via SIB signaling.
· eNodeB informs UEs about the location of SA resources in neighboring cells, if the latter are not aligned across network.
Proposal 2
· In Mode-1, the D2D data transmission pool resources are UL subframes that do not belong to SA, SYNC and Discovery resources.

· It is up to eNodeB decision, whether Mode-1 data transmissions overlap with Mode-2 resource pool (proper subset of T-RPTs can be used to enable both modes).

Proposal 3
· Further discuss RAN1-specific details of the additional buffer status report content and inform RAN2 WG in order to assist the eNodeB in terms of optimal SA and data resource allocation.

Proposal 4
· Agree on the content of the D2D scheduling grant provided in Table 1.

· Discuss potential solutions to reduce the number of bits required for D2D scheduling grant transmission.
Proposal 5
· Explicit timing is defined between the time instance when D2D transmitter has received the D2D scheduling grant from eNodeB and the time instance when D2D transmitter sends first transmission of D2D control information on the scheduling assignment resource pool.
· The time-frequency resources for SA re-transmissions are deterministically derived from the resource of the first SA transmission.

Proposal 6
· Bitmap based mechanism is used for T-RPT definition.
· For Mode-1, the regular patterns for T-RPTs construction are specified.
References

[1] R1-142870, “On D2D scheduling assignment content and physical structure”, Intel Corporation, August 2014
[2] R1-142871, “Resource Allocation for Mode-2 D2D Operation”, Intel Corporation, August 2014
PAGE  
7/7

Mode-1
Overall resource pool
Mode-1
D2D  Logical Pool
Sync
SA
Discovery
Mode-2 data resources








Periodic regular pattern
SA Scheduling cycle
Transmission
 opportunity
-




Offset
NSF
G



