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1
Introduction
During RAN#63 the LTE D2D ProSe work item was approved with the following objective [1]:

The objective of this work item is to enable device to device discovery in network coverage (intra-cell and inter-cell) and communication in network coverage (intra-cell and inter-cell), in partial network coverage and outside network coverage. The communication part is targeted to apply only to public safety use. The partial network coverage and out of network coverage scenarios apply only to public safety use. The work will proceed from the starting point of the agreements and working assumptions reached during the study item as captured in TR 36.843.

Details of physical layer design for D2D broadcast communication are to be specified:

In particular:
1) Define physical signals and channels and related UE behaviors for D2D discovery and broadcast communication [RAN1]

a) Specify synchronization signal (D2DSS) and, if supported, synchronization channel (PD2DSCH)

b) Specify modifications, if any, of PUSCH for D2D discovery and broadcast communication (data and scheduling assignments)

c) Specify control needed for physical layer signal transmission/reception for broadcast communication

In this contribution we discuss the remaining issues for physical layer D2D control signaling and relevant scheduling assignment (SA) design details.
2
Scheduling Assignment Details
We discuss details of control information signaling within the scheduling assignment in this section. 

2.1 Scheduling Assignment Time/Frequency Resource Allocation
From RAN1#77 the following agreement concerning the SA was reached:

Agreement:  

· For both Mode 1 and Mode 2, resource for single transmission (i.e. 1 subframe) of SA is FFS between 1 PRB-pair and 2 PRB-pair

· Retransmissions of SA are supported

· FFS whether Chase combining

· Total number of transmissions of SA is FFS between
· fixed to a single value in specifications, and
· (pre-)configurable among two values
· FFS until RAN1#78 what these values are
· Number(s) of SA subframes in the SA resource pool FFS until RAN1#78 
· Given a certain SA resource pool and time/frequency resource that is used for a transmission of an SA message by a UE, the other time/frequency resources used by the same UE for transmission(s) of the same SA message within an SA resource period are known and fixed in the specification
· Details FFS
· FFS on whether/how to minimize the collision of transmissions in Mode 2
According to the above agreements, within a single SA transmission period, time/frequency resources for one or multiple transmission instances of the same SA by the transmitting UE multiple transmissions of SAs should be configured such that UEs transmitting a SA have opportunities to obtain the SAs of other transmitting UEs within the same periodic SA transmission cycle. However the overall system overhead of the SA transmissions should be taken into account such that cellular transmissions can coexist without significant loss of resources and the latency between the SA and data periods should also be minimized as well. 
As a result the following is proposed:  
Proposal 1:
SA time/frequency resources:
· Size: 1 PRB
· Repetitions: (pre)configured between 1 and 2 transmissions per SA transmission period
· SA frequency hopping is deterministic based on frequency location of initial transmission
Additionally from RAN1#77 the following agreement concerning frequency hopping for the SA was reached:

Agreement: 

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Details FFS, including: 

· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

· FFS: Whether or not frequency hopping is used, e.g:

· configurable for Mode 1

· preconfigured for Mode 2

· FFS details of hopping parameters and how they are (pre-)configured

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)

The applicability of frequency/time hopping is for both and SA and data transmissions. However, in our view, since SA and data reception are decoupled and require different levels of robustness, different hopping configurations may be applied to SA and data transmissions.

Based on the SA design given in Proposal 1 and the agreement in RAN1#77 that, “Given a certain SA resource pool and time/frequency resource that is used for a transmission of an SA message by a UE, the other time/frequency resources used by the same UE for transmission(s) of the same SA message within an SA resource period are known and fixed in the specification,” a simple deterministic time/frequency hopping pattern should be applied in the case that two subframes are utilized for transmitting a SA and one repetition. 

The SA hopping mapping pattern may be based upon an index set and a predefined symmetric frequency hopping across transmission slots. Each allocation is associated with an index m, where m can take a value {0,… N_SARB-1} where N_SARB is the number of RBs allocated for SA transmission in the SA resource pool. If a UE is allocated index m in time slot t, in time slot t+1 the UE will be allocated with the frequency symmetric RB of the time t allocation. Figure 1 gives an example hopping pattern for four time slots (N_T = 4) and N_SARB = 4.
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Figure 1. Example time/frequency hopping pattern for N_SARB = 4 SA and N_T = 4 subframes.
2.2 Data Time/Frequency Resource Signaling 
For the T-RPT indication, during RAN1#77 the following agreements were made:

Agreement:

· The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis

Working Assumption:

· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA

· T-RPT in the SA indicates:

· Transmission interval(s) between transmission of multiple MAC PDUs

· Number of transmissions of a given MAC PDU (if more than one value is possible)

· Resources for transmission of each MAC PDU

· T-RPT has no more than 256 values

· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers

· FFS whether (and if so how) the frequency resource might be jointly signalled with time domain info

· FFS whether the interpretation of the bits is UE-specific or common

At RAN1#78, consider details of the T-RPT.

Decoupling the time and frequency signaling is beneficial to provide a larger number of possible combinations for resource allocation which results in better half-duplex and interference avoidance support. 
Proposal 2:
· Separate indication of time and frequency resources are supported within the SA.

2.2.1 Time Resource Signaling 
In order to provide sufficient flexibility for a D2D UE transmitter to transmit D2D transport blocks with different periodicities and with or without retransmissions two separate time domain resources can be signaled in the T-RPT:

1. a first set of time domain resources for new D2D transport blocks, and 

2. a second set of time domain resources for retransmissions of D2D transport blocks.
For the first set of time domain resources a time resource periodicity indicator (d2dDataPeriodicity) is signalled by the SA which indicates the periodicity of new D2D transport block transmissions corresponding to different MAC PDUs. The time location of the first transmission of the given SA, determined by its SFN (SFNstart time, 0..10240) and its subframe index (subframestart time, 0…9), can indicate the start time of the corresponding new D2D data or transport blocks scheduled by the SA. In other words, the time location of the SA as well as the time resource periodicity indicator indicate the absolute time locations of new D2D transport blocks. This is beneficial since, given the same periodicity, if the SAs of two D2D UEs are transmitted in different subframes, the first D2D data subframes of the two D2D UEs are also different; this ensures the two D2D UEs can hear each other’s SA and the other D2D receiver UEs can also receive the D2D SA and data from both D2D transmitter UEs. The subframe whether the SA is first transmitted is used for determining SFNstart time and subframestart time  and is referred to as the reference SA subframe. 
The number of new D2D transport blocks allocated by the SA also should be indicated to the Rx UEs. The number of bits to indicate the number of new tranmissions in the SA can be 
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, where Nmax is the maximum N value which may be configured by the network or preconfigured in the case of out-of-network operation. 
Thus, the time resources for the Nth new D2D data or transport block is transmitted in the subframe are indicated by the SA according to: 

(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * d2dDataPeriodicity ] modulo 10240,       
where SFNstart time and subframestart time are the SFN and subframe, respectively, for the reference SA. Figure 2 illustrates an example where N=2. 
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Figure 2. Time resources of new D2D data transport blocks
Since voice is one of the main uses cases for D2D broadcast communication, the set of indicated periodicities can be chosen to match with the existing periodicities supported by semi-persistent scheduling of PDSCH for carrying VoIP traffic. For example, Table 1 shows values which support both FDD and TDD systems. 

Table 1:Time resource periodicity indicator (d2dDataPeriodicity)
	Time resource periodicity indicator
	D2D data periodicity (subframes or miliseconds)

	0000
	10

	0001
	20

	0010
	30

	0011
	40

	0100
	60

	0101
	80

	0110
	120

	0111
	160

	1000
	320

	1001
	640

	1010-1111
	Reserved


Advantages of this approach are a common design for both FDD and TDD, and that a larger periodicity is always an integer multiple of a smaller periodicity which helps reduce fragmentation of UL cellular resources caused by D2D communications.

For the second set of time domain resources, the SA can include a bit field that indicates the location of the second set of time domain resources for the purpose of D2D transport block retransmissions. D2D UEs may be (pre)configured with a set of retransmission time patterns where each pattern is labeled with an index, and the signaling in the SA can indicate the retransmission time pattern index. Each higher layer configured retransmission pattern corresponds to a bitmap marking the subframes within the set of subframes reserved for D2D communications. The size of the bitmap corresponds to the number of D2D subframes in between two adjacent D2D subframes used for transmissions of new transport blocks. Figure 3 illustrates an example retransmission time allocation where the bitmap of 010 indicates that the second D2D subframe after the first new D2D data transport block is used for a retransmission.
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Figure 3. Time resources for D2D data transport block repetitions
Proposal 3:
· The T-RPT signaled in the SA includes the following fields:
· number of new D2D data transport blocks
· time resource periodicity indicator for new D2D data transport blocks
· retransmission time pattern index
Proposal 4:
· The time resources for the Nth new D2D data or transport block is transmitted in the subframe are indicated by the SA according to: 

(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * d2dDataPeriodicity ] modulo 10240,       

where SFNstart time and subframestart time are the SFN and subframe, respectively, for the reference SA.
2.2.2 Frequency Resource Signaling 
The resource allocation information for frequency resources should follow the principles of existing uplink resource allocation types such as localized RB allocation since the D2D data transmission are based on the PUSCH structure. As a result Uplink Type 0 resource allocation may be taken as the starting point for the frequency resource signalling provided by the SA.

With this baseline, the SA can indicate to the Rx UEs a starting D2D resource block (
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Proposal 5:
· Uplink Type 0 resource allocation should be the baseline for D2D data frequency allocation signaled by the SA.

Further optimizations may also be considered since the frequency granularity for D2D broadcast communication may be limited to a few fixed values, especially in the case of Mode 2 resource allocation utilized in out-of-network deployments where coordination is limited and only a few traffic types typically utilized (e.g. VoIP).

Since the above signalling only provides the initial frequency allocation, in the case that multiple data transport blocks are indicated by the SA (including retransmissions) a time/frequency hopping pattern needs to be indicated by the SA to provide the relative location of the remaining transmissions indicated by the T-RPT. Details time/frequency hopping for D2D data transmissions are provided in [2] and [3].

2.3 NDI/RV
TTI bundling or blind HARQ may be required for transmitting data channel to guarantee the decoding performance, since closed loop physical layer feedback such as HARQ ACK/NACK would not be used in D2D communication in Rel-12. If Chase Combining (CC) is applied, NDI is necessary to indicate the receiving UE whether to combine the received signal with previous ones. If Incremental Redundancy (IR) is adopted for D2D communication data channel, RV needs to be signaled. 
According to the T-RPT allocation provided above, new D2D transport blocks may subsequently followed by the retransmissions. However, interleaving of the transmissions/retransmissions of different MAC PDUs is not proposed. This is intended to greatly simplify the combining operation at the Rx UE and performance impact is not expected since only broadcast communication is targeted for Rel-12 and individual link adaptation is not feasible. 
From RAN1#77 the following agreement concerning NDI/RV indication was reached:

Agreement:
· Explicit NDI is not needed

RV for data:

Decide at RAN1#78 between:

· Alt 1: implicitly determined from data resource allocation
· Alt 2: 1 bit is provided in SA to configure between Chase combining or a fixed RV pattern
The same as for the NDI, implicit RV indication for data (Alt. 1) is beneficial both to reduce the amount of control signaling for RPT indication as well as provide flexibility for the Tx UE to decide how to utilize available resources for transmission of new data TBs as well as retransmissions. In our understanding there might be two options for the decision of RV indication. First option is that pre-defined RV can be implicitly mapped to each transmission. The other option is indicating RV explicitly using DMRS, e.g. cyclic shift or OCC. For simplicity the first option is preferred.
Proposal 6:

· Redundancy version (RV) can be implicitly implicitly determined from data resource allocation.
2.4 SA Contents
Finally, as discussed previously, the scheduling assignment should provide the time/frequency resources required for the data transmissions. From a Rx complexity point of view it is beneficial to support the same SA design for Mode 1 and Mode 2, including both explicit and implicit resource allocation. Details of the resource allocation procedures for Mode 2 and Mode 1 are provided in [4] and [5].

Proposal 7:

· The same SA design is utilized for Mode 1 and Mode 2.

Table 1 below provides a summary of the control signaling contents of the SA and potential field sizes.  
	Field Name
	Length (bits)
	Comment

	Time/frequency hopping pattern
	2
	Indicates the time/frequency hopping pattern used by data transmissions [2][3]

	Frequency allocation
	5-13
	Size is BW dependent

	RPT for data TBs
	8
	Indicates periodicity of new data transmissions and time location relative to SA location as well as time resources used for retransmissions.

	MCS
	5
	Using the existing 5-bit UL MCS table

	TA
	6
	Discussion on the value of this field is provided in [6]

	SA ID (e.g. Target/Group ID)
	8/16
	May be needed if groupcast support is considered [7]


Table 1. Control information carried in scheduling assignment

Proposal 8:

· The contents of Table 1 are taken as baseline for control information content carried in the SA.
Details of the ID(s) associated with the SA are provided in [7]. In summary the differentiation of a L1 (e.g. SA) ID between broadcast, unicast, and groupcast should be further discussed. As a baseline, for unicast and broadcast, the L1 ID is carried in SA by scrambling SA CRC, while for or group-cast, L1 ID is carried by scrambling SA CRC if each D2D receiver belongs to a small number of groups, otherwise, carrying the ID in the payload should be considered. 
3
Conclusion

Based on the discussion in this contribution, we propose following:
Proposal 1:
SA time/frequency resources:
· Size: 1 PRB
· Repetitions: (pre)configured between 1 and 2 transmissions per SA transmission period
· SA frequency hopping is deterministic based on frequency location of initial transmission
Proposal 2:
· Separate indication of time and frequency resources are supported within the SA.

Proposal 3:
· The T-RPT signaled in the SA includes the following fields:

· number of new D2D data transport blocks
· time resource periodicity indicator for new D2D data transport blocks
· retransmission time pattern index
Proposal 4:
· The time resources for the Nth new D2D data or transport block is transmitted in the subframe are indicated by the SA according to: 

(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * d2dDataPeriodicity ] modulo 10240,       

where SFNstart time and subframestart time are the SFN and subframe, respectively, for the reference SA.
Proposal 5:
· Uplink Type 0 resource allocation should be the baseline for D2D data frequency allocation signaled by the SA.

Proposal 6:
· Redundancy version (RV) can be implicitly implicitly determined from data resource allocation.
Proposal 7:
· The same SA design is utilized for Mode 1 and Mode 2.
Proposal 8:
· The contents of Table 1 are taken as baseline for control information content carried in the SA.
4
References

[1] RP-122009, “3GPP Work Item Description: Study on LTE Device to Device Proximity Services,” RAN#58, Dec. 2012

[2] R1-143089 “Time-frequency hopping design for Mode 1 resource allocation,” Samsung

[3] R1-143085 “Time-frequency hopping design for Mode 2 resource allocation,” Samsung
[4] R1-143088 “Mode 1 resource allocation for D2D broadcast communication,” Samsung

[5] R1-143084 “Mode 2 resource allocation for D2D broadcast communication,” Samsung

[6] R1-143075 “Discussion of TA in D2D SA,” Samsung
[7] R1-143077 “Discussions on ID(s) in SA,” Samsung
_1468937834.unknown

_1469011521.unknown

_1469024452.unknown

_1469011522.unknown

_1469011520.unknown

_1468937787.unknown

