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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 RAN1#76bis, the following agreements related to physical-layer D2D control signaling were reached: 

Agreement: 

· Apart from data channel (and associated DMRS) and scheduling assignment (and possible PD2DSCH), no separate L1 D2D control channel is defined. 

Additionally during RAN1#76bis, the following guidance was provided: 

For RAN1#77:

· Consider how to signal the RPT in the SA (considering both Mode 1 and Mode 2)

· Consider detailed design of the SA transmission

· Consider whether NDI and/or RV are needed and if so how to signal them

In this contribution we discuss the remaining issues for physical layer D2D control signaling and relevant scheduling assignment design details.
2
Additional control signaling for D2D 
We discuss details of potential required control information for resource allocation in this section.
2.1 Resource allocation granularity
From RAN1#76bis the following agreement concerning resource allocation was reached:

Agreements:
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined
· RPT is either implicitly or explicitly signaled by the eNB or Rel-10 Relay for Mode1

· RPT is either implicitly or explicitly signaled in SA

· If multiple transmission opportunities of the same SA are supported

· FFS whether one or more RPT are defined for (re)-transmissions of SAs
Scheduling assignments
As discussed in [3] and [4], multiple time/frequency resource pools may be signaled or preconfigured at least for the reception of scheduling assignments. If multiple transmitting UEs are multiplexed in FDM manner within a given resource pool configured for D2D communication, a transmitting UE cannot receive broadcast data from other UEs simultaneously due to half-duplex constraints. This violates the general concept of broadcasting where all UEs in a given resource set should be able to receive the broadcast data, especially in the case that UEs are in the same public safety group, e.g. firemen group, policemen group, etc. 
Observation 1:
· It is beneficial for UEs transmitting SAs to be able to receive the SA transmissions of other UEs within the same SA cycle.
One solution is to introduce RPTs for the transmission of SAs such that UEs transmitting a SA have opportunities to obtain the SAs of other transmitting UEs within the same periodic SA transmission cycle. In addition, within a single SA cycle, the RPTs may include one or multiple transmission instances of the same SA by the transmitting UE.  
Proposal 1:
· One or more RPTs are defined for SAs including support for multiple transmission opportunities of the same SA within the same SA transmission cycle.
Data transmissions
The selection of orthogonal time/frequency resources for data transmissions is challenging for broadcast communication in Rel-12. Although MCS indication by SA is supported, it is not expected to be very dynamic due to the lack of physical layer feedback mechanisms. 

As a result, a fixed frequency allocation granularity can be a baseline assumption in Rel-12, due both to the reduced complexity as well as the benefit of reducing the overall amount of signaling overhead needed to indicate RPTs within a SA.
Proposal 2:
· Frequency allocation granularity should be fixed within a resource pool.
As discussed in [3] and [4], the resource for the data transmission can be explicitly indicated by the contents of the SA or implicitly indicated by the SA resource itself. For example Mode 1 Tx UEs may be scheduled by the eNB to flexibly utilize resources outside of the transmission pool accessible for both Mode 1 and Mode 2 UEs. However to avoid resource collisions, SA and data RPTs may be implicitly linked in case of out-of-network operation. 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. 
Observation 2:
· It is beneficial to support the same SA design for Mode 1 and Mode 2.
One approach is to include a field in the SA for explicit indication of the data RPTs. However certain values of the field can be reserved for implicit data resource indication based on the time/frequency location of the corresponding SA. For example if 5 bits are used for the RPT indication field, the value ‘00000’ may be reserved to indicate implicit data resource allocation based on the time/frequency location of the SA (and any potential retransmissions within a SA cycle).

Proposal 3:
· Both explicit and implicit signaling for data RPTs are supported.

Further details should be discussed on how to support time/frequency hopping indication. For example a time/frequency hopping pattern and indication of the number of time resources may be jointly encoded in a single field comprising the RPT or provided in separate fields.
2.2 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 from the agreement in [2]. 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. 
Observation 3:
· Either NDI or RV is required based on whether CC or IR is applied to data transmission,
In an RPT assigned by a UE using the SA, it is not guaranteed to transmit data in every resource of the RPT. Therefore, Rx UEs are required to detect if there is a data transmission or not in a certain resource within an RPT. In that perspective, the indication of the first transmission should be given to the UE as a NDI transmission and this indication should be in a reliable way. As shown in Figure 1 below, the DMRS structure of the data transmission can be utilized such that the Tx and Rx know where first transmission and where retransmissions occur, and NDI is implicitly indicated. This kind of implicit NDI indication 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. 
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Figure 1. Implicit NDI/RV indication using DMRS 
Since the amounts of physical resource for first transmission and retransmissions are different, different RV can be used for the first transmission and retransmissions. There might be two options for the decision of RV. 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 4:
· New data indication (NDI) and redundancy version (RV) can be implicitly decided according to the detected DMRS structure of the data transmission.
3
Scheduling Assignment Design 

We discuss details of control information signaling within the scheduling assignment in this section. During RAN1#76bis the following agreements regarding control information to be carried in the SA were reached:

Agreement:

· MCS indication is provided dynamically per SA with 5 bits, using the existing 5-bit UL MCS table

· 64QAM shall not be used for D2D transmission

· The MCS indication is included in SA

· The MCS for SA is fixed in the specifications 

· The modulation used for SA is QPSK
Agreement:

· For transmissions on the data channel, no new mappings between MCS and TBS are defined outside those existing in Rel-8

Agreement

· The SA includes an ID of N bits (N<=16, working assumption N=8) with at least the following purpose:

· to enable the UE to reduce the probability of decoding of data packets the UE is not interested in

· FFS what the ID is derived from

· Not precluding scrambling SA CRC 

Agreements: 

· D2D data communication channel transmissions are scrambled by the ID in the SA

· Scrambling seed of the SA is fixed in the specifications

Details of the ID(s) associated with the SA are provided in [5]. 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. 

Finally, as discussed in the previous section, RPTs for the data transmissions including possible time/frequency hopping patterns also need to be indicated by the SA. 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
	1-2
	Depends on if hopping is always supported or jointly encoded in RPT

	RPT for data TBs
	5-13
	Size is BW dependent or preconfigured. Same as eNB grant indicated RPT for data in case of Mode 1.

	MCS
	5
	Using the existing 5-bit UL MCS table

	NDI/RV
	1
	Not needed (assuming DMRS-based NDI)

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


Legend: Not needed, Needed, FFS
Table 1. Control information carried in scheduling assignment 
Proposal 5:
· The contents of Table 1 are taken as baseline for control information content carried in the SA.
4
Conclusion

Based on the discussion in this contribution, we made the following observations:
Observation 1:
· It is beneficial for UEs transmitting SAs to be able to receive the SA transmissions of other UEs within the same SA cycle.
Observation 2:
· It is beneficial to support the same SA design for Mode 1 and Mode 2.
Observation 3:
· Either NDI or RV is required based on whether CC or IR is applied to data transmission,
Based on the discussion in this contribution, we propose following:
Proposal 1:
· One or more RPTs are defined for SAs including support for multiple transmission opportunities of the same SA within the same SA transmission cycle.
Proposal 2:
· Frequency allocation granularity should be fixed within a resource pool.

Proposal 3:
· Both explicit and implicit signaling for data RPTs are supported.

Proposal 4:
· New data indication (NDI) and redundancy version (RV) can be implicitly decided according to the detected DMRS structure of the data transmission.
Proposal 5:
· The contents of Table 1 are taken as baseline for control information content carried in the SA.
5
References

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

[2] 3GPP TR 36.843 V1.2.0, “Study on LTE Device to Device Proximity Services," v1.2.0, Feb. 2014.

[3] R1-14xxxx “Mode 1 resource allocation for D2D broadcast communication,” Samsung
[4] R1-14xxxx “Mode 2 resource allocation for D2D broadcast communication,” Samsung
[5] R1-14xxxx “Identifier in scheduling assignment for D2D communication,” Samsung
_1460817150.vsd
DMRS


New data subframe


ReTx data subframe



