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1 Introduction

In RAN1#76bis, resource allocation for D2D Communication Mode 1 was discussed. The following agreements were reached.
Agreements:
· For Mode 1 transmission,

· eNodeB or Rel-10 relay allocates resources to a D2D transmitter for SA and Data using PDCCH or EPDCCH
· FFS: Linkage between SA and Data

· FFS: Separate grant for Data

· Single grant can schedule multiple Data transmission opportunities

· The multiple opportunities can be used for the multiple transmissions of a single TB

· The multiple opportunities can be used for the transmissions of multiple TBs

· FFS: Which entity decides how each transmission opportunity is used

· FFS: Single grant can schedule single SA transmission

· Single grant can schedule multiple SA transmissions

· FFS: Whether the multiple SA transmissions are of the same SA or different SA

· FFS: C-RNTI or another UE-specific RNTI is used at least for scrambling of CRC of a D2D grant
· eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH

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

Agreements:
· Semi-static pool(s) of resources can be allocated for SA

· eNodeB may broadcast the information about the SA resource pool using SIB for D2D UE

· Transmission pool for Mode 2 

· Reception pool(s) for Mode 1 and Mode 2 

· UE is not required to decode neighboring cell SIB
In this contribution, we present our views on several open design questions following the agreements from RAN1#76bis. In particular, we discuss linkage between D2D SA and Data grants, allocation duration, payload contents of the eNB issued D2D grant and the expected D2D UE behavior incl. power-control.
2 D2D Communication Mode 1 ressource allocation
We think that for R12 D2D there is no reason to decouple the eNB issued grants of SA resources and Data resources. We think it is sufficient in the context of R12 that the eNB issued grant allocates SA transmission opportunities within the SA reception pool to a given D2D transmitter. The relationship of SA to Data transmission resources used by the D2D transmitter is given through an implicit relationship and decoded by receiving D2D UE’s through the SA.
We see the main purpose of decoupling the SA grants and the Data grants in Mode 1 as a means to increase flexibility for future D2D Communications scenarios, i.e. other than R12 VoIP data broadcast not relying on feedback. However, introducing separate SA and Data grants would also imply a much higher specification effort in R12.

When the D2D UE operating in D2D Communication Mode 1 receives an eNB resource allocation following the decoding of the D2D grant, several approaches are possible with respect to the allocation period.

In our view, R12 D2D Communication Mode 1 should rely on the principle of time-limited D2D grant allocations. These time-limited grant allocations do not exactly correspond to R8 SPS, although they follow similar principles.

Once the eNB issues a D2D grant to a D2D enabled transmitter, the allocation period should be in the order of around 200-300 ms. For typical talk spurt durations with one-way VoIP broadcast transmissions in around 90% of traffic cases there would then be 2-3 separate D2D grants per talk spurt that would need to be issued to a given D2D transmitter by the eNB. We think that such an approach would result in minimum allocation overhead while allowing some control by the eNB over actual D2D resource usage.
In consequence, a D2D grant issued by the eNB would then grant SA (and Data) transmission resources to a given UE for a time-limited duration of 160 ms. The Data transmission resources comprise subframes carrying initial transport blocks and its re-transmissions given through an implicit sequence order. Within such an allocation period, SA transmissions by a given D2D transmitter UE occur in TDM with Data, i.e. a given subframe will only contain either a SA or a Data transmission from a UE. A SA will announce resources in use by a given D2D transmitter UE for the next upcoming allocation period.
We do not think that the flexibility provided by one-time D2D grants is necessary in R12.
Proposals:
1. A single D2D grant on (e)PDCCH is used to allocate D2D SA and Data transmissions resources to a UE.
2. The D2D grant allocates transmission resources for a time-limited duration of 160 ms, i.e. multiple Data transmission opportunities. Single one-shot eNB D2D grants are not supported in R12.
3. Transmission opportunities for the SA and Data transmission opportunities over an allocation period are implicitly linked and pre-defined in R12 specifications.
4. The RPT for upcoming Data transmissions is explicitly signaled by the D2D transmitter UE in the SA.
3 D2D grants
In order to minimize the PDCCH blind detection complexity, we propose that one of the existing R8 DCI format sizes is re-used to convey grants for UL transmission resources to a D2D enabled UE operating in D2D Communication Mode 1. In consequence, a new D2D C-RNTI allocated by the eNB to D2D enabled UE’s is used to distinguish R8 UL grants and new R12 D2D grants. However, even if we think that most of the R8 DCI F0 fields can be reused by re-interpreting several existing fields, the question whether the D2D grant size can match the size of the existing R8 DCI F0 should be discussed only once the needed payload contents have been agreed upon.

When considering the agreements from RAN1#76bis, we think that the D2D grant for D2D Communication Mode 1 needs to include at least the following contents.
MCS (5 bits)
For the purpose of semi-static link control, the eNB should be able to set the modulation order / channel coding rate for D2D Communication in Mode 1. We think that some limited configurability to set the MCS on a semi-static basis similar to the principles followed by R9 eMBMS is useful for network control. The MCS signaled in the D2D grant applies to the Data transmission opportunities for the allocation period whereas SA are transmitted using a fixed MCS. D2D transmitters will announce the MCS obtained through the D2D grant in the SA.
TPC (2 bits)
For the purpose of interference control and management, it has already been agreed in RAN1#76bis that the eNB controls transmission power of D2D transmitter UEs. We think that reusing the existing 2 bit field is sufficient, and that the TPC field is best interpreted to indicate one of 4 RRC pre-configured Tx power settings to the D2D UE. For example, the eNB would RRC configure the TPC levels for individual D2D UE transmitters according to a min/max Tx power level setting to guarantee minimum reception range.

SA resource allocation (reusing the RB assignment and hopping field)
It has already been agreed in RAN1#76bis that semi-static resource pool(s) can be allocated for SA. The eNB uses SIB to broadcast information about the SA resource reception pool for D2D Mode 1 UE. In consequence, eNB needs will allocate SA transmission resources from within the SA reception pool. In our view, the relationship between the granted SA resources and the Data resources is then given through an implicit relationship in the specifications. D2D transmitters will announce the corresponding Data RPT through their SA. 
Time-domain allocation for D2D Data (3 bits)
We think that in order to allow for inter-operability with D2D Communication Mode 2 (UE autonomous allocation), a number of up to 8 time-domain allocation patterns for SA/Data RPT’s need to be supported. Transmission opportunities over the duration of an allocation period will include those used for initial transmission of transport blocks and their retransmission using pre-determined RV sequences.
Separate from above MCS, TPC and frequency-/time-domain resource allocation fields, it is necessary to introduce a mechanism for D2D Communication Mode 1 whereby TA commands can be signalled from the eNB to the transmitting UE. While SA follow DL timing, Data transmissions should be time aligned from the eNB receiver perspective in order to increase the flexibility for Cellular UL / D2D multiplexing in FDM, i.e. using the same subframes. However, to signal full-length TA commands to D2D transmitters, it may be possible to do so using MAC CEs similar to R8 LTE. We think that either a shortened 3 but TA should be included into the D2D grant, or alternatively, full length TA is signalled through MAC CEs.

It is also worthwhile to consider inclusion of transmitter ID’s into the D2D grant. This would allow the eNB to issue individual per-transmitter group D2D grants to a given UE as opposed to per-UE D2D grants. In our view, the inclusion of transmitter identifiers into D2D grants is not necessary for R12 D2D, but may be a more future-proof solution when considering D2D unicast / group cast.

Proposals:

5. The R12 D2D grant has the size of R8 DCI F0 and uses a new R12 D2D C-RNTI to minimize (e)PDCCH blind decoding complexity.
6. The D2D grant contains at least a 5 bit MCS, 2 bit TPC, and SA resource allocation reusing the RB assignment and hopping field and a 3 bit time-domain allocation for D2D Data.

7. Detailed signaling of TA as part of the D2D grant mechanism is FFS.
4 Conclusion

In this contribution, we presented our views on several open design questions following RAN1#76bis. In particular, we discussed linkage between D2D SA and Data grants, allocation duration, payload contents of the eNB issued D2D grant and the expected D2D UE behavior incl. power-control. In summary, we propose that,

Proposals:

1. A single D2D grant on (e)PDCCH is used to allocate D2D SA and Data transmissions resources to a UE.
2. The D2D grant allocates transmission resources for a time-limited duration of 160 ms, i.e. multiple Data transmission opportunities. Single one-shot eNB D2D grants are not supported in R12.
3. Transmission opportunities for the SA and Data transmission opportunities over an allocation period are implicitly linked and pre-defined in R12 specifications.
4. The RPT for upcoming Data transmissions is explicitly signaled by the D2D transmitter UE in the SA.
5. The R12 D2D grant has the size of R8 DCI F0 and uses a new R12 D2D C-RNTI to minimize (e)PDCCH blind decoding complexity.
6. The D2D grant contains at least a 5 bit MCS, 2 bit TPC, and SA resource allocation reusing the RB assignment and hopping field and a 3 bit time-domain allocation for D2D Data.
7. Detailed signaling of TA as part of the D2D grant mechanism is FFS.
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