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1
Introduction
During RAN1#77 meetings, resource allocation for D2D communication Mode 1 was extensively discussed and the related working assumption was reached as below [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

Since D2D-grant is used for allocating the resource for SA and associated broadcasting data in Mode 1, SA transmission and data broadcasting are related to D2D-grant design. Regarding the resource allocation indicated in SA for D2D broadcasting, below working assumptions were reached in RAN1#77 meeting:

Working assumption: 

· Frequency position of data resource is explicitly signalled in SA

· Can be revisited after agreeing other content of SA if it turns out that “too many” retransmissions are required for the SA and/or design of SA and/or associated DCI is not feasible, or if data resource collision turns out to be a significant problem. 

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.
Regarding SA transmission, below agreement 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
Regarding power control for D2D communication Mode 1, below agreements are reached in last RAN1 meeting:

Agreements:
· For communication Mode 1, the current PUSCH UL PC is baseline
· Values of P0 and alpha for Mode 1 D2D communication are configured by eNB. 

· P0 and alpha for D2D can be different from P0 and alpha for WAN

· eNB-UE path loss is used not UE-UE path loss.

· X bits TPC command is conveyed in D2D grant. 
· FFS: X bits (X > 0)
· FFS whether power control parameters are the same between SA and data
· FFS whether accumulate PC or absolute PC

· FFS boosting range is different from cellular

· Maximum power transmission is not precluded

As shown in above, there are many remaining issues need to be further discussed or determined, e.g., resource allocation details for SA and broadcasting data transmission as well as the details of D2D-grant. In this contribution, we will focus on these issues and present our views.
2
Discussion on D2D Mode 1 communication
For D2D communication Mode 1, D2D-grant is transmitted from eNB to D2D Tx UE for allocating the resource for SA (scheduling assignment) and data transmission. Scheduling assignment is used to indicate the resource(s) for reception of the associated D2D broadcasting data. Additional necessary control information is also included in SA, e.g., MCS for data transmission, timing advance (TA) etc.

Although D2D-grant with same size to DCI format 0 and new RNTI is introduced for Mode 1 communication, some details of D2D-grant are still unclear for example whether to have ACK/NACK feedback corresponding to D2D-grant. Considering the 1% probability of UE missing PDCCH, it is possible that UE in D2D communication Mode 1 may miss the D2D-grant then lose the transmission opportunity in eNB-preassigned time-frequency resource for SA and data transmission.  While ifUE report the corresponding ACK/NACK after receiving the D2D-grant signalling from eNB, eNB can know whether the UE has successfully received the D2D-grant signaling and can retransmit D2D-grant till UE’s feedback is ACK. It is noted that this acknowledgement can not only guarantee the D2D data delievered timely but also avoid the resource waste in case UE misses the D2D-grant signalling. 
Regarding the concrete ACK/NACK feedback timing, it can follow the existing DL HARQ timing since Rel-8, i.e., n+4 timing for FDD and predefined TDD timing in Table 10.1-1 in TS36.213 dependent on practical TDD UL/DL configuration and subframe index.  

Therefore, the overall signaling procedure for D2D Mode 1 communication is shown in Figure 1, where D2D Tx UE is located in the coverage of a specific eNB and eNB schedules UL resource for this UE to performD2D broadcasting communication. After receiving D2D resource request, eNB shall transmit the D2D-grant signaling to indicate the resource information for SA and data transmission. Upon receiving this signaling, the D2D Tx UE will firstly transmit ACK/NACK feedback to eNB corresponding to D2D-grant signaling according to existing DL HARQ timing then transmit SA and data in the scheduled resource.
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Figure 1: overall signaling procedure for D2D Mode 1 communication
Based on the above analysis, we have the following observations:

Observation 1: Allowing ACK/NACK feedback for D2D-grant signalling is beneficial in term of timely D2D data delievery and resource waste avoidance.

3    D2D-grant content for Mode 1 communication 
As mentioned in Section 1, although D2D-grant with CRC scrambled by new D2D-RNTI is agreed to have same size as existing DCI format 0, there are many remaining issues need to be further discussed or determined, e.g., resource allocation details for SA and broadcasting data transmission as well as the details of D2D-grant. Since this is a totally new signalling for D2D Mode 1 scheduling, it is necessary to discuss which information is necessary for D2D Mode 1 scheduling and should be included in this D2D-grant.

Considering the feature of D2D broadcasting communication and the reached agreements/working assumptions in last meeting, we provide our analysis on the possible content of D2D-grant.
· SA resource index
It has been agreed in RAN1#76bis meeting, semi-static resource pool(s) can be allocated for SA and SA reception pool is broadcast in SIB for D2D Mode 1 UE. However, due to the reason that Mode 1 UE is not aware of SA transmission pool, eNB needs to allocate the exact resource for SA transmission within the reception pool broadcast by the SIB. 

It is expected that one SA resource subframe can have multiple SA resources irrespective of 1 PRB-pair or 2 PRB-pair used for single SA transmission. In order to distinguish the SA resources within one SA subframe, each SA resource may need a unique index correspondingly. Therefore, SA resource index for SA transmission should be included in the D2D-grant. The number of needed bits is dependent on the number of SA resouces provided by eNB or can be fixed in specification.

· Transmission timing of SA
From UE’s perspective, after receiving D2D-grant signaling from eNB, which subframe for UE to transmit SA is unclear. Considering the 4ms delay requirement, first SA shall be transmitted at least 4ms later. SA transmission timing value means the delay in unit of ms (i.e., 1 subframe) from receiving D2D-grant to practical SA transmission. Such SA transmission timing should be clear between eNB and UE then UE can work properly. 
On the other hand, due to the half-duplex constraint, a D2D Tx UE cannot simultaneously receive broadcasting data from other D2D Tx UEs if multiple Tx UEs are multiplexed in FDM manner within one SA resource subframe configured for D2D communication. This violates the general concept of broadcasting where all UEs in a given resource set should be able to receive the broadcast data from other UEs. Therefore, eNB can schedule UEs’ SA transmission in different subframes to guarantee UEs transmitting SAs have opportunities to receive the SA transmissions of other UEs. 

In order to limit the payload size of D2D-grant, 4 predefined values can be predefined and indicated by 2 bits contained in D2D-grant. For example, 2 bits are used to indicate one of predefined timing values, e.g., 6ms, 8ms, 10ms and 12ms. So upon receiving D2D-grant in DL Subframe n, UE shall transmit SA in UL Subframe n + indicated timing value. Hence, eNB can flexibly control the SA transmission timing of all its served in-coverage UEs and avoid D2D Tx UEs SA transmission in same subframe so that UEs transmitting SAs can have opportunities to receive the SA transmissions of other UEs. 

· Transmission times of same SA
SA retransmission is agreed in RAN1#77 meeting. Since this is also related to the resource allocation for multiple SA transmission, the information on the concrete transmission times of same SA should be clear between eNB and Mode 1 UE. So it is necessary for D2D Tx UE to know the number of same SA transmission. Therefore, some bits may be needed in D2D-grant content for indicating the concrete transmission times of one SA. 
As shown in Section 1, total number of transmissions of SA is FFS between fixed to a single value in specifications and (pre-)configurable among two values. (Pre-)configurable transmission times among two values can bring the flexibility to adapt the link budget requirements of SA in different scenarios. So one bit is enough in D2D-grant content to indicate which value is used.
· Resource allocation for data broadcasting transmission
For Mode 1 D2D broadcasting communication, eNB controls the resource for D2D Tx UE broadcasting transmission. So eNB needs to indicate the resource(s) for transmision of the associated physical channel that carries D2D broadcasting data via the D2D-grant signaling. Since time-domain resource patterns for transmission (T-RPT) has been agreed in RAN1#77 meeting, in time domain, we can emphasize on the details of T-RPT design with the consideration of using time domain randomization, and in frequency domain, the legacy uplink frequency resource allocation mechanism in Rel-8 can be fully reused for the purpose of providing frequency hopping gain and flexibility in resource block assignment.This is also analysed in our companion contribution [2].

· Transmission power command for SA and D2D broadcasting transmission
In order to avoid high interference to cellular uplink, eNB can control the transmission power of SA and Data using D2D-grant. As shown in Section 1, the current PUSCH UL PC is baseline for communication Mode 1 with P0/alpha configured by high layer signaling and TPC adjustment in D2D-grant. Considering SA and broadcasting data are in different time domain cycle, eNB can not predict the interference situation of SA and data before tens of miliseconds. So existing DCI format 3/3A can be used as supplemental solution to quickly adjust the transmission power of SA or data. Due to the good compliment of DCI format 3/3A for D2D power control in Mode 1, legacy two-bit TPC command with absolute manner can be reused and indicated in D2D-grant.  

· MCS for D2D broadcasting transmission
In Mode 1, eNB controls the resource for D2D SA and broadcasting transmission. Due to not aware of the link between Tx UE and Rx UE, eNB is not necessary to indicate the MCS for D2D data broadcasting in D2D-grant.  

Based on the above analysis, the corresponding elements are given in Tabl 1:
Table 1: Content of D2D-grant

	Element
	Example Values / Field Size
	Comment

	SA resource index for SA transmission
	Dependent on the number of SA resouces within one SA subframe
	Describe SA resource index for D2D SA transmission

	Transmission timing of SA
	Dependent on number of predefined timing values (e.g., 2 bits for 4 configured values)
	Indexing to predefined SA transmission timing values

	Transmission times of same SA
	1 bit
	Indicate one of two (pre-)configurable values

	T-RPT for data broadcasting
	8 bits
	Indicate time-domain resource allocation for data broadcasting

	Hopping flag for D2D data broadcasting transmission
	1 bit
	Reusing the existing bit in Rel-8

	RB assignment & hopping resource allocation for D2D data broadcasting transmission
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	Reusing the existing RB assignment in Rel-8

	Transmission power for SA and D2D broadcasting transmission
	2 bits with same step values in Rel-8
	Indexing to assigned transmission power adjustment

	Others
	Reserved
	


4          Conclusion
In this contribution, we investigate the remaining details of D2D Mode 1 resource allocation and focus on D2D-grant content for SA and D2D broadcasting. Based on above analysis, we have the following proposals and observations:
Proposal 1: Table 1 is proposed for D2D-grant content.

Observation 1: Allowing ACK/NACK feedback for D2D-grant signalling is beneficial in term of timely D2D data delievery and resource waste avoidance.
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