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1 Introduction
In this contribution, we discuss ProSe resource grant procedure and the grant contents.
1.1 Earlier agreements
Earlier agreements on ProSe resource grants and the related contents from RAN1#77 [3]:

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 for D2D
Working Assumption (RPT): 
· 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
Earlier agreements on ProSe resource grants from RAN1#76bis [4]:

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
2 ProSe Resource Grants for Mode 1 Transmitters
2.1 ProSe Resource Grant Procedure

A resource grant for SA and ProSe data is transmitted using PDCCH or EPDCCH in the UE-specific search space monitored by the UE on a relevant serving cell. EPDCCH resources monitored by the UE for ProSe grants are configured by higher layers. 
· Proposal 1: If configured to do so, a CA-capable UE may monitor for ProSe grants on SCell.
The grant is scrambled with ProSe RNTI. A single grant can schedule multiple transmission opportunities for SA and ProSe data. The same grant is used for both SA and ProSe data which are related. The ProSe grant is provided in response to a UE ProSe BSR which contains at least a logical channel group ID and a buffer size [1,2].
Upon receiving a ProSe grant, the UE need not to acknowledge it. In the case of not receiving the ProSe grant within a certain time, the UE may resend the request, but this procedure should be controlled by separate timers/counters from those currently used to control cellular UL resource grant. In principle, the eNodeB could also resend the ProSe grant if it can determine that the UE might not receive the ProSe grant. In the legacy procedure, when the grant is not received, the UE may also trigger a random access procedure, the need for which is not so straightforward when it is the ProSe grant that is not received, especially given that the ProSe grant may be not received also due to cellular network overloading and no resource availability for requested ProSe Mode 1 transmissions.
· Proposal 2: If no ProSe grant is received, the UE may attempt (a limited number of times) to resend the ProSe BSR.

· In case ProSe grant can be received upon the UE’s ProSe resource request and if allowed by the network, should the UE try to switch to cellular operation or Mode 2? 
The grant procedure is illustrated in Figure 1 below. 
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Figure 1. ProSe resource grant procedure, based on PDCCH monitoring.

2.2 ProSe Resource Grant Contents
By the agreement [3], the same grant is used for SA and the corresponding ProSe data, but for readability the table groups the parameters for SA and the parameters for ProSe data. 

· Proposal 3: A single grant can schedule multiple transmissions of the same SA (i.e., one SA cycle). The number of SA transmissions per SA cycle can be fixed in the specification.
Tables 1 and 2 summarize our proposals on SA and ProSe data parameters, respectively, which may be fixed in the specification and thus need not be signalled in the ProSe grant.
Table 1: A minimum set of pre-defined fixed parameters for SA
	Parameter
	Example Value Range
	Comment

	SA subframe periodicity
	40 ms
	

	Number of SA subframes per cycle
	4
	4 x 40 ms =160 ms cycle length

	Number of SA transmissions per SA cycle
	2
	See Annex A for results justifying transmitting SAs in 2 out of 4 SA subframes.

	Frequency hopping
	ON
	Always used for the 2nd transmission

	Rules for frequency hopping patterns
	Pre-defined in specification
	Given the RB of the first transmission and frequency hopping bits, the RB of the second transmission is known.

	Bandwidth
	2 RBs
	

	A set of pre-defined SA transmission patterns
	[0..5]
	6 pre-defined SA patterns (see e.g. Figure 2). An index to one SA pattern is signalled in the grant.
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Figure 2. SA transmission patterns (2 SA transmissions in 4 SA subframes).
Table 2: A minimum set of pre-defined fixed parameters for ProSe data

	Parameter
	Example Value Range
	Comment

	Data scheduling cycle
	160 ms
	The same cycle length as for SA cycle, and it is aligned with the SA cycle.

	Frequency hopping
	ON
	Always used for the 2nd transmission

	Rules for frequency hopping patterns
	Pre-defined in specification
	Given the RB of the first transmission and frequency hopping bits, the RB of the second transmission is known.

	Bandwidth
	2 RBs
	

	A set of pre-defined data transmission patterns
	TBD
	An index to one data pattern is signalled in the grant and in the associated SA.

	A set of pre-defined numbers of retransmissions
	For FDD: 4 or 8
	The exact number of restransmissions of one TB may be included in T-RPT, but the set of possible numbers of retransmissions may be restricted to a set of –pre-defined values.


Table 3 provides a proposed set of parameters for signalling in a ProSe grant. 
The size of the DCI format 0 used to convey cellular UL scheduling grants (45 bits) seems to be sufficient also for the ProSe grant. 
· Proposal 4: DCI format 0 is used for ProSe grant.

Table 3: Proposed ProSe resource grant contents

	Parameter
	Example Value Range
	Comment

	SA resource allocation

	Frequency offset
	max 6 bits, depending on system BW

(e.g., 0..BW/2)
	Depends on the system bandwidth. 

	TPC NOTE
	2 bits 
	ProSe PC command for SA. PC may also be activated/deactivated by higher layers.

	Frequency hopping indication
	1 bit

(ON/OFF)
	If ON, use also PUSCH-like hopping, otherwise only PUCCH-like hopping (see [5] for more details).

	Frequency hopping bits
	1 bit (for 1.4, 3, and 5 MHz)

2 bits (for 10, 15, and 20 MHz)
	Like for cellular PUSCH hopping

	ProSe data resource allocation

	T-RPT index
	<=8 bits [3]
	Index to a pre-defined pattern indicating subframes for ProSe data transmissions.

The number of restransmissions of one TB may be included in T-RPT, but the set of possible numbers of retransmissions may be restricted (e.g., 4 or 8 for FDD).

	Frequency offset
	max 6 bits, depending on system BW

(e.g., 0..BW/2)
	Depends on the system bandwidth. 

	TPC NOTE
	2 bits 
	ProSe PC command for ProSe data. May be activated/deactivated by higher layers.

	Frequency hopping indication
	1 bit

(ON/OFF)
	If ON, use also PUSCH-like hopping, otherwise only PUCCH-like hopping (see [5] for more details).

	Frequency hopping bits
	1 bit (for 1.4, 3, and 5 MHz)

2 bits (for 10, 15, and 20 MHz)
	Like for cellular PUSCH hopping

	NOTE: TPC is preferably the same for SA and data, especially if the SA cycle and the ProSe data scheduling cycle are the same.


3 Summary

The following have been proposed in this contribution:
· Proposal 1: If configured to do so, a CA-capable UE may monitor for ProSe grants on SCell.
· Proposal 2: If no ProSe grant is received, the UE may attempt (a limited number of times) to resend the ProSe BSR.

· In case ProSe grant can be received upon the UE’s ProSe resource request and if allowed by the network, should the UE try to switch to cellular operation or Mode 2? 
· Proposal 3: A single grant can schedule multiple transmissions of the same SA (i.e., one SA cycle). The number of SA transmissions per SA cycle can be fixed in the specification.

· Proposal 4: DCI format 0 is used for ProSe grant.
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Annex A: System-Level Results on SA Subframe Configuration
The number of SA subframes and the number of SA transmissions have been studied by system simulations. The results are shown in Figure 2 below. Two scenarios are simulated, Scenario 1 (500 m, mix in/outdoor, 2GHz) and Scenario 3 (1732 m, uniform outdoor, 700MHz). The inband emission model is as in 3GPP 36.101, W/X/Y/Z = [0 0 0 0]. D2D tx power model: open-loop power control, Ptx = PL+Prx, Prx = noise power + 10/20/30/40dB. For cellular UE, closed loop PC is simulated with target SNR=5dB. 2 SA RBs are scheduled per D2D transmitter for SAs transmitted in 2 out of 4 SA subframes (Figure 3a) and 2 out of 2 SA subframes (Figure 3b) by each D2D transmitter. Further, it was assumed: 3 RBs for PUCCH (1 RB per UE in RR), 4 RB as a guard band, and the rest of the 10 MHz bandwidth is for D2D. Frequency hopping is assumed for SA transmissions, as illustrated for 3 UEs in Figures 4a and 4b below.
The results indicate that using 2 out of 4 subframes is beneficial for D2D due to a reduced interference and lower collision probability, though at a cost of fewer subframes available for cellular UL. The 2 out of 4 SA subframe configuration also facilitates half-duplex operation of D2D UEs (which may listen for other UEs’ SAs in the SA subframes not used for own transmissions, i.e., during the remaining 2 ou of 4 subframes).
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Fig. 3a: SA transmissions in 2 out of 4 subframes (3 UEs).   Fig. 3b: SA transmissions in 2 out of 2 subframes (3 UEs).
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Fig. 4a: SA transmissions in 2 out of 4 subframes (3 UEs).   Fig. 4b: SA transmissions in 2 out of 2 subframes (3 UEs).
