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1 Introduction
At RAN1#78, agreements and working assumptions were made on scheduling assignment design for D2D communication:
Agreement: 

· PUSCH DMRS are used for SA, Data and Discovery without frequency hopping across slots

· 2 RS signals on Symbols with l=3 and for normal CP, l=2 for extended CP

· FFS: remaining aspects of base sequence, cyclic shift and OCC

· PUSCH RE mapping is used for SA, Data and Discovery if D2DSS is not transmitted, at least by the same UE, on the same sub-frame

· FFS if it possible that the transmitting UE knows D2DSS is configured to be transmitted by another UE in the same subframe. 
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
This paper discusses the remaining details of Scheduling Assignment (SA) channel design.   
2 Details of Scheduling Assignment channel Design
2.1 Scheduling Assignment resource pool and frequency Unit size
It is natural to configure separate SA resource pools for mode 1 and mode 2 since mode1 is scheduling-based and no collisions will occur, while mode 2 is contention-based and collisions will likely occur as long as multiple UEs are present. If pools are known by the receivers in advance, the potential SA location should be restricted to a limited number of time/frequency locations in order to limit the number of blind decoding. Thus, it is reasonable to assume that within each SA period, a set of RBs in a set of subframes will be reserved for SA transmission.
The size of frequency unit depends on how many bits need to be carried in an SA. While dependent on the bandwidth, this number does not need to be larger than roughly 50 bits [1]. There are 132 and 108 available REs in each PRB pair in case of normal CP and extended CP which can carry 264 and 216 coded bits respectively, if QPSK is used. Accordingly, coding rate is about 0.3 if one PRB pair is used and 0.15 if 2 PRB pairs are used. Consequently, one PRB pair should be enough, given that 0.3 is already quite a low coding rate, and given that time-repetition of SA is supported. 
Proposal 1: One PRB pair is allocated for each SA transmission.
2.2 HARQ details 

As stated above, a coding rate of 0.3 can be expected with SA transmission over a single PRB.As analyzed in 2.1, when coding rate is lower than 1/3 mother coding rate, more copies are simply repetition without more coding gain; hence it does not make a difference to use Chase combining or incremental redundancy. It is thus proposed to use Chase combining.
Proposal 2: Chase combining is used for SA HARQ combination.

2.3 RPT details for SA transmissions
The SA subframes can be divided into 3 types of subframes:

· Subframes where the UE transmits the SA. 

· Subframes where the UE potentially receives the SA

· Subframes where the UE transmit to ensure successful reception of UEs transmitting in the same SA period
During a SA period, assume 
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 reception subframes. . Therefore a T-RPT is actually to allocate 
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transmission subframes to a UE out of 
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 subframes. 

For a Transport Block of roughly fixed size, fixed modulation, fixed frequency unit size, and a target SNR, coding rate or the number of transmissions can be determined. Take normal CP, one PRB pair frequency unit size, as an example, 2 transmissions approximately reach the target SNR 5dB. If uplink power control is adopted, more transmissions may be needed to compensate the lower transmit power. As a result, the number of transmissions of an SA to reach a target SNR and a target coverage range can be defined as a function of quantized transmit power. 
Observation 1: The number of transmissions 
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of an SA to reach a target SNR and a target coverage can be defined as a function of quantized transmit power. 
Since SA has only one PRB pair in a subframe, the IBE impact on the cellular transmission could be small (considering few SAs multiplexed in an SA subframe). Furthermore, an SA should be sent at high power to maintain range. As a result, fixed transmit power can be used for simplicity, and accordingly the number of transmissions for SA can be a fixed number.
Proposal 3: Fixed transmit power can be used for SA transmission.
For T-RPT, 2 options below are provided:

Option 1 (described in detail in [2]): flexible allocation of the following parameters. 
· m: Transmission interval(s) between transmission of multiple MAC PDUs 
· n: Number of transmissions of a given MAC PDU (if more than one value is possible) 
· k: Resources for transmission of each MAC PDU
Option 2: reuse type 2B time hopping pattern.
The T-RPT is intended to ensure the UEs transmitting in one SA period to receive as many transmissions as possible from each other in the period, which is similar to the design requirement of type 2B pattern. 
Therefore, the subframes in an SA period can virtually be grouped into consecutive clusters (similar to discovery periods) according to the number of transmissions pre-defined or indicated by eNB, each with 
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is a prime number), 
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 frequency units in each subframe for 
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 UEs. A UE has one transmission opportunity in one subframe cluster, and receives in all the other subframes in the subframe cluster, up to 
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UEs can be supported in total. 
An example is given below. 
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Figure 1: an example of D2D suframe clusters
The first sub-subframe of a T-RPT will be indicated by field “SA sub-frame allocation” in DCI for D2D [3], and the number of transmission may be transmitted via RRC signaling.  Once type 2B discovery pattern is decided, reusing its time domain pattern will complete the SA time domain transmission details. 
The first option is simpler given the time left to finish the Rel-12 work item; the second option tries to address the half-duplex/in-band emission issue for SA.   
Proposal 4: T-RPT of SA in a SA period is defined with one of the following options:
Option 1: flexible allocation of the following parameters [2]

· m: Transmission interval(s) between transmission of multiple MAC PDUs 
· n: Number of transmissions of a given MAC PDU (if more than one value is possible) 
· k: Resources for transmission of each MAC PDU 
Option 2: Reuse Type 2B discovery time hopping pattern by grouping the subframes in an SA period into consecutive subframe clusters.
2.4 Scrambling details
The parameters related with pseudo-random sequence generation [1] for PUSCH scrambling are listed in the first left column of the Table 1 and the possible related values for SA in D2D link are provided in the last column:

Table 1 Parameters for D2D Scheduling Assignment Scrambling 
	Parameters of PUSCH Scrambling
	 (bits)
	In case of SA in D2D link
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(state offset)
	N/A
	1600
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 (Radio network temporary identifier)
	16 
	Fixed (e.g. 0, 1, ...)

	q (codeword number)
	1
	Fixed (e.g.0, 1, …)
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 (Slot number within a radio frame)
	4
	D2D subframe number in an SA Period, or D2D subframe number of a specific SA 
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 (Physical layer cell identity)
	9
	510 (11111110)


For SA scrambling, 
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can be replaced by the subframe number in an SA period or by the D2D subframe number of a specific SA to randomize the interference given most fields are fixed. The D2D subframe number in an SA period is slightly preferred because it is easy to maintain.   

Proposal 5:  Use PUSCH scrambling method with 
[image: image19.wmf]s

n

 set to D2D subframe number in an SA period.
3 Conclusion
This contribution discusses the remaining details of SA channel design, and the following proposals are provided: 
Proposal 1: One PRB pair is allocated for each SA transmission.
Proposal 2: Chase combining is used for SA HARQ combination.
Proposal 3: Fixed transmit power can be used for SA transmission.
Proposal 4: T-RPT of SA in a SA period is defined with one of the following options:

Option 1: flexible allocation of the following parameters [2]

· m: Transmission interval(s) between transmission of multiple MAC PDUs 
· n: Number of transmissions of a given MAC PDU (if more than one value is possible) 
· k: Resources for transmission of each MAC PDU 
Option 2: Reuse Type 2B discovery time hopping pattern by grouping the subframes in an SA period into consecutive subframe clusters.
Proposal 5:  Use PUSCH scrambling method with 
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 set to D2D subframe number in an SA period.
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