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1
Introduction
In this contribution, we discuss resource pattern for retransmission of SA.  

We note the following agreement made for re-transmission of SA [1]:

	Agreement:  

· 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



We further note the proposals discussed though not agreed at RAN1 #78 [2]:
	Proposal:

· SA hopping is defined by

· Time: second_nt = mod(first_nf + first_nt, Nt) + Nt 

· Frequency:  second_nf = mod(first_nf + ceil(Nf/2), Nf)

· Where 

· first_nt refers to time index of the first transmission within SA period: first_nt is between 0 and Nt - 1

· first_nf refers to frequency index of the first transmission within SA period

· second_nt refers to time index of the second transmission within SA period: second_nt is between Nt and 2*Nt - 1

· second_nf refers to frequency index of the second transmission within SA period

· Nt refers to the total number SA resources in time divided by 2 within a SA period

· Number of SA sub-frames within a SA period is proposed to be an even value

· Nf refers to the total number SA resources in frequency

· Hopping is defined with respect to an SA receiver resource pool

Alternative proposal (E///):

· Both Type 1 PUSCH hopping and Type 2 PUSCH hopping are supported for SA
· Type 2 PUSCH hopping for SA uses a hopping ID that is configured with the SA resource pool configuration

· The hopping only applies to the resources configured in the SA receiver resource pool

· A T-RPT for SA is defined similarly to the T-RPT for data (e.g. as in R1-143367)


Motivated by the proposals discussed in RAN1 #78, we consider three different SA resource patterns in this contribution and compare them via system simulations. In Section 2, we describe the scheme considered for SA resource pattern along with simulation results. We discuss the SA resource index in Section 3 and conclude the contribution in Section 4.
2  
Resource patterns considered
We consider three schemes for SA resource re-transmission:

1. Type 2B extension: in this scheme, we divide the resource pool into 2 separate sets in time, and use a Type 2B hopping like scheme. For frequency diversity, the second transmission is offset from the first one in frequency by Nf/2 (PUSCH Type 1 hopping with offset of Nf/2).

2. T-RPT extension: in this scheme, instead of fixed partitioning, we allow retransmissions to occupy any two possible (distinct) sub-frames. For frequency diversity, logical to physical mapping uses a shift Nf/4 for each successive subframe (PUSCH Type 1 hopping with offset of Nf/4) --- we assume total number of sub-frames is 4. The pattern shown in Figure 1 below is used to define T-RPT extension.  

3. Random: here we pseudo-randomly select two resources making sure that they do not occupy the same sub-frame. Frequency diversity is obtained naturally through this pseudo-random selection.  
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Figure 1 SA re-transmission pattern (logical mapping)

Figure 1 above shows the three schemes discussed above (without the frequency hopping).
Next we discuss the system simulation results for three schemes which are split as:

1. From receiver’s perspective: we look at the probability of SA reception at a UE that is only receiving (and not transmitting) the SA

2. From transmitter’s perspective: we look at the probability of SA reception at a UE that is also transmitting an SA

We also look at SA reception probability over multiple (=4) SA periods where random selection is performed for each SA period. A success is considered if SA is successfully decode in at least one of the 4 SA periods (no combining is done across SA periods). The motivation for random selection is the Mode 2 resource selection agreement which is expected to give higher collision probability compared to Mode 1 resource selection. 

The simulation assumptions are summarized in Table 1 and simulation results are given in Figure 2.

Table 1 Simulation assumptions

	Parameters
	Assumptions

	Layout
	Option 5 (ISD = 1732m) 

Uniform, Hotspot, In-Out

	Carrier Frequency, System Bandwidth
	700 MHz, 10 MHz

	Num TX
	3/Cell

	Number of UEs
	32/Cell 

	TX Power
	23 dBm

	Num RX antennas
	2 

	Channel Model/ Fading
	As per TR 36.843

	IBE Model
	W,X,Y,Z = {3,6,3,3}

	SA Packet Size
	54 bits (including CRC)

	SA Coding/Modulation
	Rel-8 Convo/ QPSK

	Transmission bandwidth (PRBs)
	1

	Number of transmissions per packet
	2

	RSRP threshold
	-107 dBm
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Figure 2 SA Performance – receivers (left) and transmitters (right) -- same legend used all the plots
From the simulation results in Figure 2, we make the following two observations:

Observation 1: all three schemes perform similarly for a UE that is only receiving SA. 

Observation 2: for a UE that is also transmitting SA, T-RPT extension or Random performs better in terms of SA reception with performance difference diminishing with multiple SA periods. 
In our view, receiver performance is more important compared to transmitter performance. Also given the simplicity of Type 2B extension, we propose to use Type 2B extension for SA resource pattern:

Proposal 1:  Type 2B extension is used for SA resource pattern. 
3  
SA resource indexing

We note that following agreement was made regarding SA resource index indication in D2D grant:

	Agreement:

· SA resource index is an index into the SA resource pool and indicates both time and frequency dimensions. 

· FFS whether the mapping of the indices to the pool is fixed in the specification or configured by higher layer signaling

· Details FFS


In our view, 6 bits are adequate to address the first resource within SA resource pool for typical UE densities. Further, inter-cell orthogonalization can be obtained by simply defining orthogonal resource pools. Hence, we propose:

Proposal 2: 6 bits of SA resource index are used to indicate the first resource of SA transmission. A frequency first mapping is used as shown in Type 2B extension in Figure 1 which is fixed in the specification. 
4 
Conclusion

In this contribution, we considered three schemes for SA resource pattern (i) T-RPT extension (ii) Type 2B extension (iii) random. We provided system simulation results for these, and made the following observations and proposal:
Observation 1: all three schemes perform similarly for a UE that is only receiving SA 

Observation 2: for a UE that is also transmitting SA, T-RPT extension or Random performs better in terms of SA reception with performance difference diminishing with multiple SA periods. 

Proposal 1:  Type 2B extension is used for SA resource pattern. 

In particular, the proposal for SA resource pattern is given as:

· SA resource pattern is defined by

· Time: second_nt = mod(first_nf + first_nt, Nt) + Nt 

· Frequency:  second_nf = mod(first_nf + ceil(Nf/2), Nf)

· Where 

· first_nt refers to time index of the first transmission within SA period: first_nt is between 0 and Nt - 1

· first_nf refers to frequency index of the first transmission within SA period

· second_nt refers to time index of the second transmission within SA period: second_nt is between Nt and 2*Nt - 1

· second_nf refers to frequency index of the second transmission within SA period

· Nt refers to the total number SA resources in time divided by 2 within a SA period

· Number of SA sub-frames within a SA period is proposed to be an even value

· Nf refers to the total number SA resources in frequency

· Resource pattern is defined with respect to an SA transmit resource pool

Proposal 2: 6 bits of SA resource index are used to indicate the first resource of SA transmission. A frequency first mapping is used as shown in “Type 2B extension” in Figure 1 which is fixed in the specification. 
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(i) Type 2B Extension


(ii) T-RPT Extension


(iii) Random



