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1 Introduction
The following agreement was made for SA resource allocation at RAN1 #77

· 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
The SA resource allocation for D2D was also discussed at RAN1 #78 but no agreement can be reached. This paper discussed the SA resource allocation for D2D communication. We provide a SA resource pattern and address the mapping between SA resource index and SA resource patterns for mode-1 communication.   
2 SA resource allocation

The SA resource pool configuration was agreed at RAN1 #78. In summary, it was defined in time domain and frequency domain respectively.
· Time domain: a subframe bitmap is used to indicate the SA resources in time
· 1 indicates subframe has SA resources 
· 0 indicates subframe has no SA resources

· Frequency domain: Three parameters are used to indicate the SA resources in frequency 
· Length of SA pool in PRBs
· The start PRB index of SA pool

· The end PRB index of SA pool
It was also agreed at last meeting the each SA occupies 1 PRB and transmits 2 times using RV 0. 
According to the agreements from RAN1 #77, it is clear that the time-frequency resources used for one SA message transmission within one SA period are determined based on some predefined rules which should be specified so that both the transmitter and the receiver could follow for SA transmission and reception.
2.1 SA resource pattern

In this paper, the time-frequency resource for each SA message transmission (2 time-frequency grids) within one SA period is referred as one SA resource pattern. There are multiple SA resource patterns for a certain SA pool configuration. We propose the following principles for SA resource pattern design
1. Orthogonal SA resource patterns: Non-orthogonal resource patterns are not supported to reduce the UE decoding complexity.
2. Frequency domain hopping: Frequency hopping is applied for the two transmissions within each SA resource pattern to achieve frequency diversity, .e.g. PUCCH like hopping.
3. Time domain hopping: Strive to maximize the number of the (semi-)orthogonal patterns to address the half duplex constraints.
4. Inter-cell interference: Cell-specific hopping is applied to avoid constant collisions.
5. Same resource patterns for mode-1 and mode-2: Common SA resource patterns are defined for mode-1 and mode-2.
Following the above design principles, we propose a deterministic SA resource pattern below  
Proposal 1

·  The time-frequency resource for the ith (logical index) SA resource pattern in the nth SA period is determined as follows
· First resource

· Time: nt{SA(i)} = mod(mod(i, Nt) + n_SA, Nt) 
· Frequency: nf{SA(i)} = floor(i/Nt) 
· Second resource
· Time:  nt_next{SA(i)} = mod(nt{SA(i)} + mod(floor(i/ Nt) + 1 + n_RRC, Nt), Nt)
· Frequency: nf_next{SA(i)} = Nf - nf{SA(i)} - 1
· Notations:

· SA(i): the ith SA resource pattern where i is the logical index of SA resource pattern

· nt{SA(i)}: time index of the first transmission for SA(i) within one SA period

· nf{SA(i)}: frequency index of the first transmission for SA(i) within one SA period

· nt_next{SA(i)}: time index of the second transmission for SA(i) within one SA period

· nf_next{SA(i)}: frequency index of the second transmission for SA(i) within one SA period

· n_SA: the nth SA period

· Nt: the number of subframes configured for SA transmission

· Nf: the number of PRBs configured for SA transmission

· n_RRC: cell-specific offset for collision avoidance among cells
As an example, we show the SA resource patterns in Figure 1. In this example, the number of subframes for the SA resource pool (Nt) is 4 and the number of PRBs for the SA resource pool (Nf) is 8. PUCCH-like frequency hopping is applied. The cell-specific offset is not applied, i.e. n_RRC = 0. 

[image: image2.png]frequency

Nt=4

A
1 2 3 4 4 1 2 3
5 6 7 8 8 5 6 7
9 10 1 12 12 9 10 1
13 14 15 16 Nf=8 16 13 14 15
16 13 14 15 15 16 13 14
12 1 10 9 9 12 1 10
7 8 5 6 6 7 8 5
4 1 2 3 3 4 1 2
time 27 SA Period

15t SA Period




   
Figure 1 Mode-2 SA resource allocation example: number of subframes for the SA pool Nt = 4, number of PRBs for the SA pool Nf = 8, cell-specific offset n_RRC = 0
2.2 SA resource index
For mode-1 communication, the SA resource pattern used by the D2D transmitter is signalled by the network using the 6-bit SA resource index in the D2D grant. The mapping between the SA resource index and the SA resource patterns needs to be decided. In addition, the SA resource index in the D2D grant is only 6 bits, i.e. only 64 SA resource patterns can be signalled. This may be smaller than the total number of SA resource patterns for certain SA pool configuration, e.g. Nf = 20, Nt = 8, the total number of SA resource patterns is 20*8 /2 =80. The mapping between the 64 SA resource indexes and the available SA resource patterns also needs to be resolved. We propose the SA resource index mapping as follows
Proposal 2

· Mode-1 SA resource index mapping: 
· If Nt*Nf/2 <= 64

· The SA resource indexes are mapped to the SA resource pattern in an increasing order, i.e. SA resource index 1 is mapped to SA resource pattern 1, SA resource index 2 is mapped to SA resource pattern 2, etc. The SA resource indexes larger than Nt*Nf/2 are not reserved.
· If Nt*Nf/2 > 64

· A UE-specific parameter n_offset is used to indicate the starting index of the SA resource pattern.
· SA_offset_mode1 = 64*mod(n_offset, ceil(Nt*Nf/2/64)) - 1  
· The SA resource index is mapped to the SA resource patterns in an increasing order, i.e. SA resource index 1 is mapped to resource pattern SA_offset_mode1, SA resource index 2 is mapped to resource pattern SA_offset_mode1 + 1, etc.
3 Conclusions

This contribution discussed the SA resource allocation for D2D. We propose the following proposals for SA resource pattern design and SA resource index mapping
Proposal 1:

· Mode-2 SA resource mapping: The time-frequency resource for the ith (logical index) SA resource pattern in the nth SA period is determined as follows

· First resource

· Time: nt{SA(i)} = mod(mod(i, Nt) + n_SA, Nt)

· Frequency: nf{SA(i)} = mod(i, Nf/2) 

· Second resource

· Time:  nt_next{SA(i)} = mod(nt{SA(i)} + mod(ceil(i, Nt) + n_RRC, Nt), Nt)

· Frequency: nf_next{SA(i)} = Nf - nf{SA(i)}

· Notations

· SA(i): the ith SA resource pattern where i is the logical index of SA resource pattern

· nt{SA(i)}: the first time resource for SA(i) in one given SA period

· nf{SA(i)}: the first frequency resource for SA(i) in one given SA period

· nt_next{SA(i)}: the second time resource for SA(i) in one given SA period

· nf_next{SA(i)}: the second frequency resource for SA(i) in one given SA period

· n_SA: the nth SA period

· Nt: the number of subframes configured for SA transmission

· Nf: the number of PRBs configured for SA transmission
· n_RRC: cell specific offset for collision avoidance among cells
Proposal 2

· Mode-1 SA resource index mapping: 
· If Nt*Nf/2 <= 64

· The SA resource indexes are mapped to the SA resource pattern in an increasing order, i.e. SA resource index 1 is mapped to SA resource pattern 1, SA resource index 2 is mapped to SA resource pattern 2, etc. The SA resource indexes larger than Nt*Nf/2 are not reserved.
· If Nt*Nf/2 > 64

· A UE-specific parameter n_offset is used to indicate the starting index of the SA resource pattern.

· SA_offset_mode1 = 64*mod(n_offset, ceil(Nt*Nf/2/64)) - 1  
· The SA resource index is mapped to the SA resource patterns in an increasing order, i.e. SA resource index 1 is mapped to resource pattern SA_offset_mode1, SA resource index 2 is mapped to resource pattern SA_offset_mode1 + 1, etc.
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