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1. Introduction
At RAN1 #78 meeting [1], the following agreements were achieved for SA transmission:

Agreement:  

· Number of transmissions: Always 2

· Both transmissions use RV0
Agreement including the marked changes:
· Resource size for SA is 1 PRB pair

· In a given subframe, the maximum supported size of the combined SA resource pools (i.e. the sum of the mode 1 and mode 2 SA resource pools) is 50

No search space is defined within the SA resource pool.
Agreement:
              D2D Grant on (E)PDCCH
	
	1.4MHz
	20MHz

	Hopping flag
	1
	1

	Data RB allocation
	5
	13

	T-RPT index
	7
	7

	SA resource index
	6
	6

	TPC
	1
	1

	TOTAL:
	20
	28

	Rel-8 Format 0
	21
	28


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 signalling

· Details FFS

In this contribution, we present out views on pattern design including further analysis of SA resource index to indicate the time and frequency dimension in SA resource pool.
2. Candidate designs of SA resource pattern
Three approaches were proposed at RAN1 #78 meeting for SA pattern design [1]:
Scheme 1: Simplified Type 2B hopping pattern
Proposal from Qualcomm R1-143464 [2]

Following the Type 2B hopping offline discussion agreement, the proposal for SA is simplified to say:

· Second frequency resource is offset from first frequency resource by Nf/2

· Second time resource is selected based on an offset depending on the first frequency resource
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
It is observed that the number of subframes in the resource pool has to be even numbers to avoid half-duplex problem, which seems to be significant constraint on resource pool configuration, especially in TDD systems. In addition, since the formula places the first transmission and the second transmission in the first half and the second half of SA period, it restricts the maximum number of users that can hear each other, e.g., only when the number of frequency resources is half of number of time resources, can all users can hear each other. This is in fact very difficult to achieve when the number of SA subframes is small.
Scheme 2: Based on T-RPT for data
Proposal from Ericsson R1-143565[3]

· Use T-RPT patterns framework from R1-143456 also for SA

· For SA, the following parameters are used:

· N=4

· k=2

· Observation: 6 T-RPT patterns are defined

· It is an error case when the (pre)configured SA pools bitmap does not have N=4 “ones”

· FFS: how to select the SA T-RPT based on the SA RA field
· A T-RPT for SA is defined similarly to the T-RPT for data (e.g. as in R1-143367)
It is observed that T-RPT only indicates the time domain pattern, additional bits needed for frequency resource indication. If hopping mode indication is further added, the overhead would be very high. Limited by the total number of 6 bits for SA resource indication, such design would significantly restrict the pattern flexibility.
Scheme 3: SA pattern based frequency group
Proposal from Nokia R1-143656[4]
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1. The resource for SA is configured as a multiple of 3 PRBs, up to 24 PRBs.

· 3 bits for transmit pattern (1,2,3,4,5,6 as shown in the next slide)

· 3 bits for resource segments (as shown in the next sldie)

2. When 8 resource segments are configured, we can support 8x6=48 transmit patterns.

3. Frequency mapping can be used to map the logical resource to the PRBs.
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It is observed that when the resource for SA is configured as a multiple of 3 PRBs, the same PRB is transmitted twice, leading to less diversity gain in frequency and time.
Scheme 4: Time and frequency joint design
As analyzed in [6], the SA patterns need to have properties as below

· the need for frequency hopping in order to fulfil the link RSRP requirements with a reasonable number of retransmissions
· allocation resource in different sub frame in order to get diversity gain in time

· reducing overhead for control resource

· to ensure received to each other as much as possible  

Based on the above design principle, the following pattern can be considered for SA.
· Time: second_nt = mod(first_nt + first_nf +1, Nt)
· Frequency: second_nf = first_nf + ceil (Nf/2)

If the number of frequency resources is an odd, the second transmission of an SA would use the same frequency resource as the first transmission of the SA. The time domain resources would be ceil(Nt/2) apart in that frequency, or written in equations as:
· Time: second_nt = first_nt+ ceil（Nt/2) 

· Frequency:  second_nf = first_nf
An example of SA pattern is shown in Fig 1 where the number of subframes is 8 and the number of PRBs is 4 in a SA period
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Figure 1 An example of SA resource pattern with joint time-frequency design, Nt = 8, Nf = 4. 
Another example of SA pattern is shown in Figure 2 where the number of subframes is 4 and the number of PRBs is 3 in a SA period.


[image: image3.emf]1 2 3 4

5 6 5 6

4 1 2 3

subframe

1PRB

Frequency Group


Figure 2 An example of SA resource pattern with joint time-frequency design, Nt = 4, Nf = 3. 
According to the agreement in RAN1#78, there are only 6 bits to indicate time and frequency resource in an SA resource pool. One way is to use all 6 bits to indicate total 64 possibilities of SA resource locations. The alternative way is to first divide the SA resource pool into several frequency groups. The number of frequency resources can be made less than the number of subframes, e.g., 3 PRBs and 4 subframes to allow 6 transmitting UEs to hear each other, or 7 PRBs and 8 subframes to allow 28 UEs to hear each other. The corresponding number of bits per group is 3 and 5 bits, respectively. The rest of 3 bits or 1 bit can be used to indicate the group index. The benefits of Scheme 4 include: 
· Less constrain on time and frequency allocation
· Ensure the maximum number of transmitting UEs can hear each other
· Simple indication of resource, two level indication and joint design of time and frequency
3. Conclusion
Proposal 1: 
SA pattern is defined by: 

· Time: second_nt = mod(first_nt+first_nf  + 1, Nt)           
· Frequency:  second_nf = first_nf +ceil（Nf/2）
If the number of frequency resources is odd, the pattern in the remainder frequency resource is:
· Time: second_nt = first_nt+ ceil（Nt/2) 

· Frequency:  second_nf = first_nf
Proposal 2: 

SA resource index divided into frequency group and index indicated time and frequency in a frequency group 
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