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1. Introduction
In the last meeting, there were the following agreements related to D2D grant and SA. Based on that, remaining issues such as SA resource index mapping, hopping and timing relationship are discussed in this paper.
Agreements (RAN1#78):
· Number of transmissions: Always 2

· Both transmissions use RV0
Agreements (RAN1#78):

· 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 (RAN1#78):


[image: image1.emf]1.4 MHz 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

 (with obvious interpolation to the other bandwidths)

· 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

· TPC bit switches between maximum available power and open-loop power control

· T-RPT index is 7 bits in both D2D Grant and SA for both Mode 1 and Mode 2

· Mode 1 grant refers to the next instance of SA resource pool that starts at least 4ms after the subframe on which the Mode 1 grant is transmitted

2. SA resource index mapping
The SA field in D2D grant from eNB is used to indicate SA resource in logical domain which has one-to-one mapping relation to physical resource index in SA resource pool configured for each UE. Each UE can have its own offset when SA resource index is mapped to logical domain SA index. So even though SA resource index is the same as other UE(s), transformed index, i.e. logical SA index can be different if such an UE-specific offset value is applied to each UE. For example, it can be summarized like “Logical domain SA index = SA resource index (0~63 from D2D grant) + offset value (UE-specifically configured)”. The offset value can be initialized based on UE specific parameters (e.g. RNTI). One notable thing is that the range of logical domain SA index can be defined as larger than 64 in case that the number of physical domain SA resource units in a SA resource pool configured across multiple subframes is larger than 64. Meantime since SA resource index range is from 0 to 63 (i.e. 6-bit SA field), those indices are mapped to a set of 64 logical indices in one-to-one manner possibly out of more than 64 logical indices in case of the number of physical layer resource with larger than 64. In that case the offset value can be also used for the other purpose such that multiple SA indices from multiple UEsicescan be evenly distributed over physical SA resource units that has more than 64 resource units. On the contrary, the size of logical domain SA index can be defined smaller than 64 in case that the number of physical domain SA resource units in a resource pool is smaller than 64. Resultantly logical domain SA indexing range will be reduced to a certain smaller value than 64 as per the size of physical domain resource units. Given that 6-bit SA resource index by D2D grant can indicate more than that, it would be better for surplus states or bits to be utilized for other purpose (e.g. fixed value) rather than unused.
Figure 1 depicts one example of mapping relationship among SA resource index, logical domain SA index and physical domain resource index. It is assumed in Figure 1 that the number of physical resource units is 32, accordingly the range of logical SA indexing is 32 and the range of SA resource index by D2D grant is 32. As a result, the 32 states out of 64 states by 6-bit SA field remains unused in this example. Note that two subbands are configured as per the agreement on SA is that SA has a resource pool having two equal-size subbands in physical domain. 

Based on the assumptions above for illustration, one possible solution for logical-to-physical domain index mapping is proposed in Figure 1. The principle of this mapping is that SA indices onto physical domain resource pool domain are evenly distributed as much as possible in time domain perspective (i.e. across D2D subframes configured for SA resource pool). It is worthy noticing it should be avoided to densely map to a certain part of the resource pool or sparsely map to another part of the resource pool in resource utilization perspective. By applying the concept of time-first index mapping, unequally distributed index mapping can be avoided or mitigated as shown in Figure 1. 

On top of that, uniformly distributed mapping over frequency domain resources, i.e. RBs and subbands is preferred as well. It would be beneficial for inter-SA interference mitigation in such a way that two adjacent logical SA indices are mapped to two distant physical resource units in SA resource pool. Our proposed alternate mapping accross two SA subbands is illustrated in Figure 1. This alternate mapping is implemented in such a way that logical index 2 is mapped to physical index 2 of subband A, whereas logical index 3 is mapped to physical index 3 of subband B in Figure 1.
Consequently, our observation is that the proposed scheme that jointly exploits both time-first mapping and subband alternating mapping rule is well-aligned with the design principle mentioned above. Furthermore, additional benefits for the sake of uniform index distribution can be provided by UE-specific offset value setting.   

Proposal 1: UE-specific offset value is applied for logical domain SA index mapping
Proposal 2: Unused bit field, if any, out of 6-bit SA resource index is fixed to the known bit.
Proposal 3: Logical-to-physical resource mapping should be based on the principle in such a way that physical resources in a SA resource pool are uniformly mapped by logical SA index as much as possible. It is proposed to introduce both time-first resource mapping and subband alternating mapping.

[image: image2.emf]24

16

8

0

9

1

25

17

26

18

10

2

11

3

27

19

28

20

12

4

13

5

29

21

30

22

14

6

15

7

31

23

4

3

2

1

0

9

8

7

6

5

29

10

30

61

63

62

31

.

.

.

SA index 

(logical domain)

Subband A 

(used for SA)

e.g. 4 RBs

Subband B

(used for SA)

e.g. 4 RBs

Physical resources domain

65

64

Indexing 

range

(64 states)

Resource block

X

X

.

.

.

Index offset 

= 2

SA index field 

(6bit)

The end of logical index 

(assumed)

.

.

.

32

Not used at the moment

Unused 

states

L

o

g

i

c

a

l

 

t

o

 

P

h

y

s

i

c

a

l

 

m

a

p

p

i

n

g

.

.

.

.

.

.

.

.

.


Figure 1: Time-first mapping with alternating index mapping over two SA subbands 

(SA index=0~31, SA resource pools = 32)
3.  SA/Data transmission in association with D2D Grant reception
In the perspective of resource pool, when a UE receives a D2D grant in subframe n, it transmits SA in SA resource pool in subframe n+k where k is the smallest integer larger than or equal to 4 such that subframe n+k is a subframe in which the UE is supposed to transmit the updated SA by D2D grant. If k is 3, then SA will be transmitted in the next SA resource pool. In short, minimum time between D2D Grant reception and SA transmission resource pool should be specified, e.g. k=4.
Based on abovementioned rule, the second D2D grant between SA resource pools cycle can be arrived after reception of the first D2D grant while SA/Data transmission will be still performed by the SA already sent in the previous SA resource pool as per the first D2D grant. Even though the second D2D grant including different contents such as change of TPC bit (e.g. indicating switch to maximum transmit power) is arrived, its changed contents cannot affect the transmission of in-between Data transmissions before next SA resource pool. However ignoring TPC indication can cause severe interference problem. Therefore taking into account instantaneous time-varying interference characteristic or emergency/urgent case and etc, at least TPC indication should be able to apply immediately to SA/Data transmission in (n+4)-th subframe after reception of any D2D grant. 

In addition, in case that multiple D2D grants are received on time duration between SA transmission resource pools, it’s desirable that the most recently-received D2D grant is applied to SA/Data transmission in coming SA/Data resource pool.
One open issue is whether a UE shall transmit SA according to the received D2D grant. Considering that the D2D resource allocated to a certain UE by a D2D grant will not be allocated to any other D2D UEs. Then, not transmitting the corresponding SA provides no benefit even when the UE does not have any D2D traffic at the time instant of SA transmission. The resources indicated by the SA can be used for transmissions of data arriving later. In addition, if eNB is able to detect SA transmissions from D2D UEs, it can know that the D2D grant is successfully delivered to the UE.

Proposal 4: Resource allocation of a D2D grant received in SF #n applies to the first SA pool that appears after SF #n+3.

Proposal 5: TPC of a D2D grant received in SF #n applies from the SA or data transmission that appears after SF #n+3.

Proposal 6: In case that multiple D2D grants are received on time duration between SA transmission resource pools, the most recently-received D2D grant is applied to SA/Data transmission in coming SA/Data resource pool.
Proposal 7: A UE shall transmit SA according to the received D2D grant.
4. Repetition of SA transmission
In RAN1 #78, it was agreed that the number of transmissions of SA within a SA period is 2. The purpose of SA repetition within a SA period should be to solve half duplex constraint because if a UE fails to receive an SA within a SA period, the whole data packets corresponding to the SA during one data period can be lost. We have already agreed the half duplex hopping equation for Type 2B discovery. It is not desirable to make an additional hopping pattern only for SA to solve the same problem. Therefore, we propose to reuse Type 2B hopping equation with some modification for SA hopping within a period. Firstly, as mentioned in [1], it is unclear for the usage of c value, and thus we propose to fix c=1. Secondly, the time varying hopping parameter is not required for SA transmission because the purpose of introducing time varying hopping parameter is to solve the drawback of the hopping pattern for squared resource pool shape (i.e. Nt=Nf). However, typically SA resource pool shape will not be square. The cell specific hopping pattern can also be fixed since in RAN1 #77 it was agreed as follows,

Agreement (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. 

Based on the agreement, there is no configurability for SA hopping pattern. Our proposal for SA hopping pattern within a SA period is summarized as the following proposal,

Proposal 8:

SA hopping is defined by

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

· Frequency:  next_nf = mod(floor((first_nf + first_nt*Nf) /Nt) + b, 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

· a and b are fixed in specification, e.g. a=b=0. 
5. Conclusion
Proposal 1: UE-specific offset value is applied for logical domain SA index mapping
Proposal 2: Unused bit field, if any, out of 6-bit SA resource index is fixed to the known bit.

Proposal 3: Logical-to-physical resource mapping should be based on the principle in such a way that physical resources in a SA resource pool are uniformly mapped by logical SA index as much as possible. It is proposed to introduce both time-first resource mapping and subband alternating mapping
Proposal 4: Resource allocation of a D2D grant received in SF #n applies to the first SA pool that appears after SF #n+3.

Proposal 5: TPC of a D2D grant received in SF #n applies from the SA or data transmission that appears after SF #n+3.

Proposal 6: In case that multiple D2D grants are received on time duration between SA transmission resource pools, the most recently-received D2D grant is applied to SA/Data transmission in coming SA/Data resource pool.
Proposal 7: A UE shall transmit SA according to the received D2D grant.
Proposal 8:

SA hopping is defined by

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

· Frequency:  next_nf = mod(floor((first_nf + first_nt*Nf) /Nt) + b, 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

a and b are fixed in specification, e.g. a=b=0.
______________________________________________________________________
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