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1 Introduction
In this contribution, we provide our views on time-frequency resource allocation details for SA transmission. At the last RAN1 WG meeting, the SA pool allocation was discussed, while the frequency hopping and T-RPT details for SA were left for further discussion. In addition, the following agreements were made at the RAN1#78 WG meeting with respect to SA transmission:
Agreements:

· Number of transmissions: Always 2.
· Both transmissions use RV0.
Agreements (specific for Mode-1 SA):
· SA resource index (6bits) 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.
Agreements (for Mode-1 and Mode-2 SA):

· 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.

In addition, the mechanism of SA pool configuration using subframe bitmap was agreed similar to Mode-2 data resource pool definition. The following bitmap lengths were agreed for SA pool in FDD and TDD for different UL-DL configurations [1].

Table 1: Length of SA pool bitmap length.
	Duplexing

Length of SA Pool Bitmap

FDD

40(40ms)

TDD UL-DL#0

42(70ms)

TDD UL-DL#1

16(40ms)

TDD UL-DL#2

8(40ms)

TDD UL-DL#3

12(40ms)

TDD UL-DL#4

8(40ms)

TDD UL-DL#5

4(40ms)

TDD UL-DL#6

30(60ms)
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In this contribution, we discuss details of time-frequency resource allocation for SA transmission, including time resource patterns of transmission and frequency hopping.
2 On SA Time Frequency Resource Indication in Mode-1
2.1 On amount of bits for SA time resource indication

As it was agreed at the previous RAN1 WG meeting, the indication of SA resource index is restricted by 6 bits. It may imply some constraint on SA time frequency resource indication in Mode-1 D2D grant. Due to the agreed maximum number of blind decodes, 50 resource indexes are needed to allocate the whole bandwidth for SA transmission and 6 bits to indicate it. The maximum number of potential time resource indexes can be derived from the maximum SA bitmap size of 40 bits (42 for TDD UL-DL #0) divided by 2 because there are always two SA transmissions and predefined relation between them should be specified. Therefore, to indicate arbitrary time resource in the SA pool at most 5 bits are needed. In total, 10-11 bits are needed to indicate arbitrary time frequency resource for the first SA transmission (see Table 1).

Table 2. Number of SA resources to signal for different SA pool configurations and the required number of bits.

	
	SA Pool Bitmap Length
	1.4 MHz

6 PRB
	3 MHz

15 PRB
	5 MHz

25 PRB
	10 MHz

50 PRB
	15 MHz *
75 PRB
	20 MHz *
100 PRB

	FDD
	40
	120(7)
	300(9)
	500(9)
	1000(10)
	1000(10)
	1000(10)

	TDD UL-DL#0
	42
	126(7)
	315(9)
	525(10)
	1050(11)
	1050(11)
	1050(11)

	TDD UL-DL#1
	16
	48(6)
	120(7)
	200(8)
	400(9)
	400(9)
	400(9)

	TDD UL-DL#2
	8
	24(5)
	60(6)
	100(7)
	200(8)
	200(8)
	200(8)

	TDD UL-DL#3
	12
	36(6)
	90(7)
	150(8)
	300(9)
	300(9)
	300(9)

	TDD UL-DL#4
	8
	24(5)
	60(6)
	100(7)
	200(8)
	200(8)
	200(8)

	TDD UL-DL#5
	4
	12(4)
	30(5)
	50(6)
	100(7)
	100(7)
	100(7)

	TDD UL-DL#6
	30
	90(7)
	225(8)
	375(9)
	750(10)
	750(10)
	750(10)


*Note: for 15 MHz and 20 MHz the number of blind decodes is limited to 50 therefore signaling overhead is the same as for 10 MHz.

Observation 1
· In order to be able to indicate the whole set of potential SA pool resources the 10-11 bits are needed.
· Current RAN1 WG agreement on 6 bits dynamic indication of the SA resource index is not sufficient to cover all resources that can be a part of the Mode-1 SA resource pool configuration.

Obviously, additional amount of bits may be needed for indication of all time frequency SA resources for D2D transmitter. Given the potentially large size of the Mode-1 SA RX pool and limitations on the number of dynamically indicated SA TX resources (up to 64 resources dynamically signaled in D2D grant), two options can be considered for specification.

Option 1. Define SA scheduling regions within SA reception pool, each composed of not more than 64 SA resources. In this case a logical UE specific SA scheduling regions within entire Mode-1 SA RX pool may be defined for D2D transmitters using higher layer signaling. In this case, the SA resource index provided in D2D grant refers to SA resources available within predefined SA scheduling region, already known to the D2D transmitter (see Figure 1).
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Figure 1. Illustration of SA scheduling regions within SA pool.
There are multiple options how to define SA scheduling regions and how to map transmitting UEs. Generally, it is a function of resource pool configuration parameters. Division of SA resource pool into regions may be predefined in specification or semi-statically configured by an eNodeB. This may be even UE-specific mapping function. An eNB may define SA scheduling regions by slicing the logical SA pool into parts of 64 SA resources in “frequency first” or “time first” manner. The scheduling region is indicated to UE either explicitly through RRC or implicitly by some mapping rule based, for example, on RNTI and/or subframe index.
Option 2. Restriction on the of SA-reception pool size. Alternative solution is to restrict the amount of SA resources per SA reception pool to 64 resources so that D2D grant can address all resources that are available in the Mode-1 SA reception pool.

Proposal 1
· Define SA scheduling regions of size not more than 64 SA resources inside the SA pool.

· Assign one of the SA scheduling regions to a transmitting UE.

· The SA resource for transmission is defined by dynamic 6 bit D2D DCI field that points to the resource inside assigned scheduling region.
3 On Resource Restriction for 15 and 20 MHz Bandwidth

Due to limitation on the maximum number of SA blind decodes in a subframe, for system bandwidths of 15 and 20 MHz the additional rule is needed to enable SA transmission over a wide bandwidth and restrict SA resource selection and processing to a subset of at maximum 50 PRBs in Mode-2 out of coverage scenario. The reasonable options in this case are:

· Contiguous allocation of 50 PRBs in the center of the available bandwidth.
· Contiguous allocation of 25 PRBs at each edge of the bandwidth. 
· Interlaced allocation over whole bandwidth.
a. 20 MHz (100 PRBs): Repeat a [0, 1] mask (with any circular shift). That allows only even or odd PRB indexes.
b. 15 MHz (75 PRBs): Repeat a [0, 1, 1] mask (with any circular shift) over PRB indexes.
The interlaced SA transmission may provide an advantage of some mutual isolation of SA resources that may benefit from in-band emission interference perspective. Therefore we have following proposal:
Proposal 2
· Use interlaced SA frequency resource allocation in Mode-2 out of coverage scenarios at least for the case of wide system bandwidth.
4 Hopping Design for SA

One of the remaining aspects of SA transmission is the time-frequency relation between the first transmission and the retransmission. For SA, it is essential that the retransmission is linked with the first transmission by an unambiguous rule known both to transmitters and receivers.
First, SA hopping should be defined inside the logical SA reception pool in order to generalize and simplify the design. The reception pool is known to all UEs that allows combining of retransmissions.
Second, it is natural to divide SA logical pool into 2 TDMed equal parts: the first is for original transmission and the second for the retransmission. This will simplify the hopping design as well as reduce Mode-1 signaling since only half of the possible subframe indexes should be indicated. Depending on hopping design, these parts may be consecutive or interleaved.

The design goals of SA hopping are identical to the one used for D2D Discovery. Thus, the main options for the SA hopping may be reused from the discussion on Discovery repeated transmission hopping.
1) Contiguous re-transmission with frequency hopping. Frequency diversity is exploited, time diversity is limited and depending on SA resource pool configuration. Half-duplex problem is not solved.

second_nt = first_nt + 1,
second_nf = mod (first_nf + ceil (Nf/2), Nf).

2) Non-contiguous equal delay re-transmission with frequency hopping. Partial time and frequency diversity is exploited. Half-duplex problem is not solved.

second_nt = first_nt + Nt/2,
second_nf = mod (first_nf + ceil (Nf/2), Nf).

3) Half-duplex retransmission with time-frequency hopping. Frequency and opportunistic time diversity is exploited. Half-duplex problem may be solved.

· 3.1 (as proposed in [3]):

second_nt = mod (first_nf + first_nt, Nt/2) + Nt/2,
second_nf = mod (first_nf + ceil (Nf/2), Nf).

· 3.2 (the agreed Type 2B discovery hopping with c=1, b=1, a=0):

second_nt = mod (first_nf + first_nt*Nf, Nt/2) + Nt/2,

second_nf = mod (floor ((first_nf + first_nt*Nf)/Nt) + 1, Nf).
Where:
· first_nt – time resource of the first transmission assigned by eNB in Mode-1 or selected randomly (within the first SA subzone) in Mode-2. Note, that for Option 1, first_nt is selected from even subframes inside SA pool, and for other options first_nt is selected from the first Nt/2 subframes inside SA pool;
· first_nf – frequency resource of the first transmission assigned by eNB in Mode-1 or selected randomly (within the first SA subzone) in Mode-2;
· second_nt – time resource of the second transmission (re-transmission);
· second_nf – frequency resource of the second transmission (re-transmission);

· Nt – number of subframes that comprise SA resource pool (assumed as even number);
· Nf – number of PRBs in SA frequency resource pool.

For frequency diversity the half-band hopping is near-optimal for SA since there is only one retransmission. It may be realized by reusing PUSCH type 1 hopping modifying the resource pool to SA resources.
All these options have advantage of unambiguous relation between the first transmission and the retransmission so the receiver can combine decoding metrics. To make a final decision the listed options are evaluated by full system level simulations in the next subsection.
4.1 Simulation Results

The listed above options for SA hopping are evaluated in this section. The SA period is assumed to be 160 ms, the subframe bitmap for SA is all ones of length [2, 4, 8 or 16]. Remaining details of the simulation assumptions are in Appendix.
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	Figure 2. CDF of SA PER per link for different SA region sizes and different hopping schemes.


Observation 2
· Option 3.1 provides the best performance especially when a small SA region is configured.
· Option 3.2 has slightly worse performance comparing to 3.1 because the frequency hopping is rather opportunistic and depends on time resource indexes, therefore providing less frequency diversity gain.

Proposal 3
· The following SA hopping is specified:
second_nt = mod(first_nf + first_nt, Nt/2) + Nt/2,

second_nf = mod(first_nf + ceil(Nf/2), Nf).
5 Conclusions

In this contribution we provided our views on SA hopping design. Based on the discussion presented in the document we have the following observations and proposals:
Observation 1
· In order to be able to indicate the whole set of potential SA pool resources the 10-11 bits are needed.

· Current RAN1 WG agreement on 6 bits dynamic indication of the SA resource index is not sufficient to cover all resources that can be a part of the Mode-1 SA resource pool configuration.

Observation 2
· Option 3.1 provides the best performance especially when a small SA region is configured.

· Option 3.2 has slightly worse performance comparing to 3.1 because the frequency hopping is rather opportunistic and depends on time resource indexes, therefore providing less frequency diversity gain.

Proposal 1
· Define SA scheduling regions of size not more than 64 SA resources inside the SA pool.

· Assign one of the SA scheduling regions to a transmitting UE.

· The SA resource for transmission is defined by dynamic 6 bit D2D DCI field that points to the resource inside assigned scheduling region.

Proposal 2
· Use interlaced SA frequency resource allocation in Mode-2 out of coverage scenarios at least for the case of wide system bandwidth.

Proposal 3
· The following SA hopping is specified:

second_nt = mod(first_nf + first_nt, Nt/2) + Nt/2,

second_nf = mod(first_nf + ceil(Nf/2), Nf).
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Appendix – System Level Simulation Assumptions

In this section, we provide simulation assumptions for system level evaluation results. The assumptions used for analysis are summarized in tables below:

	Parameter
	Value

	Deployment scenarios
	Out of coverage, Option 5, 57 cells, ISD = 1732m [4]
Hotspot drop (100% outdoor)

	Synchronization
	Ideal synchronization

	D2D spectrum
	700 MHz @ 10 MHz, 48 PRBs are allocated for SA transmissions

	Maximum TX power
	23 dBm

	Power control
	Maximum power transmission

	RSRP threshold
	-107 dBm

	Pathloss model
	According to [4]

	Fast fading model
	According to [4]

	UE antenna configuration
	1 TX, 2 RX

	UE number
	3 transmitters and 29 receivers per cell sector in average

	In-band emission model
	Modeled according to the modified mask from TS 36.101 with {3,6,3,3} specific offsets [4]

	Traffic model
	VoIP traffic with header compression (328 bit payload) according to [4] is generated but only SA transmission of 50 bit is analyzed

	Transmission resource units
	48 frequency channels of 1 PRB

2 TTI transmission
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