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1 Introduction

The resource allocation details for Mode-2 D2D operation were discussed at the RAN1#77 meeting. As a results the following agreement and working assumptions were made by RAN1 WG: 
Agreement:

· The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis

Working Assumption:

· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA

· T-RPT in the SA indicates:

· Transmission interval(s) between transmission of multiple MAC PDUs

· Number of transmissions of a given MAC PDU (if more than one value is possible)

· Resources for transmission of each MAC PDU

· T-RPT has no more than 256 values

· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers.
· FFS whether (and if so how) the frequency resource might be jointly signaled with time domain info.
· FFS whether the interpretation of the bits is UE-specific or common.
In this document we address the remaining issues for Mode-2 D2D operation, including open T-RPT design aspects, Mode-2 frequency resources and resource selection schemes.

2 Frequency Resources

Frequency resource allocation and hopping are signaled in SA separately from T-RPT indication. In [6], it is concluded that frequency hopping is beneficial for D2D broadcast communication and can be supported for in coverage and out of coverage Mode-2 operation. The maximum frequency allocation size and allocation granularity may be fixed if the signaling overhead is of concern.
Proposal 1
· Frequency allocation and hopping are signaled in SA separately of T-RPT information.
2.1 Frequency Resource Selection

At the previous meeting, companies were encouraged to further study collision avoidance schemes for Mode-2 D2D operation [2]. In particular, it was requested to study whether frequency resources can be selected randomly or using some collision avoidance procedure.
In this section, we study 2 different approaches to frequency resource selection: random and minimum energy based. The minimum energy based selection is done ideally in order to show the upper bound performance. Additionally, we study different reselection periods: infinity – no reselection is assumed, 20ms – fast reselection which can provide good interference randomization, and 160ms –reselection period which corresponds to the maximum SA cycle value, which is constrained by VoIP latency requirement of 200ms.
Figure 1 presents the performance of broadcast VoIP operation in Mode-2 out of coverage for different frequency channel selection methods. As a performance metric we analyze the CDF of average PER experienced at the particular link and CDF of the number of covered UEs. The Hotspot user drop is modelled with 3 PRB and 4 TTI per VoIP PDU using pseudo-random T-RPT (see the next section for more details). The list of main simulation assumptions is provided in the Appendix.
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	Figure 1: VoIP performance for different frequency resource selection schemes: a) CDF of link PER, b) Number of covered RXs per TX (i.e. amount of successful VoIP  links (PER ≤ 2%) per D2D TX 


Observation 1
· Random frequency channel selection provides similar performance comparing to the minimum energy based approach.
· Frequency resource reselection leads to slightly decreased number of links with PER ≤ 2%. 

Proposal 2
· Random frequency selection with large or no reselection period is specified for Mode-2 D2D operation.
3 T-RPT for Data
At the previous RAN1 meeting, it was requested to provide the design for time resource patterns for transmissions – T-RPTs. In this section we discuss the T-RPT design aspects for Mode-2 operation in out of coverage and in coverage scenarios.
3.1 Discussion on T-RPT Interpretation

The T-RPT for data may be defined over:
· Option 1: Full set of system UL subframes

· Option 2: D2D subframes (included in Mode-1 or Mode-2 resource pool as per working assumption from RAN1#77)
We propose to agree on the RAN1 working assumption (Option 2), that T-RPT time indexes are interpreted as indexes of the D2D data resource pool. The definition of T-RPT over D2D subframes is more natural and can simplify or unify T-RPT design across different modes, operation scenarios and resource pool configurations.
Proposal 3
· Confirm the working assumption, that T-RPT indexes are defined over subframes of the D2D data resource pool.
For the in coverage and partial coverage Mode-2 operation the particular D2D data resource pool can be configured by network via SIB and PD2DSCH respectively, while for out of coverage the Mode-2 D2D data resources may be defined as all subframes excluding subframes carrying SA and Sync channels. The discussion about Mode-1 resources for data transmission can be found in our companion contribution [7].

In coverage
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Figure 2: Example of Mode-2 resource pools for in-coverage and out of coverage scenarios.
For the partial coverage case, the Mode-2 resources should be preconfigured or derived from the PD2DSCH channel which relays the configuration from the network. However, if the arbitrary configuration of Mode-2 resources is agreed to be signaled in RRC then it cannot fit into small PD2DSCH channel (~50 bit overall size). In this case, only periodic subset of in coverage Mode-2 resources may be relayed using simple signaling (e.g. the index of predefined pool [4] or the small bitmap + period + offset).
Proposal 4
· For in coverage and partial coverage Mode-2, the D2D data resource pool is explicitly signaled in SIB and PD2DSCH respectively.
· The reduced signaling based mechanism is used for relaying in PD2DSCH
· For out of coverage Mode-2, the D2D data resource pool is defined over subframes not-carrying SA and Sync (D2DSS and PD2DSCH) channels.
Once D2D resource pool is defined, a set of subframes over which a single T-RPT is constructed and signaled needs to be defined. The T-RPT may be defined over logical data resource pool between 2 consecutive SA regions. The SA region is assumed to be a part of SA resource pool where only one unique SA message transmission from each UE is allowed, i.e. SA regions are separated by one SA scheduling cycle. The SA scheduling cycle may be configured by upper layers.
Proposal 5
· T-RPT is constructed and signaled over one SA scheduling cycle (i.e. between two consecutive logical SA regions).
· For inter-cell and inter-mode communication, an RX UE should know the data resource pool which is assumed by the TX UE during the T-RPT construction.
3.2 Number of TTIs per PDU
Before designing the T-RPT patterns it is important to define the target number of TTIs for a single VoIP PDU transmission. According to link level studies, in order to satisfy the target VoIP sensitivity (-107 dBm received power threshold or -130 dB target MCL) the 4 TTIs needs to be transmitted by D2D TX. However, at system level, the interference environment should be considered to decide about the optimal number of TTIs. In particular the large number of TTIs may degrade performance. In this section, we analyze broadcast performance depending on the number of TTIs utilized per one VoIP packet. In Figure 3, the metrics for [1...8] TTIs per VoIP PDU are presented. The Hotspot user drop scenario is modelled assuming 3 PRBs per TTI and pseudo-random T-RPT (see the next section). The detailed simulation assumptions are listed in the Appendix.
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	Figure 3: VoIP performance for different number of TTI per VoIP PDU: a) CDF of link PER, b) Number of covered RXs per TX (i.e. amount of successful VoIP  links (PER ≤ 2%) per D2D TX


The analysis of the link PER distribution and amount of covered receivers leads to the following observations:

Observation 2
· For 1-4 TTIs, the more TTIs are transmitted the better the system level performance is observed (due to energy per bit accumulation).
· For 4-7 TTIs, the more TTIs are transmitted the worse the system level performance due to more complex interference environment and smaller reuse factor.
· The 4 TTIs per VoIP packet provide the best system level performance for out of coverage operation with -130 dB MCL target.
Proposal 6
· Maximum 4 TTIs per PDU are preconfigured for out of coverage operation.
· The amount of retransmissions per PDU is selected from the preconfigured set [1, 2, 3, 4].
3.3 T-RPT Design Options

During the D2D SI and WI companies identified several options for T-RPT design:

1) Regular periodic
· Simple periodic “n every m” T-RPTs (e.g. 4 TTI every 20 subframes or 1 TTI every 5 subframes) [5], [9].
2) Pseudo-random
· “n out of m” T-RPT generated by pseudo-random rule initialized with some ID [5],[8]-[9];
· “n out of m” optimized pseudo-random set

· E.g. similar to the analyzed in [8], [9]
· Hadamard/Walsh matrix based set [9]-[11].
In the Table 1 below, we summarize our views on the potential pros and cons of the T-RPT design options.
Table 1. T-RPT design options overview
	
	Specification Impact
	Signaling Overhead
	Configuration Flexibility
	Receiver Implications

	Regular “n every m”
	Low

Simple pattern configuration
	Medium
Configuration and signaling of regular T-RPTs is done by simple signaling
	Medium

A pattern can be flexibly constructed depending on the configured pool, but may not optimally utilize available D2D subframes
	Low

No blind detection of a TTI

	Pseudo-random



	Hadamard/Walsh matrix based
	Medium

Whole set of patterns or pattern construction rule needs to be defined
	Medium
A single pattern index is signaled
	Low

There is no unified construction procedure for arbitrarily configured resource pool
	Medium
Due to larger number of transmission opportunities in the pattern than number of transmitted TTIs, the receiver needs blind TTI detection

	
	Full “n out of m” set
	Low

PRBS generation rule; initialization sequence signaling
	Low

Initialization sequence for PRBS generation
	High

A pattern can be generated for any configured resource pool
	Low

No blind detection of a TTI

	
	Optimized/reduced “n out of m” set
	Medium

Specification of the whole set of patterns or the pattern construction rule
	Medium
A single pattern index is signaled
	Low

No flexibility in construction of optimized patterns
	Low

No blind detection of a TTI


Observation 3
· Regular and pseudo-random “n out of m” T-RPT generation schemes have reasonable specification impact, signaling overhead and configuration flexibility and proposed for further considerations for Mode-2 resource allocation 
In order to check interference related problems, we analyze the performance of the described above T-RPTs by system level simulations according to the agreed D2D evaluation methodology [1].
The following T-RPT patterns were analyzed:

1) Baseline:

Consecutive TTIs, i.e. all TTIs are transmitted consecutively as soon as a PDU is generated by the AMR codec and available in TX buffer. The drawback of this approach is that receiver does not know the packet transmission start time. For the sake of simulation we assume that transmission start time is ideally detected by the receivers, i.e. w/o any errors.
2) Regular patterns:
5 orthogonal T-RPTs are constructed following the rule “1 TTI every 5 subframes”. For this T-RPT, we study two methods:
a. No sync source assistance, i.e. UE randomly selects one of the 5 T-RPTs orthogonal in time.
b. The sync source assistance as described in [12]. In this case the UE selects the T-RPT advertised by nearest synchronization source. It is assumed that each synchronization source is associated with one of the T-RPTs.
3) Hadamard based pseudo-random:
2·(S-1) patterns are constructed from the SxS Hadamard matrix by discarding the 0-th row which contains all “1” and doubling the amount of patterns by the inversion of the original (S-1)xS matrix. In current analysis the S was set to 20.
4) Pseudo-random “n out of m” full set of patterns:
“4 out of 20” TTIs are randomly selected for a PDU transmission. In total there are 4845 different patterns which is determined by 
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5) Pseudo-random “n out of m” optimized reduced set:
a. “4 out of 20” set of 256 patterns with maximum 2 TTIs overlapped,
b. “4 out of 20” Hadamard 8x8 matrix based 65 patterns with maximum 2 TTIs collided (the Hadamard based pseudo-random patterns without blind TTI detection);
In Figure 4, we plot the performance metrics for all discussed above T-RPT options. The Hotspot user drop scenario is used for analysis. The frequency resource and T-RPT are selected randomly with no reselection (i.e. reselection period is set to infinity). Other assumptions are listed in the Appendix.
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	Figure 4: VoIP performance for different T-RPTs: a) CDF of link PER, b) Number of covered RXs per TX (i.e. amount of successful VoIP  links (PER ≤ 2%) per D2D TX


Observation 4
· Pseudo-random patterns provide better performance than regular patterns without sync source assistance
· Sync source assistance helps to achieve similar performance as for pseudo-random T-RPTs on 2% BLER target and have the best performance for stricter BLER target
· The full set of the “4 out of 20” pseudo-random patterns provides the best performance
Based on the conducted performance study we have following proposals:

Proposal 7
· The following two T-RPT pattern types are specified:

· Pseudo-random “n out of m” T-RPTs.
· Regular T-RPTs with proper interference management.
3.4 Pseudo-Random T-RPT Generation
For Mode-2 operation, the pseudo-random T-RPT generation procedure needs to be defined. The regular pattern generation procedure is discussed in our companion contribution [7], since it is more applicable/beneficial for Mode-1 resource allocation.
The following parameters may be used for the generation of the pseudo-random T-RPT:

· n – number of TTIs for transmission per randomization period. The randomization period may be equal to the amount of D2D subframes in one SA scheduling cycle or another value fixed by upper layers;
· m – total number of available TTIs in a single randomization period;
· seed – initialization sequence for the pseudo-random generator. It is used to derive the T-RPT;
· NPDU – the number of PDUs to be scheduled in one SA scheduling cycle;
· NTTI – the (pre)configured number of TTIs per PDU.
In case of the pseudo-random T-RPT generation, the following procedure can be used as an example of T-RPT construction:

1) Using pseudo-random generator initialized by seed generate the iTRPT value in the range from 0 to Cmn-1, where Cmn is defined as the number of combinations of n things taken m at a time.

2) The T-RPT is unambiguously reconstructed based on the generated iTRPT, and predefined n and m (similar to EPDCCH allocation PRB set signaling).
The procedure of random selection of the “n out of m” T-RPT is defined above. However, to complete the T-RPT definition it needs to be decided, how the parameters n and m are selected. In practice the following equation can be applied:

(n, m) = (N, ⌊SA cycle / M⌋).
where parameters N and M may take one of the following values:

· Option A: M = NTTI, N = NPDU. The SA scheduling cycle is divided equally into NTTI parts, in each part NPDU subframes are selected.

· Option B: M = NPDU, N = NTTI. The SA scheduling cycle is divided equally into NPDU parts, in each part NTTI subframes are selected.

· Option C: M = max (NTTI, NPDU), N = min (NTTI, NPDU). The adaptive option, which switches between A and B options.

· Option D: M = 1, N = NTTI·NPDU. The whole SA scheduling cycle is taken and NTTI·NPDU subframes are randomly selected.

Each option leads to different randomization period length. The Option C provides tradeoff between randomization period and SA cycle length. Note, that previous studies have shown that the larger the randomization period, the worse the performance [5].
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Figure 5. Example of pseudo-random T-RPT
There is a probability that SA cycle may not be multiple of the randomization period. The remaining subframes in the logical resource pool may left unused. Alternatively, in order to randomize the position of the unused residual subframes it is proposed to reuse the pseudo-random procedure to generate additional random offset for the constructed T-RPT.

At the receiver side, the pseudo-random T-RPT is reconstructed if parameters n, m and seed are known. The n and m values can be (pre)configured or signaled in the SA message. The seed is a function of source, destination identity and optionally of randomization bits in the T-RPT information field.
Observation 5
· The pseudo-random pattern can be derived using 3 parameters: n, m, and seed, where seed is a function of source and destination identity.
· n and m for randomization are selected as (n, m) = (min (NTTI, NPDU), ⌊SA cycle / max (NTTI, NPDU)⌋).
3.5 T-RPT Reselection

In order to achieve better interference randomization and collision avoidance, similar to frequency resource the T-RPT may be reselected periodically. In this section we provide simulation results for different T-RPT reselection periods [20ms, 40ms, 80ms, 160ms, infinity] for the pseudo-random “4 out of 20” full set scheme presented in the previous section.
	[image: image11.emf]10

-2

10

-1

10

0

0.8

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

CDF of PER per link

PER

CDF

 

 

inf

20

40

80

160


	[image: image12.emf]10 20 30 40 50 60 70 80 90

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of covered RX UEs

Number of RX UEs

CDF

 

 

inf

20

40

80

160



	Figure 6 : VoIP performance for different T-RPT reselection periods: a) CDF of link PER, b) Number of covered RXs per TX (i.e. amount of successful VoIP  links (PER ≤ 2%) per D2D TX


Observation 6
· Introduction of small reselection periods up to 160ms leads to noticeable performance loss for low PER (e.g. 2% VoIP BLER target bound).
· The T-RPT reselection can provide slight performance improvements for services with BLER target > 10%
Proposal 8
· For Mode-2 operation, the T-RPT pattern is selected once per VoIP talk session or reselected at large time scales.
4 Conclusions

In this contribution we discussed the remaining details of Mode-2 operation for in coverage, partial coverage and out of coverage scenarios, including resource pool for data transmission, frequency resources, T-RPT design and resource selection. The following proposals were made:
Proposal 1
· Frequency allocation and hopping are signaled in SA separately of T-RPT information.

Proposal 2
· Random frequency selection with large or no reselection period is specified for Mode-2 D2D operation.

Proposal 3
· Confirm the working assumption, that T-RPT indexes are defined over subframes of the D2D data resource pool.
Proposal 4
· For in coverage and partial coverage Mode-2, the D2D data resource pool is explicitly signaled in SIB and PD2DSCH respectively.

· The reduced signaling based mechanism is used for relaying in PD2DSCH.
· For out of coverage Mode-2, the D2D data resource pool is defined over subframes not-carrying SA and Sync (D2DSS and PD2DSCH) channels.

Proposal 5
· T-RPT is constructed and signaled over one SA scheduling cycle (i.e. between two consecutive logical SA regions).
· For inter-cell and inter-mode communication, an RX UE should know the data resource pool which is assumed by the TX UE during the T-RPT construction.
Proposal 6
· Maximum 4 TTIs per PDU are preconfigured for out of coverage operation.

· The amount of retransmissions per PDU is selected from the preconfigured set [1, 2, 3, 4].
Proposal 7
· The following two T-RPT pattern types are specified:

· Pseudo-random “n out of m” T-RPTs.

· Regular T-RPTs with proper interference management.

Proposal 8
· For Mode-2 operation, the T-RPT pattern is selected once per VoIP talk session or reselected at large time scales.
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Appendix – Simulation Assumptions

This appendix provides, summary of the system level evaluation assumptions that were used for system level analysis of VoIP D2D broadcast communication in Public Safety specific scenarios.

	Parameter
	Value

	Deployment scenarios
	Out of coverage, Option 5, 57 cells, ISD = 1732m [1]
Hotspot drop (100% outdoor)

	Synchronization
	Ideal synchronization

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

	Maximum TX power
	23 dBm

	Power control
	Maximum power transmission

	RSRP threshold
	-107 dBm

	Pathloss model
	According to [1]

	Fast fading model
	According to [1]

	UE antenna configuration
	1 TX, 2 RX

	UE number
	9 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 [1]

	Traffic model
	VoIP traffic with header compression (328 bit payload) according to [1]

	Transmission resource units
	16 frequency channels of 3 PRB

[1-8] TTI blind transmission
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