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1 Introduction

At the RAN1 #77 meeting, the following agreement was made with respect to the discovery resource size [1]:

· If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 or 3 contiguous PRB in frequency and 1 sub-frame without frequency hopping across slots
· FFS: The number of contiguous PRB in frequency, and down selected between “2” or “3”.
In addition, the following agreement was made regarding frequency hopping [1]:

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Details FFS, including: 

· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

· FFS: Whether or not frequency hopping is used, e.g:

· configurable for Mode 1

· preconfigured for Mode 2

· FFS details of hopping parameters and how they are (pre-)configured

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)
With respect to the DM-RS transmission, the following agreement was made [1]:

· PUSCH DMRS are used for SA, Data and Discovery without frequency hopping across slots
· 2 RS signals on Symbols with l=3 and for normal CP, l=2 for extended CP

· FFS: remaining aspects of base sequence, cyclic shift and OCC

· PUSCH RE mapping is used for SA, Data and Discovery if D2DSS is not transmitted, at least by the same UE, on the same sub-frame

· FFS if it possible that the transmitting UE knows D2DSS is configured to be transmitted by another UE in the same subframe.
Further, the following working assumption was made regarding the repeated transmission [1]:
· Repetition (FFS: either contiguous or non-contiguous in time domain) of transmission of a given MAC PDU by a UE within a discovery period is supported

· For Type 1 discovery, UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.

· FFS: Receiver behavior
In this contribution, we share our views on the D2D discovery resource size and repeated transmission and present link- and system-level simulation results for D2D discovery in LTE systems.
2 Discussion on Discovery Resource Size
As agreed in the RAN1 #77 meeting, “For all UEs, 1-symbol gap is used in every D2D transmission subframe” and “A preamble is not needed for discovery or communication”.  According to these agreements, physical layer structure for D2D discovery is illustrated in the Figure 1. 
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Figure 1. Discovery physical signal structure (1 PRB)
Further, as agreed in the RAN1 #77 meeting, “If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 or 3 contiguous PRB in frequency and 1 sub-frame without frequency hopping across slots”. In this section, we present the link- and system-level simulation results on the determination of discovery resource size.
2.1 Link-level simulation results

The link-level simulation assumptions are outlined in the Appendix of this contribution. In the simulations, payload size of 232 bits (totally 256 bits with 24 CRC bits) and a fixed timing and frequency offset were assumed, i.e., ∆t = 3.0µs and ∆f = 400Hz. At the receiver, phase differentiation within each DM-RS symbol in the frequency domain was employed for timing offset estimation, and phase differentiation among 2 DM-RS symbols was performed for frequency offset estimation.
Figure 2 illustrates the link-level discovery performance for normal and extended CP when discovery resource size is 2 and 3 PRBs, respectively. From the plots, it can be observed that for normal CP case, 8dB and 10dB SNR are needed for discovery resource with 3 and 2 PRBs, respectively. Moreover, for extended CP case, additional 1.0dB and 1.1dB are required to achieve the same link level performance with 2 and 3 PRBs, respectively. 
The link-level results indicate that the difference between the 2 and 3 PRBs options in terms of Maximum Coupling Loss (MCL) is quite small: about 2dB coding gain vs. 1.81dB loss in the transmit power spectral density (PSD). 

[image: image2.emf]5 6 7 8 9 10 11 12 13

10

-3

10

-2

10

-1

 SNR (in dB)

 BLER

 D2D discovery: NCP, 



t = 3.0



s, 



f = 400Hz

 

 

2 PRBs

3 PRBs

6 7 8 9 10 11 12 13 14

10

-3

10

-2

10

-1

 SNR (in dB)

 BLER

 D2D discovery: ECP, 



t = 3.0



s, 



f = 400Hz

 

 

2 PRBs

3 PRBs


Figure 2. D2D discovery performance with 2 and 3 PRBs: normal and extended CP
Observation 1
· For normal CP case, ~8dB and 10dB SNR are needed for discovery resource with 3 and 2 PRBs, respectively. 
· For extended CP case, additional 1.0dB and 1.1dB are required to achieve the same link level performance with 2 and 3 PRBs, respectively.
2.2 System-level simulation results

To evaluate the overall performance for the two discovery resource size options at the system level, evaluations were conducted according to the agreed system-level evaluation methodology considering Type 1 discovery procedure. As for the case of link-level analysis, a discovery message size of 232 bits + 24 bits (CRC) was assumed. Discovery resource sizes of 2 and 3 PRBs and a contiguous repetition of discovery signals were assumed for the analysis.
The discovery procedure was evaluated for the RAN1 WG-agreed within network coverage scenario: General scenario (Option 1) with 500m ISD and one indoor hotzone per macro-cell area considering a 1-tier network (21-cell network with wrap around). User drop methodology and in-band emissions (IBE) were modeled according to latest RAN1 WG agreements. Specifically, IBE was modeled according to the model in TS 36.101 with {W,X,Y,Z}={3,6,3,3}dB. 
For simulations, a 10 MHz system bandwidth was assumed. In each discovery period, the discovery resource pool was assumed to span 44 PRBs and 45 PRBs in frequency for 2 and 3 PRBs cases, respectively. Further, 30 subframes were assumed to constitute the discovery resource pool in each discovery period.

At the system-level, the 3 PRBs option leads to a decrease in the interference power due to the decrease in the transmit PSD, while at the same time, it results in increased probability of collisions for the same size of the overall discovery resource pool. Hence, it is relevant to evaluate the performance for difference interference levels at the system level.
Accordingly, for the similar resource pool configuration as described above, two different interference situations were evaluated: one without any interference control mechanism, and another with the application of an interference control mechanism. Specifically, for the interference control mechanism, the adaptive probabilistic transmission mechanism [2] was applied. For the first discovery period, a UE-specific transmission probability that is uniformly randomly distributed between 0.01 and 0.99 was independently chosen for each TX UE to approximate steady-state behavior at the system level. Lastly, for the additive increase additive decrease (AIAD) scheme of adaptive probabilistic transmission, the increment and decrement additive factors were chosen as 0.1 and 0.45 respectively for both discovery resource sizes for a fair comparison.
The average number of UEs discovered as a function of time (here, represented in terms of the number of discovery periods) are presented in Figure 3.
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Figure 3. D2D discovery performance with 2 and 3 PRBs: without and with interference control
The results in Figure 3 indicate that, without the application of any interference control the 3 PRBs discovery resource size performs slightly inferior to the 2 PRBs case. With the application of similar level of interference control, the impact of interference is reduced and accordingly, almost same performance is observed for the two discovery resource size choices.

Finally, while the above system-level analysis was performed assuming normal CP, considering the link-level results for normal and extended CP cases, similar conclusions can be expected even for the extended CP case. Based on the presented analyses, it is recommended that a discovery resource size is set to 2 PRBs for both normal and extended CP cases.

Proposal 1

· If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 contiguous PRBs in frequency and 1 sub-frame without frequency hopping across slots. 

3 Discussion on Repeated Transmission

3.1 Contiguous vs. non-contiguous transmission

For the agreed discovery signal physical structure and the expected discovery message size for non-PS applications of around 256bits, in order to ensure sufficient link-budget between D2D links for discovery signal reception (and thereby discovery range in various deployments), it is imperative that repeated transmissions are supported. 

Hence, we propose to confirm the working assumption for the support of repeated transmissions within a discovery period.
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Figure 4. D2D discovery with repeated transmission
As illustrated in the Figure 4, several options can be considered for D2D discovery with repeated transmission. The detailed design aspects for different options are presented as follows:
· Option 1: contiguous repetition. In this option, discovery packets are transmitted in consecutive D2D subframes. Further, inter-subframe frequency hopping can be employed to exploit the benefits of frequency diversity. 
· Option 2: fixed delay repetition. In this option, a fixed time delay between multiple (re)transmissions for D2D discovery is defined. In the example as shown in the Figure 4, one resource pool is divided into two sub-regions and the gap between initial and repeated transmission is half of the resource pool in time. 
· Option 3: repetition with resource hopping. Similar to the resource hopping mechanism for Type 2B discovery, time and frequency hopping can be applied for repeated transmission between multiple sub-regions within one resource pool. This resource hopping mechanism is mainly used to address the half-duplex issue, i.e., to minimize the probability that two discovery signals from different UEs are transmitted on the same sub-frames across sub-regions. 
Given the low mobility characteristics of ProSe-enabled devices, the coherence time of fading channels is relatively large, e.g., in the order of 10ms or even more. Since the size of resource pool is likely small so as to minimize the impact on WAN operation, the benefits of time diversity with fixed time delay in the Option 2 could be limited in comparison to the frequency diversity. 
Figure 5 shows the link level discovery performance for option 1 and option 2 when chase combining (CC) and incremental redundancy (IR) were employed for repeated transmissions. In the simulations, Type 1 PUSCH based frequency hopping is applied for both options. Additionally, for Option 2, the gap between initial and repeated transmission is 16 subframes. From the figures, it can be observed that link-level performance difference between the Options 1 and 2 is marginal as diversity gain can already be achieved by the frequency hopping. 
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Figure 5. D2D discovery performance for option 1 and 2
Further for Option 3, the combining gain may not be always guaranteed due to the fact that after resource hopping, two discovery resources which are initially transmitted in the distinct subframes may occur in the same subframe in the subsequent repetitions. In this case, discovering UEs may not be able to perform combining because of half-duplex constraint. 
Given that Option 3 aims to provide a part of both half-duplex attenuation and “opportunistic” combining gains, it is relevant that Options 1 and 3 are compared at the system-level. Accordingly, we performed system-level analysis to compare these two options. For both options a discovery resource size 2 PRB-pairs was assumed, with a discovery resource pool size of 44 PRBs and 30 subframes, with remaining assumptions as described in Section 2.2. The results are shown in Figure 6.
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Figure 6. D2D discovery performance with 2 PRBs: without and with interference control

The results in Figure 6 indicate that Option 3 does provide marginal improved latency performance, but performs slightly inferior to Option 1 in terms of mid-to-long term performance, especially when no interference control is applied. Based on the above analysis, it is recommended to support contiguous repetition for D2D discovery. 

In terms of receiver behaviour, a UE is expected to combine the receptions over the two contiguous discovery subframes, except when it drops D2D discovery reception on a particular discovery subframe in favour of any other higher priority WAN or D2D transmission/reception.
Proposal 2
· Confirm the working assumption that repeated transmissions of discovery signal within a discovery period is supported.

· Contiguous repetition is supported for D2D discovery. 

3.2 Frequency hopping

As agreed in the RAN1#77 meeting [1], frequency hopping for repeated transmission can be either PUCCH-like or PUSCH-like. While PUCCH based frequency hopping can achieve maximal frequency diversity for one single UE, in general it may not be desirable in term of the fairness for other UEs. In the worst case scenario, the discovery packets transmitting in the center of the discovery resource pools would not be able to exploit the benefits of frequency diversity, which would lead to substantial link-level performance degradation. On the contrary, PUSCH based frequency hopping which can achieve appropriate tradeoff between performance and fairness should be supported for repeated transmission for D2D discovery. 
In current LTE specification, two types of hopping patterns are defined for PUSCH based frequency hopping: 1) Type 1 PUSCH hopping based on predefined hopping offset; 2) Type 2 PUSCH hopping according to subband hopping and mirroring mechanism. To simply the design for D2D discovery and avoid the use of subframe index for frequency hopping, it is preferable to apply Type 1 PUSCH frequency hopping for repeated transmission. 
Let the frequency resource on which a D2D UE initially transmits discovery packet be nf (0) (0 ≤ nf ≤ Nf-1). Then, the frequency resource for this UE on the kth (1≤ k ≤ L-1) repeated transmission can be given by the following equation, where L is the bundled TTIs for repeated transmission. 
nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf
Proposal 3
· Type 1 PUSCH hopping based on predefined hopping offset should be adopted for D2D discovery with repeated transmission. In particular, the frequency resource on the kth (1≤ k ≤ L-1) repeated transmission is given as
nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf
3.3 Chase combining and incremental redundancy

For repeated transmission for D2D discovery, either CC or IR can be employed. 7 illustrates the link level performance comparison between CC and IR for 2 and 3 PRBs, respectively. In the simulations, IR with redundancy version (RV) pattern [0, 1] and [0, 2] is assumed. From the figures, it can be seen that for 2 PRB discovery resource, IR outperforms CC by ~0.4dB. In addition, IR with different RV patterns can achieve similar performance. 
Hence, based on the simulation results, it is appropriate to support IR for D2D discovery. Moreover, the RV pattern can be predefined, e.g., [0 2] or configured by eNB. In order to properly manage the interference within resource pool, it is beneficial to define the maximum number of repetitions as 3 for Type 1 and 2B discovery. 
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Figure 7. D2D discovery performance with CC and IR
Observation 2
· For 2 PRBs discovery resource, incremental redundancy (IR) outperforms chase combining (CC) by ~0.4dB. 

· IR with different redundancy version (RV) patterns can achieve similar link level performance.

Proposal 4
· Incremental redundancy (IR) is supported for repeated transmission for D2D discovery. Further, RV pattern can be predefined or configured by eNB.

· The maximum number of repetitions can be defined as 3 for Type 1 and 2B discovery.   
4 Conclusions

In this contribution, we share our views on the on the D2D discovery resource size and repeated transmission and present link- and system-level simulation results for D2D discovery in LTE systems. Based on the discussion in the previous sections, we summarize our views through the following proposals and observations:
Observation 1

· For normal CP case, ~8dB and 10dB SNR are needed for discovery resource with 3 and 2 PRBs, respectively. 
· For extended CP case, additional 1.0dB and 1.1dB are required to achieve the same link level performance with 2 and 3 PRBs, respectively.
Observation 2

· For 2 PRBs discovery resource, incremental redundancy (IR) outperforms chase combining (CC) by ~0.4dB. 

· IR with different redundancy version (RV) patterns can achieve similar link level performance.

Proposal 1

· If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 contiguous PRBs in frequency and 1 sub-frame without frequency hopping across slots. 

Proposal 2

· Confirm the working assumption that repeated transmissions of discovery signal within a discovery period is supported.

· Contiguous repetition is supported for D2D discovery. 

Proposal 3

· Type 1 PUSCH hopping based on predefined hopping offset should be adopted for D2D discovery with repeated transmission. In particular, the frequency resource on the kth (1≤ k ≤ L-1) repeated transmission is given as
nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf
Proposal 4
· Incremental redundancy (IR) is supported for repeated transmission for D2D discovery. Further, RV pattern can be predefined or configured by eNB.

· The maximum number of repetitions can be defined as 3 for Type 1 and 2B discovery.   
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Appendix: link-level simulation assumptions
	Parameter
	Value

	Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	MIMO Configuration
	1x2 with low correlation

	Channel Model 
	UMi NLOS/LOS/O2I with dual mobility

	UE Moving Speed
	{3,3}km/h

	Coding
	Turbo coding

	Payload Size
	232 bits

	CRC
	24 bits

	Target BLER
	1%
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