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1
Introduction
Direct communication is one of the use cases under study as part of the LTE D2D ProSe study item [1]:

	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements
	Public safety only


Group communication and broadcast operation were as identified in [2] as potential ProSe applications to be supported for meeting public safety (PS) requirements. 

Detailed discussion on design issues and for D2D communication including resource allocation and synchronization can be found in [3]. In this contribution, we present initial evaluation results and resulting observations for D2D group communication in the outside network coverage scenario. 

2
Design considerations for D2D group communication
2.1 
Broadcast and group communication overview
SA1 requirements for ProSe services are provided in TR-22.803 [2]. Two of the requirements which relate directly to D2D group communication are: 
“A ProSe-enabled public safety UE in or out of E-UTRAN coverage shall be capable of transmitting data to a group of ProSe-enabled public safety UEs directly using ProSe Group Communications.”

“An authorised public safety UE in or out of E-UTRAN coverage shall be capable of sending a broadcast message to all authorised public safety UEs within transmission range, regardless of group membership, using ProSe Broadcast Communications in a single transmission.”

Depending on the actual physical layer design for D2D communication different characterizations of distinctions between broadcast and group communication (group cast) may be possible. For example whether discovery precedes communication may be an important aspect for group communication operation if the intended receiving devices need to be first identified and group membership determined. However, in the case of broadcast operation, discovery may not be feasible or necessary and messages are sent without need to guarantee reception by all UEs within range. The potential for different performance targets as well as additional design complexity should be taken into account when differentiation of groupcast and broadcast operation is considered.
Proposal
· Performance targets and additional design complexity should be considered during initial evaluation of potential differentiating characteristics between D2D groupcast and broadcast operation.

2.2 
Simulation assumptions
In this section we highlight the key simulation assumptions according to agreements in previous meetings and email discussions. Since the scope of these evaluations is the outside of network coverage scenario, layout option #5 is the basis of the evaluations [4]. The main characteristic of layout option #5 is the ISD of 1732m.
Two deployment scenarios considered for the evaluations are uniform and random hotspot dropping of the UEs:
· Uniform drop : all UEs are randomly and uniformly dropped throughout the macro geographical area

· Hotspot drop : 

-        Randomly drop two RRH buildings (120m x 80m) per each cell area 

-       Randomly and uniformly drop 2/3 UEs within two RRH buildings.

-       Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell.

-       Randomly choose some of macro UEs and make them to be virtual indoor UEs, remaining UEs to be outdoor UEs

Additionally, for the public safety scenarios a higher UE power class of 31 dBm is considered. The summary of the simulation assumptions are given by Tables 1 and 2 below. 
Table 1: Uniform drop, system-level simulation assumptions.
	Parameters
	Assumptions

	Scenario
	Option 5 (ISD = 1732m)

	Carrier Frequency
	700 MHz

	Number of macro sites
	19

	System bandwidth per carrier
	10 MHz

	UE Tx Power
	31 dBm

	Indoor/Outdoor UE ratio
	100% outdoor


Table 2: Hotspot drop, system-level simulation assumptions.
	Parameters
	Assumptions

	Scenario
	Option 5 (ISD = 1732m)

	Carrier Frequency
	700 MHz

	Number of macro sites
	19

	System bandwidth per carrier
	10 MHz

	UE Tx Power
	31 dBm

	Number of RRH buildings per macro cell geographical area
	2

	RRH building dimensions
	120m x 80m

	Indoor/Outdoor UE ratio
	80% indoor


In addition to LOS/NLOS situations, in the case of hotspot drops, UEs may be located indoors and a mix of propagation scenarios are possible including outdoor-outdoor, indoor-outdoor, indoor-indoor within the same building, and indoor-indoor in different buildings. Table 3 below summarizes the corresponding propagation-related assumptions.

Table 3: Propagation modeling simulation assumptions.
	Path loss model
	Agreed assumption

	
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where
•       Winner+ B1 pathloss (PL_B1) with:
・       hBS = hMS = 1.5m

・       hBS’ = hMS’ = 0.8m

・       LOS offset = 0 dB

・       NLOS offset = -5 dB

	
	O2I
	LOS: PL_B1_tot(dout+din)+20.0+0.5din
NLOS: PL_B1_tot(dout+din)+20.0+0.5din-0.8hMS,
where din for virtual indoor UE is 1.5m

	
	I2I (same building)
	LOS: PL = 16.9log10(d) + 32.8 + 20log10(fc)
NLOS: PL = 43.3log10(d) + 11.5 + 20log10(fc)

	
	I2I (different buildings)
	PL = 43.3log10(d) +11.5 + 20log10(fc) + 40

	
	LOS Probability
	PLOS=min(18/d,1)(1-exp(-d/36))+exp(-d/36), except I2I-different buildings

	Shadowing
	I2I(same building)
	LOS: 3 dB log-normal
NLOS: 4dB log-normal

	
	O2O, O2I
	7 dB log-normal

	
	I2I (different buildings)
	10 dB log-normal


Once the dropping is performed and pathloss values are computed between all the links, group association can be performed according to the agreed assumptions in [5]. In the case of groupcast operation, UEs are randomly selected from across the macro cell geographical areas to join groups, but also must meet a minimum RSRP threshold of -112 dBm.
2.3 
Distance and Pathloss Distributions
This section provides initial evaluation results for out-of-network groupcast operation, focusing on the fundamental characteristics of the scenarios of interest and any implications on design aspects of group communication.
Figure 1 below provides the CDF of the distances between the receiving UEs in a group and the corresponding transmitting UE after group association for both the uniform and hotspot UE deployments.
[image: image1.png]Distance CDF (Post-Group Association)

Hotspot Drop, ISD= |

/ / 1732m, fc = 700MHz
Uniform Drop, ISD =

/ / 1732m, fc=700MHz |||

T
500 1000 1500 2000 2500 3000 3500 4000

Distance (m)





Figure 1. Post-group association Tx-Rx distance CDFs for uniform and hotspot UE drops.
It is observed that the upper bound on link distance to support a minimum RSRP of -112 dBm is approximately 3000m in both cases. For the hotspot drop, due to the two-thirds of the UEs which are placed within RRH buildings, the median Tx-Rx link within a given group is 500m less than the median distance in the case of a uniform UE deployment. However, a non-negligible 15-20% of Tx-Rx links are larger than the ISD of the layout in both the hotspot and uniform drops. This result is intuitively a function of the group association procedure which is non-localized as well as the large transmit power of the public safety UEs. An implication is that numerous groups of UEs will within reach of any given transmitting UE which may impact different resource allocation approaches.
Observations:
· The median Tx-Rx distance within a given group of UEs is 50% reduced in the case of a hotspot deployment compared to a uniform deployment.
· In the case of higher transmit power public safety UEs, a large geographical area will be potentially within reach of a transmitting groupcast UE.

Figure 2 provides the CDFs of the pathloss between transmitting and receiving UEs within a given group after association for both uniform and hotspot deployments.
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Figure 2. Post-group association pathloss CDFs for uniform and hotspot UE drops.

Interestingly, it is observed that there is not a very significant difference between the pathloss curves of the two deployment options. Some intuition for this result is that in the case of hotspot dropping, additional penetration losses may compensate for any potential pathloss gain due to the shift in the distance distribution observed in Figure 1. However an additional dominant effect is the group association criteria which selects Rx UEs from across the entire geographical areas randomly, implying that there is no correlation for two UEs dropped in the same cluster to be associated with the same group and the overall group selection distribution is very similar to one observed for the uniform drops. 
Some further evidence of this effect is observed in Table 4, which lists the different propagation scenarios and the percentage of links (post-group association) in each category. 

Table 4: Percentage of links of each propagation scenario (post-group association).
	Propagation Scenario
	Percentage of links

	Outdoor-Outdoor
	9%

	Indoor-Outdoor
	73%

	Indoor-Indoor Same Building
	4%

	Indoor-Indoor Different Building
	14%


A large majority of the links are outdoor-indoor, which is intuitive since the probability of selecting an indoor UE at random is around 80%, but indoor-indoor links within a same building have a much lower probability and indoor-indoor links within different buildings are likely to not meet the RSRP requirement due to the distance between buildings and the larger shadowing and penetration loss factors. As a result outdoor UEs are most likely to be paired with the indoor UEs which results in a similar trend as the all-outdoor uniform drop scenario.

Observations:
· Random UE selection across multiple macro cell geographical areas for group association and increased pathloss for indoor UEs contribute to an observed negligible difference between pathloss distributions for uniform and hotspot deployments.
2.4 
Long-term SINR evaluation results
This section provides a set of results considering the signal-to-interference-to-noise (SINR) distributions for the associated UEs under some basic idealizations in order to give some intuition into performance of groupcast operation in the out-of-network coverage scenario.

Four different metrics are considered, all of which are long-term statistics, meaning that short-term fading or dynamic traffic fluctuations are averaged and are not taken into account. The first metric is the interference-free SNR which can be simply calculated from the noise floor and RSRP of a given Tx-Rx link within a group. The second metric takes into account both noise power and the interference experienced at a receiving UE assuming that all other transmitting UEs are doing so with full power and at the same time as the desired transmission.

Since different resource coordination techniques may be envisioned [3], it is beneficial to consider the upper and lower bounds provided by the first two metrics of SNR and SINR. As observed in Figure 3 for the uniform dropping and Figure 4 for hotspot dropping, there is a very significant gap between the interference-free and worst case interference cases. The SNR has a lower bound of -17 dB corresponding to the minimum RSRP threshold of -112 dBm and noise floor in a 10MHz bandwidth of -95 dBm. However the median values of the SINR are -18 and -13 dB in the case of uniform and hotspot dropping respectively.

If some basic resource coordination (either centralized or distributed) was considered, it is expected to significantly improve the performance compared to a worst-case baseline. In this contribution an idealized sub-optimal approach based on frequency reuse, similar to what is utilized in cellular communications is implemented. Two reuse factors γ are considered, γ = 3 and γ = 6. Transmitting UEs select from the one of the γ frequency (or equivalently time) resource partitions at random, so the interference reduction is not guaranteed to be optimal as would be the case if a global allocation approach was utilized.
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Figure 3. Long-term SINR metrics for uniformly dropped groupcast UEs after association.
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Figure 4. Long-term SINR metrics for groupcast UEs after association in a hotspot deployment.

From Figures 3 and 4 it is observed that both γ = 3 and γ = 6 reuse factors provide improvement over the baseline, especially in the case of the uniform deployment. Inter-group interference in the case of the hotspot deployment is not observed to be as significant as the uniform deployment due to the aforementioned channel model impacts and association criteria. Also, there is a diminishing return in gains provided by the resource reuse in the case of γ = 6 over γ = 3. This is an important observation since there is a trade-off between interference reduction and efficient resource utilization when this form of resource orthogonalization is applied which a resource coordination/allocation design will need to balance.

Observations:
· The upper-bound impact of inter-group interference is significant in both uniform and hotspot deployments

2.5 
Capacity and robustness evaluations
Based on the long-term SINR distributions from the previous section, the capacity and robustness of group communication can be obtained for the scenarios of interest. 
In the case of group communication, a basic approach may be considered in which the transmitting UEs provide the broadcast message with a fixed modulation and coding level. The following transmission parameters are used in the evaluations in this section:
Table 5: Groupcast transmission parameters.
	Parameter
	Value

	MCS
	QPSK ½

	Transport block size
	3624 bits

	Bandwidth
	50 RBs


In addition, repeated transmission of the groupcast packets is one mechanism which may be considered to provide additional robustness, especially given that a large percentage of UEs may experience low SINR even after frequency reuse is applied. Robustness of the transmissions is considered in Figure 5 with the metric of the packet error ratio for the uniform drop in layout option #5 with no frequency reuse, γ = 3, and γ = 6 applied. Three levels of repetition: 0, 4, and 8, for each packet are also considered. Sum throughput is considered in Figure 6 with the metric of the packet error ratio for the same reuse and repetition factors.
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Figure 5. Packet error ratio in layout #5 (uniform drop) for different frequency reuse and repetition factors.
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Figure 6. Area sum throughput in layout #5 (uniform drop) for different frequency reuse and repetition factors.
The results of Figure 5 indicate that repetition is an effective mechanism for providing robust transmission for the groupcast operation in the outside of network coverage scenario. Frequency reuse is also beneficial for the robustness of the transmissions with γ = 3 and γ = 6 providing roughly 20% and 30% improvement in the packet error ratio respectively. However in Figure 6 it is observed that there is a tradeoff between improved robustness and overall capacity, due to the reduction available RBs. Combined with a larger number of repetitions, no reuse achieves significantly higher sum throughput than with γ = 3 or γ = 6.  
Observations:
· Packet repetition is observed to be an effective mechanism for providing robust transmission for groupcast operation in the outside of network coverage scenario. 
· A tradeoff between sum capacity and robustness is observed in the case of randomly allocated frequency reuse. 

Proposals:
· Trade-offs between orthogonal resource allocation for interference mitigation and overall resource utilization should be considered as part of D2D groupcast and broadcast design.
· Mechanisms for efficient resource coordination to improve capacity and robustness in groupcast and broadcast operation should be further studied.
3   Conclusion

This contribution presented initial evaluation results for D2D group communication in the outside-of-network coverage scenarios. The following proposals and observations were made: 
Observations:
· The median Tx-Rx distance within a given group of UEs is 50% reduced in the case of a hotspot deployment compared to a uniform deployment.

· In the case of higher transmit power public safety UEs, a large geographical area will be potentially within reach of a transmitting groupcast UE.

· Random UE selection across multiple macro cell geographical areas for group association and increased pathloss for indoor UEs contribute to an observed negligible difference between pathloss distributions for uniform and hotspot deployments.

· The upper-bound impact of inter-group interference is significant in both uniform and hotspot deployments.
· Packet repetition is observed to be an effective mechanism for providing robust transmission for groupcast operation in the outside of network coverage scenario. 
· A tradeoff between sum capacity and robustness is observed in the case of randomly allocated frequency reuse.
Proposals:
· Performance targets and additional design complexity should be considered during initial evaluation of potential differentiating characteristics between D2D groupcast and broadcast operation.

· Trade-offs between orthogonal resource allocation for interference mitigation and overall resource utilization should be considered as part of D2D groupcast and broadcast design.
· Mechanisms for efficient resource coordination to improve capacity and robustness in groupcast and broadcast operation should be further studied.
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