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1. Introduction

In RAN1#71 meeting, following working assumption and observation were made:

Working assumption:

· Define general and public safety specific scenarios

· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases

Observation:

· Encourage companies to the next meeting 

· to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs

· to try to provide a possibility to reuse existing 3GPP deployment scenarios

According to the above working assumption, we discuss our views on evaluation scenarios for D2D proximity service.

2 Discussion on D2D Evaluation Scenarios 

In this section, we discuss multiple general scenarios for commercial and public safety use cases and one out-of/partial network coverage scenario for public safety use case.
2.1 General scenarios for in-network coverage
We consider two scenarios for in-network coverage; the first one is high density UE scenario and the second one is sparse UE scenario, and the details will be described in the next subsections. To minimize workload, the number of scenario should be minimized and several corner cases should be taken into account in the limited number of scenarios, for example, an interference limited scenario and a noise limited scenario might be typical corner cases. In the first scenario, the device discovery performance evaluation such as discovery time, discoverable UE, and etc. are more prioritized. The second scenario corresponds to a rural or low density suburban scenario for commercial and public safety use case. In this scenario, discovery range will be more an issue. In following subsections, it will be discussed for the details of the scenarios.
2.1.1 Dense UE scenario in coverage
In this scenario, we suggest reusing most of parts for the heterogeneous network deployment scenarios in TR 36.814 [1] and small cell deployment scenarios in small cell enhancement SI [2]. Generally, as the larger number of UEs, there may be the larger number of small cells, and a large portion of UEs is dropped in a small cell cluster area. In [3], it was proposed that about 300 UEs are uniformly dropped per sector to model the average D2D distance in an incident area [4]. However, the uniform UE dropping leads to higher simulation complexity. Therefore, we suggest clustered UE dropping to minimize simulation complexity and reflect a realistic situation well.
· Layout: 19 cell, wrap around.
· ISD :500m (3GPP case 1 in TR36.814)
· Small cell deployment: Basically this could be aligned with outdoor pico cell or indoor dual-strip model in TR 36.814 or small cell deployment scenarios in small cell enhancement SI [2]. 
· Carrier frequency: different carrier frequency with Macro carrier is prioritized.
· # of small cells per clusters: {4,10}
· # of clusters/buildings: {1,2}
· UE dropping: Clustered drop aligned with small cell deployment scenarios [2]. 

· 2/3 UEs are dropped in clustered (or building) area, 1/3 UEs are uniformly dropped in each sector. 

· Note that large number of UE dropping with uniform distribution requires too much simulation complexity to satisfy incident area UE density [4].
· UE density (# of UEs per sector)
· Discovery UE drop: {50, 100, optional of 200} 
· Direct communication UE drop: {10, 20} pairs
· Group communication UE drop: max 5 group, {4, 10}UEs per group
· Channel model: 
· Distance-dependent pathloss model 
· Macro eNB-to-UE: reuse UMa in TR 36.814
· UE-to-UE: reuse or modify existing channel models, refer to our companion contribution [5]
· UE-to-UE link shadow fading: correlated shadow fading [5]
· Traffic model: Full buffer, FTP (commercial), VoIP (public safety)
· UE mobility: 3km/h
· Carrier frequency: 2GHz

· System bandwidth: 10MHz 

2.1.2 Sparse UE scenario in coverage
In this scenario, we consider a rural or low density suburban scenario. Discovery range can be an issue in this scenario.
· Layout: 19 cell, wrap around
· ISD :1732m (3GPP case 3 in TR 36.814)

· Small cell deployment: no small cell
· UE dropping: To evaluate sparse UE situation in rural or suburban area, uniform dropping is preferred.
· Discovery drop: Uniform drop
· UE density (# of UEs per sector)
· Discovery UE drop: {25, 50, optional of 100} 
· Direct communication UE drop: {10, 20} pairs

· Group communication UE drop: max 5 group, {4, 10}UEs per group
· Channel model: 
· Distance-dependent pathloss model 
· Macro eNB-to-UE: model 2 and case 3 (suburban) at table A.2.1.1.2-3 in TR 36.814
· UE-to-UE: reuse or modify existing channel models, refer to our companion contribution [5]

· UE-to-UE link shadow fading: correlated shadow fading [5] 
· Traffic model: Full buffer, FTP (commercial), VoIP (public safety)

· UE mobility: {3, 120}km
· Carrier frequency: 2GHz

· System bandwidth: 10MHz
Proposal: We propose 2 general scenarios: a dense UE scenario and a sparse UE scenario in coverage.
2.2 A public safety scenario for partial and out-of network coverage
Based on working assumption, we need to emulate both of partial and out-of network coverage scenarios in only one evaluation scenario. In partial network coverage scenario, we would like to verify the impact on in-coverage UEs from the out-of-coverage D2D communication. Out-of-coverage D2D communication is not directly controlled by eNB, and out-of-coverage D2D UEs may not know the subframe boundary of in-coverage UEs. Also in-coverage UE could help out-of-coverage UE in partial network coverage scenario. 
Therefore, we propose to modify the 3GPP case 3 in TR 36.814 with destroying some eNBs. The main issues are here how many eNBs should be destroyed to emulate sufficient number of out-of-coverage UEs and how many UE dropping is needed in an incident (out-of-coverage) area. 
· Layout: 19 cell, wrap around, destroying some eNBs (set zero transmission power).
· ISD: 1732 or larger distance (e.g. 1732*2)
· UE drop: To emulate partial and out-of coverage environment, we propose to set the power of several eNBs to be zero. 
· # of destroyed cells: FFS
· eNB destroying method: FFS
· UE dropping: clustered or uniform
· Method 1) X% UE dropping in destroyed cells, (100-X)% UE dropping in power-on cells.
· Method 2) Uniform (or clustered) UE dropping in whole cells
· Out-of-coverage criterion: -5dB geometry [7]
· Total # of UEs: {2850=57*50(50UEs per sector), 5700=57*100(100UEs per sector)} 
· UE density (# of UEs per sector)
· Direct communication UE drop: FFS
· Group communication UE drop: in incident area (out-of-coverage area) maximum 2 groups per sector, {30}UEs per group
· Channel model: 

· Distance-dependent pathloss model 
· Macro eNB-to-UE: model 2 and case 3 (suburban) at table A.2.1.1.2-3 in TR 36.814
· UE-to-UE: reuse or modify existing channel models, refer to our companion contribution [5]

· UE-to-UE link shadow fading: correlated shadow fading [5]
· Carrier frequency: 700MHz

· System bandwidth: 10MHz 
Proposal: To emulate the partial network coverage, we propose to modify the 3GPP case 3 in TR 36.814 with destroying some eNBs. The details of destroying method and UE dropping method are FFS.
2.3 Discussion on evaluation scenarios
2.3.1 Details on out-of-coverage scenario 
Out-of-coverage criterion: Before evaluating out-of-coverage scenario, we need to decide the out-of-coverage criterion. In the coverage enhancement SI [6], and the other contributions [7][8], the out-of-coverage criterion is that PDCCH BLER is below 1%. In [7], -5dB SINR is chosen, and we take it. 
The portion of out-of-coverage UEs: The ratio of out-of-coverage UE should be sufficient to effectively evaluate the scenario. It depends on the methods of destroying eNB and UE dropping. We tested following cases: 
Case 1) eNB destruction method: No eNB Destruction / UE dropping method: Uniform dropping in the whole region 
Case 2) eNB destruction method: 7 eNB Destruction in the 1st tier/ UE dropping method: 50% UE in the 1st tier cells
Case 3) eNB destruction method: 7 eNB Destruction in the 1st tier / UE dropping method: 70% UE in the 1st tier cells
Case 4) eNB destruction method: 7 eNB Destruction / UE dropping method: 50% UE - Center Cell, 30% UE in the 1st tier cells 
Simulation parameters

· Layout: 19cell wraparound
· Macro eNB-to-UE pathloss model: Macro-to-UE model 2 and case 3 (suburban) at Table A.2.1.1.2-3 in TR 36.814

· Total # of UEs : 5700
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Figure 1 CDF of UE geometry
Case 1 
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Figure 2 illustration of UE dropping methods
	UE dropping method
	UE density in center cell(# of UEs/km2)
	UE density in 1st tier cells(# of UEs/km2)
	UE density in 2nd tier cells (# of UEs/km2) 

	Case 1) Uniform distribution
	115.5
	115.5
	115.5

	Case 2) 50% UE - 1st tier
	214.5
	214.5
	57.7

	Case 3) 70% UE - 1st tier
	254.0
	254.0
	34.6

	Case 4) 50% UE - Center Cell, 30% UE - 1st tier
	1214.2
	117.2
	23.1


Table 1 UE density for the out-of-coverage test cases
The simulation results show that case 4 has 30% out-of-coverage UEs. In case 4, the centre cell region could be modelled for an incident area (e.g. tsunami or earthquake, etc.), and many agents are dispatched in the incident area to recover that region. In our observation, even though adjacent cells are destroyed, most of UEs will be connected to adjacent cells. To increase the number of out-of-coverage UEs, ISD is increased to 2600. Figure 3 shows that case 4 has 65% out-of-coverage UEs. Note that UE density is decreased by increasing ISD
 We consider more critical case where there is a big disaster and most of eNBs are destroyed. 

Case 5) All eNB destruction except for the centre eNB in 19-cell layout/ UE dropping method: Uniform dropping in the whole region

Figure 4 shows that there is about 70% UEs in out-of-coverage. This means that most of UEs in the second tier (=63%=12/19) is in out-of –coverage. The details of eNB destruction method and UE dropping method to emulate the partial network coverage scenario should be FFS.
Observation: Even though adjacent cells are destroyed, most of UEs will be connected to other cells. To increase the number of out-of-coverage UEs, increasing the number of destroyed eNBs, increasing the number of UEs in destroyed cells, and adjusting ISD could be considered.
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Figure 3 CDF of UE geometry for ISD of 2600
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Figure 4 CDF of UE geometry for case 5
2.3.2 Network synchronization
For TDD and FDD system, the eNB synchronization assumption may be different. If there are two different UEs associated with different cells and they try to discover each other, the network synchronization assumption could affect on the performance of intercell D2D discovery and D2D discovery algorithm design. Therefore, the network synchronization assumption should be clearly clarified. 
3 Performance metrics
· The number of discoverable UEs: This metric depends on multiple parameters such as for example user densities, discovery procedure, discovery signal overhead on system resources, UE transmit power for discovery and direct communication, propagation characteristics, discovery criteria, etc. 
· Discovery range: Discovery range can be derived from the link level simulation, assuming a given propagation loss, maximum transmit power and receiver sensitivity. 
· Discovery Time: Discovery metrics that determine D2D initiation are also important criterions for D2D operation. A D2D UE transmits (receives) discovery signal to (from) other D2D UEs. If it takes long time to connect link between D2D UEs, or if it fails to connect UEs, it would be a serious problem especially in case of public safety. In more detail, for example of other D2D system, Wi-Fi Direct suffers from huge discovery delay due to discovery signal collisions because as the number of UEs increases, discovery time exponentially increases. This phenomenon may be a critical issue in public safety use case. In that case, D2D discovery operation at least for public safety use may be always guaranteed to a certain number of UEs or include special treatment for guaranteeing emergency link setup. 
· D2D resource: In FDD and TDD, UL resource could be preferred for D2D in network coverage since there is less impact to legacy UEs in terms of interference. However, in out-of-network coverage, especially in TDD, UL subframe boundary cannot be known to out-of-coverage UEs. Therefore, D2D resource
· Power consumption metrics: Power consumption caused by D2D operation is one of important metrics of D2D evaluations. Also it is closely linked to the duplex modes shown in Figure 5. It is assumed in Figure 5 that D2D capable devices are operating in FDD mode and D2D communication is on uplink resources (spectrum). Alt. #A is called a half-duplex model in terms of RX module operation, which has only one RX circuit time-shared by D2D and eNB communication. Macro DL center frequency and D2D RX center frequency should be able to dynamically be changed between D2D and eNB reception depending on subframe type. Due to switching in time-division manner, this device cannot receive signals from an eNB and nearby D2D devices simultaneously. Alt. #B can be seen as a full-duplex model compared to Alt. #A, which can receive both eNB and D2D signals simultaneously by using two different RX circuits. These different implementations result in different designs for optimized D2D operation and leads to different levels of power consumption.
To evaluate power consumption metric, power consumption model of modem circuit is required. Instead of overall power consumption, the additional power consumption due to D2D operation should be focused. Considering Alt. #A, since it has a single reception module in the device, it’s hard to get to sleep mode even though the UE disables D2D operation. However, considering Alt. #B, since it has two RX modules in the device, it can turn off the D2D reception module when D2D link is inactive. However Alt. #B is required to implement additional hardware. Considering those facts, power consumption and hardware complexity should be taken into account as one of D2D evaluation metrics.
In [9][10], the models of LTE modem power consumption were provided. According to the literatures, we summarize several remarks as follows:
· Generally, TX power consumption is higher than Rx one. In [10], TX power consumption is 8.44 times higher than Rx power consumption. However, this result is based on communication between UE and eNB. For D2D communication, the ratio of TX/RX power will be reduced. 
· Power consumption is a linear function of TX power, Rx power, and data rate (or RB size).
· In [9][10], the power consumption ratio on DRX mode between RRC connected mode and idle mode is about 3, but the validity of this result should be further studied.
For D2D discovery, RRC-idle-mode UEs are also able to discover and be discovered, and the power consumption between discovery signal reception UE and discovery signal transmission UE will be different. 
Based on above discussions, we made following proposal,
Proposal: At least, power consumption ratio between RRC connected mode, RRC idle mode and DRX mode should be investigated for power consumption model. The details of power consumption model are FFS.
· Cellular degradation
· Signaling aspect: D2D UE still needs to communicate with eNB while D2D communication. That is, D2D UE needs to maintain both UE-UE link and eNB-UE link simultaneously. If so, D2D communication may have impact on eNB-UE communication, e.g. HARQ process. 
· Interference aspect: The impact of D2D communication to non-D2D UEs should be investigated.
· Other conventional metrics such as throughput, latency, maximum number of UEs, resource efficiency should be also considered as basic evaluation metrics.
Proposal: In addition to conventional metrics, D2D specific metrics such as discovery related metrics, additional power consumption due to the D2D operation, and cellular network impacts are considered as D2D evaluation metric.
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Figure 5 Structures of half-duplex and full-duplex modes
4 Conclusions

In this contribution we presented our views on evaluation scenarios for D2D proximity based service. In our proposals we tried to reuse as much as possible the scenarios defined in [1][2].  In summary we have the following list of proposals:
Proposal: We propose two general scenarios: a dense UE scenario and a sparse UE scenario in coverage.
Proposal: To emulate the partial network coverage, we propose to modify the 3GPP case 3 in TR 36.814 with destroying some eNBs. The details of destroying method and UE dropping method are FFS.

Proposal: At least, power consumption ratio between RRC connected mode, RRC idle mode and DRX mode should be investigated for power consumption model. The details of power consumption model are FFS.
Proposal: In addition to conventional metrics, D2D specific metrics such as discovery related metrics, additional power consumption due to the D2D operation, and cellular network impacts are considered as D2D evaluation metric.
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