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1 Introduction
In the FeD2D SID [1], one objective is to introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 [2] focusing on analysis of wearable use cases. The deployment scenario for wearable use case is expected to be different from that for Release 12/13 D2D communications, where the design is driven by public safety use cases. In this contribution, we focus on discussion on deployment scenario and channel model for wearable use cases. In order to reduce the workload, we propose to reuse evaluation assumptions defined in R12/13 D2D when possible.
2 Discussion on system deployments
A wearable device can be a smart watch, or a set of sensors embedded in clothing, or a sophisticated wearable device monitoring biometrics [3]. A wearable device almost always being in close proximity to a smart phone can connect to the 3GPP network by communicating through the smart phone [1]. One main difference between wearable use cases and public safety use cases is the requirement on power consumption. Wearables are sensitive to power consumption in commercial use, and the transmission power may be lower than that of devices for public safety use, hence the communication range of a wearable device may be much shorter than that of a device for public safety use. In addition, wearable communication often occurs between two paired devices, while the communication in public safety use often occurs among independent devices. Therefore, the deployment scenarios for wearable use case and public safety use case are different. A scenario for wearables needs to be defined. 
In 36.843, six layout options are defined for the general scenario and the public scenario. Among them, three options are for mix of outdoor and indoor UEs and three options are for all outdoor UEs. However, for wearable use cases where the communicating UEs are in close proximity, it is not quite possible that the remote UE is indoor and the relay UE is outdoor respectively or vice versa. Therefore we propose to use urban macro layout for the case when all UEs are outdoor and use indoor hotspots layout for the case when all UEs are indoor. The urban macro layout can reuse option 3 in A.2.1.1 in 36.843, which is basically 3GPP case 1 defined in Table A.2.1.1.1 of 3GPP TS 36.814 [4].  The indoor hotspots layout option can refer to indoor RRH/Hotzone defined in Section A.2.1.1.5 in 3GPP TS 36.814.
Proposal 1: The following scenario for wearables is defined. 
· Reuse option 3 in A.2.1.1 in 36.843 for urban macro layout and reuse indoor RRH/Hotzone for indoor hotspots layout 
2.1 UE drop
For wearable use cases, since communication often occurs between paired devices, in simulation, the drop of the remote UEs can be dependent on the location of the relay UEs. One possible way is that the relay UEs are randomly and uniformly dropped in a cell firstly. Then a number of remote UEs are randomly dropped around a relay UE forming a cluster. For example, the remote UEs are randomly and uniformly dropped throughout a circle area where the relay UE is located in the center. The number of the remote UEs around a relay UE can be randomly and uniformly selected within a range. The remote UEs dropped around a relay UE are associated to the relay UE for the UE-to-Network relay operation. 
Proposal 2: For UE dropping in simulation, the evolved relay UEs are randomly and uniformly dropped per cell and the evolved remote UEs are clustered dropped around the evolved relay UEs. 
2.2 Mobility
Wearable devices connecting to the 3GPP network through a relay such as a smart phone typically have two application scenarios. One is indoor scenario where both the smart phone and wearables are almost static. The other is outdoor scenario where wearables and the smart phone move together. There may be small variations on mobility between the wearable device and the smart phone due to body postures. However, the variations are basically small and changing slowly within several hundreds of milliseconds. Therefore the mobility of the remote UEs associated to a relay UE for relay operation can be considered the same as that of the relay UE.
Observation 1: The mobility of the remote UEs associated to a relay UE for relay operation can be considered the same as that of the relay UE.
3 Discussion on channel model
3.1 Path loss model
Three channel models are defined for D2D [2]: Outdoor to Outdoor, Outdoor to Indoor, and Indoor to Indoor. As discussed above, outdoor to indoor is not likely to happen for wearable communication, hence we mainly consider Outdoor to Outdoor case and Indoor to Indoor case. The urban macro layout and indoor hotspots layout use the outdoor to outdoor channel model indoor to indoor channel model respectively. The outdoor to outdoor path loss uses free space path loss in WINNER II [5] and UMi path loss in WINNER + [6]. The applicability range of the UMi path loss model is no less than 10m. The indoor to indoor path loss uses InH hotspots model defined in 36.814. The InH hotspots model is same as ITU InH [7] in which the applicability range is no less than 3m for LOS and no less than 10m for NLOS respectively. In D2D, the minimal distance between two UEs is limited to 3m. In summary, it can be observed the path loss model used in D2D is applicable for the range larger than 3m. While for FeD2D, there may not be such a limitation on distance between UEs. Thus the path loss model for range less than 3m should be considered. 
In IEEE 802.11ax, a set of channel models are used for several scenarios including indoor (e.g. residential, enterprise etc.) and outdoor [8]. There is no limit on the minimal distance between STAs. If the distance between two nodes is less than 1m, path loss is calculated as that for 1m distance. The model can be used for both 2 GHz and 5 GHz frequency bands. 
The path loss model for residential scenario in 802.11ax is as follows excluding wall and floor penetration components. 

PL(d) = 40.05 + 20*log10(fc/2.4) + 20*log10(min(d,5)) + (d>5) * 35*log10(d/5), 
(1)
where d = max(3D distance [m], 1), and fc = frequency [GHz]. 
The path loss model for Enterprise and Indoor Small BSSs scenario is as follows excluding wall penetration component.


PL(d) = 40.05 + 20*log10(fc/2.4) + 20*log10(min(d,10)) + (d>10) * 35*log10(d/10), 
(2)
where d = max(3D distance [m], 1), and fc = frequency [GHz]. 
Thus for the three indoor scenarios, the path loss model for distance less than 3m can be expressed as

PL(d) = 40.05 + 20*log10(fc/2.4) + 20*log10(d), 
(3)
where d = max(3D distance [m], 1), and fc = frequency [GHz]. It is actually the free space pass loss model given by

PL(d) = 32.4 + 20*log10(fc) + 20*log10(d), 
(4)
where d is distance in meters and fc is carrier frequency in GHz. Thus we propose to use the free space path loss when distance between UEs is less than 3m for indoor hotspots layout.
For outdoor scenario, the ITU UMi for hexagonal layout [7] is used for computing the path loss in 802.11ax. As wearable communication has many similarities with 802.11ax such as deployment scenarios, coverage range etc, the ITU UMi for hexagonal layout can also be used for wearables when distance between UEs is less than 3m in urban macro layout.
Proposal 3: When distance between UEs is no less than 3m, the outdoor to outdoor path loss model and indoor to indoor path loss model defined in 36.843 are reused.
When distance between UEs is less than 3m, the ITU UMi path loss model is used for outdoor to outdoor, and the free space path loss model is used for indoor to indoor. 
3.2 Fast fading model

In D2D, ITU UMi [7] fast fading is used for outdoor to outdoor, and ITU InH [7] fast fading is used for indoor to indoor. Since the indoor and outdoor propagation environments for wearable use cases are similar to that for Release 12/13 D2D, the fast fading model defined in D2D can be reused. 
Proposal 4: The outdoor to outdoor fast fading model and indoor to indoor fast fading model defined in 36.843 are reused for wearable scenario.
4 Conclusions
In this contribution, we discussed the scenarios, UE drop, mobility, and channel model for wearable use case. Based on the discussion, we have the following observations and proposals:
Proposal 1: The following scenario for wearables is defined. 

· Reuse option 3 in A.2.1.1 in 36.843 for urban macro layout and reuse indoor RRH/Hotzone for indoor hotspots layout 

Proposal 2: For UE dropping in simulation, the evolved relay UEs are randomly and uniformly dropped per cell and the evolved remote UEs are clustered dropped around the evolved relay UEs.

Observation 1: The mobility of the remote UEs associated to a relay UE for relay operation can be considered the same as that of the relay UE.

Proposal 3: When distance between UEs is no less than 3m, the outdoor to outdoor path loss model and indoor to indoor path loss model defined in 36.843 are reused.

When distance between UEs is less than 3m, the ITU UMi path loss model is used for outdoor to outdoor, and the free space path loss model is used for indoor to indoor. 

Proposal 4: The outdoor to outdoor fast fading model and indoor to indoor fast fading model defined in 36.843 are reused for wearable scenario.

---------------------------------------------------Start of Text Proposal----------------------------------------------
A.1
Evaluation assumptions

A.1.1 System simulation Scenarios

A.1.1.1 System simulation assumptions

A.1.1.1.1 Reference system deployments

Two layouts are selected for system level evaluation: 1) urban macro layout for the case when all UEs are outdoor; 2) indoor hotspot layout for the case when all UEs are indoor.

The urban macro layout for UE-Network relay scenario shall be a hexagonal grid. There shall be 3 sectors per macro site. There shall be either with 19 or 7 macro sites in the layout.
Urban macro layout shall use parameters specified for Option 3 (Urban macro (500m ISD) (all UEs outdoor)) defined in A.2.1.1 of 3GPP TR36.843 unless specified otherwise. 

Indoor hotspot layout shall use parameters specified for indoor RRH/Hotzone defined in A.2.1.1.5 of 3GPP TS 36.814 unless specified otherwise.

TableA.1.1.1.1-1 Details of Deployment scenarios
	Parameter
	Assumption

	LTE Layout
	Urban macro layout

Indoor hotspot layout

	Carrier Frequency
	2GHz

	System bandwidth
	Relay UE support full bandwidth:

· 10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD
Remote UE support narrow bandwidth:
· minimum: 1.4MHz (6PRB) bandwidth

	Network operation
	For macro urban layout:
100% eNodeBs enabled
3-site clustered eNodeB enabling pattern for 19 cells layout as shown in Figure A.2.1.1-1 in 3GPP TR 36.843 for partial-coverage

	UE out-of-coverage criterion
	Average SINR < -6 dB over system bandwidth.

	Network synchronization
	All cases shall be treated with equal priority: 

· all eNodeBs synchronized

· eNodeBs on different carriers not synchronized
· eNodeBs on a given carrier not synchronized

	UE mobility (only used for small scale Doppler modeling of channels)
	3 km/hr
Directions of travel (velocity vector) of Remote UEs are the same as the associated Relay UE. 

	UE RF parameters
	Max transmit power of  23 dBm

Relay UE: 1 Tx, 2 Rx antenna

Remote UE: 1Tx, 1 Rx antenna is baseline

Antenna gain 0 dBi

Noise figure 9 dB

	Total number of Relay UEs
	Urban macro layout: [150] per cell areaa
Indoor hotspot layout: [150]

	Number of Remote UEs associated to a Relay UE
	Randomly selected from the range [1,5]

	Number of relay D2D communication sessions
	Urban macro layout: [50] per cell areaa
Indoor hotspot layout: [50]

	UE drop for all UEs
	Randomly and uniformly drop relay UEs throughout the simulation area;

Randomly and uniformly drop remote UEs around a relay UE forming clusters


a)
Note that a cell refers to a sector of the geographical macro-cell (hexagon).

A.1.1.1.1.1 UE drop
The relay UEs are randomly and uniformly dropped throughout the simulation area firstly. Then for each relay UE, the number of remote UEs associated to a relay UE is randomly selected from the range [1, 5]. The remote UEs are randomly dropped within a circle area where the relay UE is located in the center. The radius of the circle area is [15] meters. 
A.1.1.1.2 Channel models

Following channel models shall be used for FeD2D.
	
	Outdoor to Outdoor
	  Indoor to Indoor

	Pathloss
	When d<3m:

· ITU UMi pathloss model 

When d>=3m:

· D2D pathloss model defined in A.2.1.2 of 3GPP TR 36.843
 
	When d<3m:
· PL(d) = 32.4 + 20*log10(fc) + 20*log10(d)
Where 

d is distance between UEs and d=max(distance [m],1)
fc is carrier frequency in GHz
When d>=3m:

· D2D pathloss model defined in A.2.1.2 of 3GPP TR 36.843


	LOS Probability
	Winner II-B1 ([Winner II channl model] Table 4-7)
	ITU-R IMT UMi ([ITU-R M.[IMT.EVAL]] Table A1-3) for InH

	Shadowing 

standard 

deviation
	7 dB log-normal
	UEs are in same building:

LOS: 3 dB log-normal

NLOS: 4 dB log-normal

	Shadowing correlation
	i.i.d

	Fast Fading
	ITU-R IMT UMi ([ITU-R M.[IMT.EVAL]] Annex 1.3.2)

LOS and NLOS
	ITU-R IMT InH ([ITU-R M.[IMT.EVAL]] Annex 1.3.2)

LOS and NLOS


NOTE:
These models reuse the channel models defined in 3GPP TR 36.843 as much as possible, except for necessary changes.

A.1.1.1.2.1 Doppler modeling

See Section A.2.1.2.1 in 3GPP TR 36.843 for details.

--------------------------------------------------End of Text Proposal------------------------------------------------
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