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1
Introduction
In this contribution, we provide a text proposal for Title, Sections 2, 4, 5, 6 and A2.1, of the Technical Report 36.843 [1].
2
Text Proposal

-----------------------------------TEXT START -----------------------------------
3rd Generation Partnership Project;

Technical Specification Group RAN;

Study on LTE Device to Device Proximity Services– Radio Aspects;

-----------------------------------TEXT END -----------------------------------
-----------------------------------TEXT START -----------------------------------
2
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4
Synchronization

In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.

· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).

· In this option, the cell may or may not be the serving cell of the UE

· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).

· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 

· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 

· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.

· For D2D discovery signal outside NW coverage, Options 3, 4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a synchronisation reference does not exist. 

Note that a full definition of “within” and “outside” NW coverage is needed; revisit the relation between the above options and within/outside NW coverage after such a definition is clarified.
-----------------------------------TEXT END -----------------------------------
-----------------------------------TEXT START -----------------------------------

5 
Discovery

· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL sub-frames of the cell giving coverage (in the case of TDD except when out of coverage)
· Use of DL sub-frames in the case of TDD can be studied further

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier

5.1 
Types of discovery
At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study): 
· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis
· Note: Resources can be for all UEs or group of UEs
· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis
· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission
Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions.
-----------------------------------TEXT END -----------------------------------
-----------------------------------TEXT START -----------------------------------

6 Communication

Discovery is not a required step for groupcast and broadcast communication.
For groupcast and broadcast, it is not assumed that all receiving UEs in the group are in proximity of each other.
-----------------------------------TEXT END -----------------------------------
-----------------------------------TEXT START -----------------------------------

A.2.1 

System simulation assumptions
A.2.1.1 
Reference system deployments
Two classes of scenarios are defined: General Scenarios & Public Safety Scenarios.

The layout for the scenarios 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.
Following are the layout options that shall be used. 

Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

Option 2: Urban macro (500m ISD) + 1 Dual stripe per cell

Option 3: Urban macro (500m ISD) (all UEs outdoor) 

Option 4: Urban macro (500m ISD) + 3 RRH/Indoor Hotzone per cell

Option 5: Urban macro (1732m ISD) 

Option 6: Urban micro (100m ISD)
Options 1, 2, 3, 4 and 6 layout shall use parameters specified for 3GPP case 1 defined in Table A.2.1.1.1 of [3] unless specified otherwise. 

Options 5 layout shall use parameters specified for 3GPP case 3 defined in Table A.2.1.1.1 of [3] unless specified otherwise.

See A.2.1.1.5 in [3] for details on RRH/Indoor Hotzone.
See 4.2.1 in [4] for details on Dual Stripe model.

Table A.2.1.1: Details of Deployment Scenarios
	
	General Scenarios
	Public Safety Scenarios

	LTE Layout
	Option 1 shall be mandatory

Others layouts are optional in order of decreasing priority:

Option 2 / Option 3

Option 4

Option 6
	Option 5 shall be mandatory

Others layouts are optional in order of decreasing priority: 

Option 3

Option 1

	Carrier Frequency

(Note: The performance at 2GHz is expected to be different from the performance at 700MHz.)
	2GHz
	700 MHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD
	10MHz Uplink and  10MHz Downlink for FDD, 20MHz for TDD for  in-coverage and partial coverage scenarios,

10MHz dedicated spectrum for out-of-coverage scenarios

	Network operation
	100% eNodeBs enabled
	0%  eNodeBs enabled
100% eNodeBs enabled

3-site clustered eNodeB enabling pattern for 19 cells layout as shown in Figure A.2.1.1 for partial network coveragea



	UE out of coverage criterion
	N/A
	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 for channel models)
	3 km/hr
	60km/h for outdoor UEs in Option 5. 

3km/h for all other cases.


	UE RF parameters
	Max transmit power of  23 dBm for non public safety, 23 dBm, 31 dBm for public safety
1 Tx (2 Tx optional for public safety only), 2 Rx antenna, Antenna gain 0 dBi, Noise figure 9 dB

	eNodeB RF parameters
	As specified in 3GPP Case 1, except for Option 5 which uses parameters as specified in 3GPP Case 3 (Table A.2.1.1.1 of [3])

	Non D2D traffic
	With probability {X}, a D2D UE has non D2D (downlink & uplink) traffic.

WAN traffic source shall be FTP2.

	Total number of active UEsb  per cell areac

	Layout Option 1
Indoor-outdoor mix: 25

	Layout  Option 5

Indoor-outdoor mix: 10
Uniform (outdoor): 10
Hotspot: 10

	Total number of UEs (including active UEsb) for discovery  per cellc
	Layout Option 1

Indoor-outdoor mix: 150
	Layout  Option 5

Indoor-outdoor mix: 150
Uniform (outdoor): 150
Hotspot: 150

	Number of UEs participating in a D2D communication session
	Unicast : 2
Groupcast: N/A

Broadcast: N/A
	Unicast: 2

Groupcast: 10 (One transmitter UE and 9 (Ngr) receiver UEs)
Broadcast: One transmitter UE and variable number of receiver UEs based on the association procedure defined in Section A.2.1.1.3

	Average number of  communication sessions  per cellc
	Unicast: 12(Nu)
Groupcast: N/A

Broadcast: N/A
	Unicast : 12 (Nu)
Groupcast: 3 (Ng)
Broadcast: 3 (Nb)

	
	

	
	

	UE drop for all UEs, for both discovery and communication evaluations
	For layout options 1,2, 4:

· 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s).

· Remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 
· 20% UEs are outdoor, and 80% UEs are indoor.d
For layout option 3, 5, 6: 
· Uniform drop : all UEs are randomly and uniformly dropped throughout the macro geographical area
· Hotspot drop : 
· Randomly select an area within each macro geographical area.

· Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.
· Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell.
Additionally for layout option 5:

· Drop 2 RRH buildings (without RRHs) in each macro geographical area. (See A.2.1.1.5 in [3])

· All UEs randomly and uniformly dropped throughout the macro geographical area such that 20% UEs are outdoor, and 80% UEs are indoor. 


	UE association for unicast D2D communication
	

Refer to Section A.2.1.1.1

	UE association for groupcast D2D communication 
	N/A
	Refer to Section A.2.1.1.2




	UE association for broadcast D2D communication  
	N/A
	Refer to Section A.2.1.1.3




	UE association for Relay D2D communication 
	N/A
	First UE is randomly selected from all UEs without eNodeB coverage and 2nd UE is selected from the UEs within eNodeB coverage 



	Minimum distance between UE and eNodeB
	>=35m (except for Option 6 where it shall be 5m)

	Minimum distance between UEs
	>= 3m

	Wraparound
	Wraparound is used for all cases except partial network coverage, for which no wraparound is used.

	Minimum association RSRP for D2D communication (X) (baseline)
	-112dBm



a) To ensure sufficient number of out-of-coverage UE in partial NW coverage, use ITU UMa model (Table B.1.2.1-1 in [3]) for eNodeB-to-UE channel model in D2D evaluations.
b) Active UEs are UE with WAN traffic. 
c) Note that a cell refers to a sector of the geographical macro-cell (hexagon). 
d) In order to ensure that 80% of the UEs are indoor some of the UEs that are not dropped inside a building will be declared as indoor UEs. We will call them virtual indoor UEs.
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Figure A.2.1.2: 3-site clustered eNodeB enabling pattern for partial network coverage.
For simulation purpose the following assumptions shall be made
· Only one type of D2D communication (Groupcast, Broadcast and Unicast) per simulation
· [The unicast traffic will flow from the first selected UE to the second selected UE]
· Groupcast is unidirectional communication from a first UE to all other UEs in the group

· Broadcast is unidirectional communication from a first UE to all other UEs

A.2.1.1.1 Dropping and Association for Unicast

Following shall be procedure for dropping and association for unicast.

1. Create 19 or 7 macro sites (hexagon) with 3 cells each.

2. [150] UEs will be dropped per cell using the UE dropping procedure described in Table A.2.1.1 for different layout options.
3. Start association of unicast links, set NUM_LINKS_ASSOCIATED = 0.

4. First UE is randomly selected from all UEs within the entire 19 or 7 macro sites that are not part of a unicast link.

5. Second UE is randomly selected from the remaining UEs (i.e., are not part of a unicast link and are not the first UE) within the entire 19 or 7 macro sites.

6. If second UE is not within RSRP* of X dBm of the first UE then randomly reselect the second UE among the UEs that are within the RSRP of X dBm of the first UE and are not part of a unicast link already. 

7. If no second UE is found then discard the first UE and go to Step 4, else NUM_LINKS_ASSOCIATED = NUM_LINKS_ASSOCIATED + 1.

8. If the NUM_LINKS_ASSOCIATED < (Nu * (19 or 7)*3) then go to Step 4.

Note: If simulation is not leading to the required number of links then re-dropping can be performed.
*RSRP is calculated for transmit power of 23dBm by the transmitter UE and is the received power at the receiver UE calculated after accounting for large scale path loss and shadowing. Additionally note that wrap around is used for path loss calculations except for the case of partial network.
Values of X and Nu are specified in Table A.2.1.1.

A.2.1.1.2 Dropping and Association for Groupcast 

Following shall be the procedure for dropping and association for groupcast.

1. Create 19 or 7 macro sites (hexagon) with 3 cells each.

2. [150] UEs will be dropped per cell using the UE dropping procedure described in Table A.2.1.1 for different layout options.
3. Start association of groupcast links, set NUM_GROUPS_ASSOCIATED = 0.

4. Transmitter UE is randomly selected from all UEs within the entire 19 or 7 macro sites that are already not selected as transmitter or receiver UEs.

5. Start selecting the receiver for the transmitter, set NUM_RECEIVERS_ASSOCIATED = 0.

6. Receiver UE is randomly selected from the remaining UEs (i.e., not already part of a group) within the entire 19 or 7 macro sites.

7. If receiver UE is not within RSRP* of X dBm of the transmitter UE then randomly reselect the receiver UE among the UEs that are within the RSRP of X dBm of the transmitter UE and are not part of a group already.

8. If no receiver UE is found then discard the transmitter UE and go to Step 4, else NUM_RECEIVERS_ASSOCIATED = NUM_RECEIVERS_ASSOCIATED + 1.

9. If the NUM_RECEIVERS_ASSOCIATED < Ngr then go to Step 6 else NUM_GROUPS_ASSOCIATED = NUM_GROUPS_ASSOCIATED + 1

10. If NUM_GROUPS_ASSOCIATED < (Ng*(19 or 7)*3) then go to Step 4.

Note: If simulation is not leading to the required number of groups then re-dropping can be performed.

*RSRP is calculated for transmit power of 23dBm by the transmitter UE and is the received power at the receiver UE calculated after accounting for large scale path loss and shadowing. Additionally note that wrap around is used for path loss calculations except for the case of partial network.
Values of X, Ngr and Ng are specified in Table A.2.1.1.
A.2.1.1.2 Dropping and Association for Broadcast
Following shall be the procedure for dropping and association for broadcast.

1. Create 19 or 7 macro sites (hexagon) with 3 cells each.

2. 32 UEs will be dropped per cell using the UE dropping procedure described in Table A.2.1.1 for different layout options.
3. Start selecting the receiver for the transmitter, set NUM_TRANSMITTERS_SELECTED = 0.

4. Transmitter UE is randomly selected from all UEs within the entire 19 macro sites that are already not selected as transmitter UEs.

5. NUM_TRANSMITTERS_SELECTED = NUM_TRANSMITTERS_SELECTED + 1

6. If the NUM_TRANSMITTERS_SELECTED < (Nb*(19 or 7)*3)  then go to Step 4

7. Start associating receivers with the transmitters 

8. For each remaining UE (, i.e., UEs that are not transmitter) calculate the RSRP* from each of the selected transmitter. If the RSRP is greater than X dBm for a transmitter then associate the UE with the transmitter.
*RSRP is calculated for transmit power of 23dBm by the transmitter UE and is the received power at the receiver UE calculated after accounting for large scale path loss and shadowing. Additionally note that wrap around is used for path loss calculations except for the case of partial network.
Values of X and Nb are specified in Table A.2.1.1.
-----------------------------------TEXT END -----------------------------------
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A.2.1.2 

Channel models
Following channel models shall be used for D2D.
	
	Outdoor to Outdoor
	Outdoor to Indoor
	Indoor to Indoor

	Pathlossa
	PL_B1_tot(d) = max(PLfreespace(d), PL_B1(d))
where
 d is distance between UEs
PLfreespace is free space path loss (Eq. 4.24 in [6]),
PL_B1 is the Winner + B1b ([7] Table 4-1) channel model for hexagonal layout  with the following offsets

a. LOS offset = 0 dBc
b. NLOS offset = -5 dBc
While calculating Winner + B1 pathloss the following  values shall be used

h_BS = h_MS = 1.5m, h_BS’ = h_MS’ = 0.8m 
	Dual strip ([3] Table A.2.1.1.2-8) for Layout Option 2
Remaining Layout Options
a. LOS: PL_B1_tot (dout + din) + 20.0 + 0.5*d_in

b. NLOS: PL_B1_tot(dout + din) + 20.0 + 0.5*din – 0.8*h_MS
where

dout and din are defined  by Note 1 after Table 4-1 in [7] for true indoor UEs
din=1.5m and dout=d-din for virtual indoor UEs
h_MS = 1.5m
	Dual strip ([3] Table A.2.1.1.2-8) for Layout Option 2
InH ([3] Table A.2.1.1.5-1) for remaining layout optionsd


	LOS Probabilitye
	Winner II-B1 ([6] Table 4-7)
	ITU-R IMT UMi ([8] Table A1-3)
	ITU-R IMT UMi ([8] Table A1-3) for InH
N/A for Dual Strip

	Shadowing standard deviation
	7 dB log-normal
	7 dB log-normal
	UEs are in same building:
LOS: 3 dB log-normal

NLOS: 4 dB log-normal

UEs are in different building:
10 dB log-normal

	Shadowing correlation
	i.i.d.

	Fast Fadingf
	ITU-R IMT UMi ([8] Annex 1.3.2)
LOS and NLOS
	ITU-R IMT UMi O2I ([8] Annex 1.3.2)
	ITU-R IMT InH ([8] Annex 1.3.2)
LOS and NLOS


a) Pathloss should be defined for 700 MHz in addition to 2 GHz (by applying 20log(fc) correction for 700 MHz if not otherwise specified)
b) Winner+B1 is assumed to be valid up to a minimum distance of 3m
c) The offsets are assumed to be valid for all the frequencies of interest.
d) For calculating the indoor to indoor path loss between a virtual indoor UE and another virtual indoor UE or indoor UE use the InH model for UEs inside different buildings
e) LOS probability: some pathloss models do not specify a LOS/NLOS region – the LOS Probability would not be used for such models
f) Additional modifications needed to incorporate changes in Doppler modeling due to dual mobility are described in Section A.2.1.2.1. Further study can be undertaken on the dual-scattering described in [9].
Note: These models are being adopted for the purpose of relative comparisons of D2D techniques, without necessarily having measurement support.
A.2.1.2.1
Doppler modelling
Following are the working assumptions for Doppler modelling.
· [Symmetric angular spread distribution and dual mobility corrections]
· [Doppler is determined by path AOA/AOD]

· [Uniform AOA spread of 104 degrees]
· [Direction of travel (velocity vector) independent and random]
·  [Amend the ITU-R UMi/InH model to incorporate dual mobility]
· [VTX (UE1) and VRX  (UE2) parameters separately with phase change per sub-path]
· [Equation (21) in [8] shall be modified to]
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· [For equation (23) in [8], 
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-----------------------------------TEXT END -----------------------------------
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A.2.1.4
Performance evaluation metrics


A.2.1.4.1
Metrics for discovery

For evaluation of proposed discovery schemes the following metrics shall be considered.

· The metrics related to performance targets aspect of Open ProSe discovery are

·  Number of UEs discovered as a function of time. This shall be a system level metric.
· CDF of number of UEs discovered as a function of time. This shall be a system level metric.
· The metric related to performance targets aspect of  Restricted ProSe discovery is

· Probability of discovery as a function of time. Zero time penalty shall be assumed for each false alarm. This shall be a system level metric.

· The metrics related to range and reliability aspects of discovery are

· Probability of discovery vs. pathloss. This shall be both a link & system level metric.
· Probability of false alarm. This shall be both a link & system level metric.
· The metrics related to impact on WAN aspect of discovery are

· Amount of resource used for discovery per cell if in network coverage. This shall be a system level metric.
· FFS metrics related to throughput loss and/or interference.
· The metrics related to power consumption aspect of discovery is
· Power consumption should be calculated using the model described in Section A.2.1.6. 
Points to note:

· Time shall be measured from start of simulation without prior synchronisation.
· Unless explicitly stated same metrics shall be used for in-network, partial network and out of network coverage scenarios with possibly different emphasis.
· Same metrics shall be used for public safety and non-public safety cases with possibly different emphasis.
A.2.1.4.2
Metrics for communication

For evaluation of proposed communication schemes the following metrics shall be considered.

· The metrics related to D2D throughput aspects of communication are

· For full buffer traffic model; mean, 5%, and CDF of user throughput. This shall be a system level metric.

· For FTP2 traffic model; mean, 5%, and CDF of perceived user throughput. This shall be a system level metric.

· For VOIP traffic model; VOIP system capacity. The VOIP delay requirement shall be 200 ms for Unicast, Broadcast, Groupcast and 100ms per hop for Relays. This shall be a system level metric.

· The metrics related to range and reliability aspects of communication are

· Performance versus pathloss or distance. Performance shall be in terms of either user throughput, perceived user throughput, or probability of satisfied VOIP user depending on traffic model. This shall be both a link and system level metric. For link level performance use only full buffer.

· The metrics related to call setup latency aspect of communication is

· Physical layer latency for call setup for out of coverage only. This should only model L1 related aspects; higher layer aspects should be considered in RAN2. This shall be both a link and system metric.
· The metrics related to impact on WAN aspects of communication are

· Change in cell throughput/cell spectral efficiency for full buffer traffic model. This shall be a system level metric.

· CDFs of perceived per-user throughput for FTP2 with and without D2D. This shall be a system level metric.
· The metrics related to power aspect of communication is

· Power consumption should be calculated using the model described in Section A.2.1.6.
Points to note:

· Same metrics shall be used for in-network, partial network and out of network coverage scenarios.
· Same metrics shall be used for public safety and non-public safety cases with possibly different emphasis.
· Same metrics shall be used for unicast, groupcast and broadcast with each receiver counted separately.
-----------------------------------TEXT END -----------------------------------
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A.2.1.5
In-band emissions
model

Following two models will be used.
· [Option B: In-band emissions are modelled as specified in [5], Section 6.5.2.3.]
· [Option C’: Assume emission noise floor -36 dBc relative to PSD for the transmitted resource blocks.]
-----------------------------------TEXT END -----------------------------------

------------------------------------TEXT START -----------------------------------
A.2.1.6
Power consumption model

Following power consumption model shall be used. 

· Sleep power = 0.01 unit per sub-frame

· RX Power = 1 unit per sub-frame

· TX power 

· 20 unit per sub-frame for 31 dBm 

· 1 unit per sub-frame for 0 dBm and below

· Linearly scaled with transmit power between 1mW and 10^3.1mW
· Assume 8 sub-frames are accumulated for synchronization with WAN

· Synchronization is assumed to be reliable for 0.5s

· GPS power = 0.08 unit per sub-frame

· Average power consumption when GPS is used

· Always on independently of other communications
This model is valid for both in coverage, partial coverage and out of coverage scenarios. Same values are to be used for D2D discovery, D2D communication, WAN signaling for D2D and non-D2D-related WAN signaling.
While stating power consumption state the number of sub-frames assumed for each type of power usage.
Paging cycle of 1.28 seconds is assumed.
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