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1. Introduction

In Rel-12 the transmission of sidelink direct discovery is limited to the intra-PLMN case and can be performed only in one of the configured serving cells, i.e. the PCell. In 3GPP Release 13 a new Work Item has been approved for enhanced direct discovery support for ProSe as defined in [1]. This new WID includes objectives to support D2D discovery in SCells as well as inter-PLMN support of discovery. In this contribution the possible impact of these objectives on D2D co-existence with multiple carriers is discussed.
2. Co-existence Methodology
As part of Release 13, a new Work Item was approved for “Enhanced LTE Device-to-Device Proximity Services” in [1]. The work item covers enhancements to LTE device-to-device (D2D) communications and D2D discovery meeting requirements for public safety including scenarios for 
· in network coverage (intra-cell and inter-cell), 

· partial network coverage, and 

· outside network coverage scenarios 

For non-public safety D2D discovery, the work item will cover enhancements to LTE D2D for both intra-cell and inter-cell network coverage. Relevant to RAN4, this work item includes objectives to:
1) Define enhancements to D2D discovery to enable Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use.
2) Enhance D2D discovery support in the presence of multiple carriers and PLMNs including support for D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving PLMN.
3) Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms being defined.
2.1. Multi-carrier impacts
For D2D functionality in Release 12, the agreed co-existence assumptions and simulation co-existence results have been captured in TR36.877 [2]. However the analysed scenarios and use cases did not include any multi-carrier or multi-PLMN cases. As per the WID for D2D discovery in Release 13, it will be necessary to examine the co-existence impacts due to multiple carrier implementations of D2D. 

Observation #1

The D2D co-existence analysis for Release 12 did not include any multi-carrier scenarios.
Furthermore it has been agreed in [4], as noted in section 5.6 of [2] that
“For D2D out-of-coverage communications, the adjacent channel studies performed by 3GPP assumed up to 6 UEs operating D2D in a single cell coverage area, all operating at maximum output power, with VoIP traffic model and 75% traffic activity factor. In the case when higher numbers of UEs are present in the area, and/or UEs operate with higher activity factor, there may be larger interference impact on operators' cellular networks operating in an adjacent channel (which may impact cellular performance), which may require further improvement in UE Tx ACLR and/or reduction in UE Tx output power. However these impacts have not been studied by 3GPP.” 

The above noted issues apply to D2D communications and not to D2D discovery. As such it is proposed to employ the same traffic assumptions for D2D discovery in multiple carrier scenarios as was employed for D2D discovery in Release 12.
In Section 5.4 of TR36.877 [2] it is noted that D2D discovery in network coverage and D2D communications in network coverage, outside network coverage, and in partial network coverage are the focus for the Rel-12 work item. The methodology that was employed for simulating the impact of D2D aggressor networks is based on the methodology defined in TR36.942 [3] as per the WF defined in R4-141214. Note that the assumptions for simulation of D2D communication only apply to public safety scenarios in Release 12. The general scenarios described are relevant to D2D discovery in Release 12.
Observation #2
The D2D co-existence analysis in Release 12 was based on the methodology defined TR36.942.
In TR36.942 [3] guidance is also provided to conduct co-existence analysis for multi-carrier scenarios as defined in Section 10.1.2. The main aspects of the guidance from TR36.942 are provided below for reference:

. 
For multi-carrier E-UTRA BS of different channel bandwidths (≥5 MHz), the channel bandwidth of the outer most carrier in the operating band should be considered. That is, the corresponding requirements for the channel bandwidth of the outer most carrier should be applied at either side of the operating band as shown in Figure 10.3.
From a co-existence point of view, this guideline means that multi-carrier BS should not cause larger interference to adjacent systems than single carrier BS. From the specification’s complexity point of view, this concept seems reasonable.
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Figure 10.3: Unwanted emissions requirements for multi-carrier BS of different E-UTRA channel bandwidths
Consistent with the approach adopted in Release 12 it is recommended that the multi-carrier methodology defined in TR36.942 be adopted to analyse the co-existence requirements for multi-carrier D2D discovery in Release 13.

Proposal #1

The multi-carrier methodology defined in TR36.942 be adopted to analyse the co-existence requirements for multi-carrier D2D discovery in Release 13.

3. Co-existence Scenarios and Simulation Assumptions

As noted in Section 2 above the co-existence scenarios and simulations assumptions for Release 12 D2D analysis have been captured in section 5.5 of TR36.877. The details of the agreed D2D co-existence scenarios  are captured below for reference. 

The following coexistence scenarios are then identified.

Table 1: D2D coexistence scenarios

	D2D use case
	Deployment scenario

	In-network discovery
	(Mandatory) General scenario

(Optional) Public safety scenario

	Out-of-network broadcast communications
	(Mandatory) Public safety scenario




The details of the deployment scenarios are presented in the following subsections. 

3.1. Deployment scenarios

Table 2: Details on deployment scenarios

	Scenario
	Layout (in order of priority)
	Notes

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

(Optional) Option 3: Urban macro (500m ISD) (all UEs outdoor) 
	1

	Public safety scenario
	(Mandatory) Option 5: Urban macro (1732m ISD), uniform (outdoor) drop 

(Optional) Option 5: Urban macro (1732m ISD) , indoor/outdoor drop
	1


Notes:

1. Details on the deployment scenarios are specified in Table A.2.1.1-1 of TR 36.843.
3.2. Simulation assumptions

3.2.1. General

Table 3: Simulation assumptions: General

	Parameter
	Value

	WAN UL scheduler algorithm
	Round robin

	RBs allocated per active WAN UE
	16 PRBs 

	Number of active WAN UEs
	25 / cell

	Minimum coupling loss (for both D2D & WAN UEs from eNodeB)
	As per Section 4.5.1 in TR 36.942 

· For layout options 1, 3: 70 dB

· For layout option 5: 80 dB

	WAN UE transmit power control
	As per PC set 1 and PC set 2 of TR36.942

· Note that power control algorithm parameters (PodBm, CLxile) should be optimized for different network layouts being simulated. For simplicity, power control algorithm parameters are reused from TR 36.942 for all network layouts.
PC Set

Gamma

CLxile (dBm)

1

1

112

2

0.8

129



	UE-eNodeB pathloss models
	As per TR 36.843
(Note: As specified in TR 36.843, layout options 1 and 3 correspond to 3GPP Case 1, and layout option 5 corresponds to 3GPP Case 3. Pathloss models for 3GPP case 1 and 3 are specified in TR 36.814 and TR 25.814, and provided here for completeness.) 
· For layout options 1, 3: Use Table A.2.1.1.5-1, 3GPP Case 1
· For layout option 5: Use Table A.2.1.1.5-1, 3GPP Case 3 
· For fc of 700 MHz, a correction factor of 20log10(0.7/2) is applied

· Penetration loss: As per Table A.2.1.1-1 in TR 36.814. 

· Wall loss: For indoor users, when present, additional wall loss is specified in Table A.2.1.1.5-1

· eNodeB antenna pattern: As per Table A.2.1.1-2 in TR 36.814.
UE-eNodeB pathloss model

Shadowing standard deviation

PLoss

Wall loss

PLLOS(R)= 103.4+24.2log10(R)
PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Case 1:Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)
10 dB

20 dB

20 dB (when UE in indoor)

(Note these match the system calibration results in Figure A.2.2-1 in TR 36.814 for Case 1, 3D)

	UE RF parameters
	Noise figure: 9dB

Antenna pattern: Omni-directional with gain of 0dBi 
Number of antennas: 1 Tx, 2 Rx

	eNodeB RF parameters
	Noise figure: 5dB

Antenna pattern: From Section 4.2.1.1 of TR 36.942
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	Channel 
	AWGN

	SINR-to-rate mapping
	As per link level performance model in TR 36.942 (Table A.2)

	UE ACLR model
	For power class 3 UEs (23dBm max transmit power)

· For narrowband D2D aggressors (2RBs): FFS 
· For WAN aggressors (16RBs): As per TR 36.942 (two-step model): ACLR1/2 = 30/43 dB/BWaggressor

For power class 1 UEs (31dBm max transmit power)

· For narrowband D2D aggressors (2RBs): 7 dBs tighter than ACLR model for power class 3 UEs

· For WAN aggressors (16RBs): Two-step: ACLR1/2 = 37/50 dB/BWaggressor


3.2.2. D2D discovery

Table 4: Simulation assumptions: D2D discovery

	Parameter
	Value

	Discovery signal bandwidth
	2 PRBs

	Discovery resource allocation
	64 UL subframes every 10sec (can be updated based on RAN1/RAN2 agreements on resource allocation).
In discovery subframes, FDM between D2D and PUCCH is assumed.
 SHAPE  \* MERGEFORMAT 




	Number of PUCCH regions
	6 PRBs

	Discovery resource selection by UE
	Type 1 discovery procedure is assumed with baseline (random) resource selection method by the UE (can be updated based on RAN1 agreements)

	Number of D2D UEs participating in discovery per cell
	From Table A.2.1.1-1 of TR 36.843

· Option 1: 150 UEs / cell

	D2D UE transmit power control
	Baseline: No power control (can be updated based on RAN1 agreement)

	UE max transmit power
	For WAN UEs in victim network: 23 dBm

For D2D UEs in aggressor network: 23dBm


It is proposed that these assumptions be employed as an initial baseline for further co-existence analysis of D2D discovery in multi-carrier scenarios for Release 12.
Proposal #2
The D2D co-existence scenarios and simulation assumptions defined in TR36.877 for Release 12 be adopted as a baseline to analyse the co-existence requirements for multi-carrier D2D discovery in Release 13.

4. Conclusions
This contribution discusses the issues with regard to co-existence analysis for D2D discovery in Release 13 and makes the following conclusions:
Observation #1

The D2D co-existence analysis for Release 12 did not include any multi-carrier scenarios.
Observation #2

The D2D co-existence analysis in Release 12 was based on the methodology defined TR36.942.
Proposal #1

The multi-carrier methodology defined in TR36.942 be adopted to analyse the co-existence requirements for multi-carrier D2D discovery in Release 13.

Proposal #2

The D2D co-existence scenarios and simulation assumptions defined in TR36.877 for Release 12 be adopted as a baseline to analyse the co-existence requirements for multi-carrier D2D discovery in Release 13.
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