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1   Introduction

A SI on LTE coverage enhancements was agreed at RAN#53 [1]. This SI will not be on the RAN1 meeting agenda before RAN#54, and will be handled only by email until then. As per Mr. Chairman’s guidance, this document aims at capturing the views of the companies on the following topics:

· Define scope of study clearly and as narrowly as possible;

· Agree evaluation assumptions.

To this end, this document is divided into 3 sections, each section addressing a particular topic: 

· Section 2: the scope of the study;

· Section 3: the evaluation methodology;

· Section 4: the evaluation assumptions.
2   Scope of the study
The preferred scenarios are to be studied, and also the study targets of the scenarios.
Summary
· First priority is identifying the limiting channel(s)/direction between the various LTE data and control channels in UL and DL.

· The following services are considered: VoIP, medium data rate.
· The following other aspects can be studied with second priority:

· Identifying the MCL of the minimum UL data rate for LTE;

· Assessing the coverage of UMTS Rel-99 channels for comparison reference (especially for CS voice).
· Once the limiting channels are identified, study the possibility to enhance their coverage

· Ideal enhancement target is to bring the limiting channels to a similar coverage as other channels.
3   Evaluation methodology
The preferred methodology used to identify the potential coverage issues based on the preferred scenarios.
Summary
· MCL methodology is used.
· FFS is specific scenarios (requesting parameters such as band, ISD, pathloss, antenna gains, cable loss, etc.) need to be agreed 

· For link budget evaluation, specific scenarios can be taken into account in link budget calculation by simple recalculation using MCL as an input.
· FFS if system-level simulations can be considered in a later stage of the study.
· The study on imbalances identification can account for any feature available in Rel-8/9/10.
· Features currently investigated in Rel-11 should not be part of the study on identification of imbalances, but could be considered as part of the potential solutions.
The MCL (Maximum Coupling Loss) methodology is defined as follows.

The coupling loss is defined as the total long-term channel loss over the link between the UE antenna ports and the eNodeB antenna ports, and includes in practice antenna gains, path loss, shadowing, body loss, etc. The maximum coupling loss (MCL) is the limit value of the coupling loss at which the service can be delivered, and therefore defines the coverage of the service. The MCL is independent of the carrier frequency. It is defined in the UL and DL as: 

· UL MCL = UL Max Tx power - eNB Sensitivity

· DL MCL = DL Max Tx power - UE Sensitivity

The MCL is evaluated via link budget analysis (supported by link level simulations). The proposed MCL calculation template is given in following table:
	Physical channel name
	Value

	Transmitter
	

	(1) Tx power  (dBm)
	

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	

	(3) Receiver noise figure (dB)
	

	(4) Interference margin (dB)
	

	(5) Occupied channel bandwidth (Hz)
	

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log(4)  (dBm)
	

	(7) Required SINR (dB)
	

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	

	(9) MCL 

         = (1) ( (8) (dB)
	


The Rel-8/9/10 features should be considered for coverage issues identification. The impact of the features, such as HARQ, PUSCH hopping, TTI bundling, Beamforming, etc. is to be evaluated with link level simulations and included in the required SINR for the respective channel..

Solutions currently investigated in Rel-11 should not be part of the study on identification of imbalances or coverage issues, but could be considered as part of the potential solutions.
4   Evaluation assumptions

The evaluation assumptions are captured in the tables below. 
1. General parameters
	Parameters
	LTE/LTE-A
	UMTS 
(for voice service comparison only)

	Services and bit rates
	· Service 1: VoIP (DL 12.2 kbps, UL 12.2 kbps)

· Service 2: Web browsing (DL 1Mbps, UL 384kbps)
	· Service 1: CS voice (DL 12.2 kbps, UL 12.2 kbps)

	System bandwidth
	10 MHz
	5 MHz

	UE Tx power 
	23 dBm
	23 dBm

	DL Tx power
	46 dBm
	43 dBm

	Antenna configuration eNB
	· 2tx, 2rx (for service 1 and service 2)

· 8tx, 8rx (for service 2)
	· 1tx, 2rx



	Antenna configuration UE
	2rx, 1tx 
	2rx, 1tx 

	eNB receiver noise figure
	5 dB
	5 dB

	UE receiver noise figure
	9 dB
	9 dB

	Doppler spread
	7.2 Hz
	7.2 Hz

	Radio channel
	[SCME, ePA], 3km/h
	[SCM, PA], 3km/h

	Thermal noise PSD
	-174 dBm/Hz
	-174 dBm/Hz


Note that for voice service comparison same band for LTE/LTE-A and UMTS is assumed.

For the value of interference margin, 0dB is mandatory. Additional value is left to the companies to decide and should be indicated when presenting the results. 

2. Channel-specific parameters
Results for equal power distribution on REs are mandatory. 

Unequal power distribution between channels or between RS and channels can be applied; the power configuration is left to the companies to decide and should be indicated when presenting the results

The following acronyms are used in this section:

· Pmiss: Probability of missed detection;

· Pfa: Probability of false alarm;

· TBI: “To Be Indicated”, which means the related parameter is not specified but each company has to indicate its value when presenting the results;

· TBS: Transport Block Size;

· rBLER: residual BLER after retransmission;

· iBLER: initial BLER.
LTE UL channels:

	          Channel

Assumptions
	RACH Format 2
	PUCCH format 1
	PUCCH format 1a
	PUCCH format 2
	Message 3 TBS 56
	Message 3 TBS 144

	QoS target 
	1% Pmiss (baseline)

10% Pmiss

(optional)

0.1% Pfa 
	1% Pmiss

1% Pfa
	1% Pmiss
1% Pfa 
	1% BLER
	10% rBLER 
	10% rBLER

	Max Number of HARQ retransmissions
	N/A
	N/A
	N/A
	N/A
	TBI
	TBI

	PUSCH hopping
	N/A
	N/A
	N/A
	N/A
	ON
	ON

	TTI bundling
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	RLC segmentation
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Number of UL RBs
	N/A
	1
	1
	1
	TBI
	TBI

	MCS number
	 N/A
	N/A
	N/A
	N/A
	TBI
	TBI


LTE UL channels (continued):

	          Channel

Assumptions
	VoIP AMR 12.2 kbps
	Medium data rate PUSCH

384 kbps
	Minimum data rate PUSCH (2nd priority, bit rate is FFS)

	QoS target 
	2% rBLER
	10% iBLER
	10% iBLER

	Max Number of HARQ retransmissions
	TBI
	TBI
	TBI

	PUSCH hopping
	ON
	TBI
	TBI

	TTI bundling
	ON
	TBI
	TBI

	RLC segmentation
	ON or OFF
	TBI
	TBI

	Number of UL RBs
	TBI
	TBI
	TBI

	MCS number
	TBI
	TBI
	TBI


LTE DL channels:

	Channel

Assumptions
	PDCCH

Format 1A

Format 2C
	PBCH
	PHICH
	PCFICH
	P-SCH
	S-SCH
	VoIP 12kbps
	Medium data rate PDSCH

1 Mbps

	QoS target
	1% BLER
	1% BLER
	0.1% BLER
	1% BLER
	10% Pmiss
	10% Pmiss
	10% iBLER
	10% iBLER

	Max Number of HARQ retransmissions
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	TBI
	TBI

	Number of DL RBs
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	TBI
	TBI

	MCS number
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	TBI
	TBI

	Other assumptions
	Aggregation level: 4 CCEs and 8 CCEs
	
	
	
	
	
	
	


UMTS Rel-99 UL channels (2nd priority):
	Channel

Assumptions
	RACH
	Voice AMR 12.2kbps

	QoS target
	1% Pmiss (baseline)

10% Pmiss

(optional)

0.1% Pfa
	1% BLER
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