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1   Introduction

A SI on LTE coverage enhancements was agreed at RAN#53 [1].
As per Mr. Chairman’s guidance, an email discussion on coverage enhancements was kicked off after RAN1#67, which aims to identify the potential issues due to coverage bottlenecks, by taking coverage imbalances into account, for example between control and data channels, uplink and downlink, or initial access and data transmission. The issue identification work is based on the scope, methodology and assumptions agreed in [2].

This document aims at capturing the evaluation results from the companies, and gives a summary on the coverage issues identification.
2   Evaluation Results
Attached spreadsheet captures the evaluation results from ZTE, Intel, China Telecom, Ericsson, China Unicom, Nokia, Nokia Siemens Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Qualcomm, Huawei and CMCC.
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3   Summary
Summary on coverage issues identification:
1. LTE with 2Tx&2Rx at base station and 1Tx&2Rx at UE

· UL is the limiting factor in terms of coverage
· PUSCH (medium data rate) is poorer than other channels, with significant gap observed.
· With strict performance targets (e.g. 1% Pmiss, 1% rBLER or 10% iBLER), PRACH and/or Msg 3 are the potential limiting factor.
· It’s realized that relaxed performance targets at cell edge would be beneficial to enhance random access channels’ coverage.
· PUSCH (VoIP) is the potential limiting factor, especially with relaxed performance targets for PRACH/Msg3. 

· PUCCH channels are well balanced in general.

· Imbalance between PUCCH formats may exist, with PUCCH format 1a repetition.

· The coverage of DL is better than UL in general
2. LTE with 8Tx&8Rx at base station and 1Tx&2Rx at UE
· PUSCH (medium data rate) is poorer than other channels.
· PUSCH (VoIP) and PDCCH (/PCFICH/PHICH) are the potential limiting factors.
Proposals for further investigations:

· Further investigate coverage enhancements for medium data rate and VoIP in UL with first priority, and for Msg3 with second priority.
· Further investigate coverage enhancements for DL control channel(s). And this part is proposed to be processed in “Enhanced downlink control channel(s) for LTE” WI.

· Further enhancements for other channels are FFS.
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General Paramters

		Evaluation Methodology

				Physical channel name

				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(5)  (dBm)

				(7) Required SINR (dB)

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

				(9) MCL= (1) - (8) (dB)

		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 1: CS voice (DL 12.2 kbps, UL 12.2 kbps)

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

				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)		·           1tx, 2rx

						·           8tx, 8rx (for service 2)

				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]		[SCM, PA]

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





Evaluation Results

								source 1		source 2		source 3		source 4		source 5		source 6		source 7		source 8		source 9		source 10

								ZTE		Intel		China Telecom		Ericsson		China Unicom		NNSN		ALU/ASB		QOCMM		Huawei		CMCC

				Radio Channel						EPA		EPA		EPA		EPA		EPA		EPA		EPA		EPA		EPA

		LTE UL		RACH Format 2		Performance target		1%Pmiss 0.1%Pfa		1%Pmiss 0.1%Pfa		1%Pmiss 0.1%Pfa		1%Pmiss 0.1%Pfa		1%Pmiss 0.1%Pfa		1%Pmiss, 0.1%Pfa
(10%Pmiss 0.1%Pfa)		1%Pmiss, 0.1%Pfa
(10%Pmiss 0.1%Pfa)				1%Pmiss 0.1%Pfa		1%Pmiss 0.1%Pfa

						(4) Interference margin(0 dB is mandatory)		0		0.00		0		0		0		0		0				0		0

						(5) Occupied channel bandwidth(dB)		1048750		1048750.00		1080000		1048750		1048750		1048750		1080000				1080000		1080000

						(6) Effective noise power(dBm)		-108.7932802616		-108.79		-108.67		-108.7932802616		-108.79		-108.8		-108.6657624451				-108.6657624451		-108.6657624451

						(7) Required SINR(dB)		-10.45		-10.00		-8.6		-12.2		-8.50		-9.8
(-15.3)		-10
(-14)				-10.6		-15

						(8) Received sensitivity(dBm)		-119.2432802616		-118.79		-117.27		-120.9932802616		-117.29		-118.6
(-124.1)		-118.66576
(-122.66576)				-119.2657624451		-123.6657624451

						MCL(dB) (RACH Format 2)		142.2432802616		141.79		140.27		143.9932802616		140.29		141.6 
(147.1)		141.66576
(145.66576)				142.2657624451		146.6657624451

				PUCCH format 1		Performance target		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa
(1%Pmiss 0.1%Pfa)		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa

						(4) Interference margin(0 dB is mandatory)		0		0.00		0		0		0		0		0		0		0

						(5) Occupied channel bandwidth(dB)		180000		180000		180000		180000		180000		180000		180000		180000		180000

						(6) Effective noise power(dBm)		-116.447274949		-116.45		-116.45		-116.447274949		-116.45		-116.4		-116.45		-116.45		-116.447274949

						(7) Required SINR(dB)		-6.8		-8.50		-5.5		-6.6		-6.40		-8.1
(-6.9)		-5.80		-8		-7.8

						(8) Received sensitivity(dBm)		-123.247274949		-124.95		-121.95		-123.047274949		-122.85		-124.5
(-123.3)		-122.25		-124.45		-124.247274949

						MCL(dB) (PUCCH format 1)		146.247274949		147.95		144.95		146.047274949		145.85		147.5
(146.3)		145.25		147.5		147.247274949

				PUCCH format 1a		Performance target		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa		1% Pmiss, 1%Pfa

						(4) Interference margin(0 dB is mandatory)		0		0.00		0		0		0		0		0		0		0		0

						(5) Occupied channel bandwidth(dB)		180000		180000		180000		180000		180000		180000		180000		180000		180000		180000

						(6) Effective noise power(dBm)		-116.447274949		-116.45		-116.45		-116.447274949		-116.45		-116.4		-116.45		-116.45		-116.447274949		-116.447274949

						(7) Required SINR(dB)		-6.8		-8.00		-7.7		-6.1		-7.40		-13.2		-5.80		-7.5		-7.6		-10

						(8) Received sensitivity(dBm)		-123.247274949		-124.45		-124.15		-122.547274949		-123.85		-129.6		-122.25		-123.95		-124.047274949		-126.447274949

						MCL(dB) (PUCCH format 1a)		146.247274949		147.45		147.15		145.547274949		146.85		152.6		145.25		147		147.047274949		149.447274949

				PUCCH format 2		Performance target		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER

						(4) Interference margin(0 dB is mandatory)		0		0.00		0		0		0		0		0		0		0		0

						(5) Occupied channel bandwidth(dB)		180000		180000		180000		180000		180000		180000		180000		180000		180000		180000

						(6) Effective noise power(dBm)		-116.447274949		-116.45		-116.45		-116.447274949		-116.45		-116.4		-116.45		-116.45		-116.447274949		-116.447274949

						(7) Required SINR(dB)		-5.5		-6.70		-6.9		-6.2		-7.10		-7.0		-5.40		-7		-7		-6.9

						(8) Received sensitivity(dBm)		-121.947274949		-123.15		-123.35		-122.647274949		-123.55		-123.4		-121.85		-123.45		-123.447274949		-123.347274949

						MCL(dB) (PUCCH format 2)		144.947274949		146.15		146.35		145.647274949		146.55		146.4		144.85		146.5		146.447274949		146.347274949

				Message 3 TBS 56		Performance target		10%rBLER		10%rBLER		10%iBLER		10%rBLER		10%rBLER		10% rBLER
(1% rBLER)		10% iBLER
(1% rBLER)		10%rBLER		10%rBLER		10%rBLER

						Max number of HARQ retransmissions		4		4		4		4		4		7		4		4		8		4

						Number of UL RBs		2		1		2		2		2		2		1		2		3		1

						MCS number		1		4		1		1		1		1		4		1		1		5

						(4) Interference margin(0 dB is mandatory)		0		0.00		0		0		0		0		0		0		0		0

						(5) Occupied channel bandwidth(dB)		360000		180000.00		360000		180000		360000		360000		180000		360000		540000		180000

						(6) Effective noise power(dBm)		-113.4369749923		-116.45		-113.44		-116.447274949		-113.44		-113.4		-116.45		-113.45		-111.6760624018		-116.447274949

						(7) Required SINR(dB)		-10.6		-5.60		-2.8		-7.5		-10.80		-12.1
(-9.5)		1.2
(-1.2)		-10.6		-10.6		-13

						(8) Received sensitivity(dBm)		-124.0369749923		-122.05		-116.24		-123.947274949		-124.24		-125.5
(-122.9)		-115.25
(-117.6473)		-124.04		-122.2760624018		-129.447274949

						MCL(dB) (Message 3 TBS 56)		147.0369749923		145.05		139.24		146.947274949		147.24		148.5
(145.9)		138.25
(140.6472749)		147		145.2760624018		152.447274949

				Message 3 TBS 144		Performance target		10%rBLER		10%rBLER		10%iBLER		10%rBLER		10%rBLER		10%rBLER
(1% rBLER)		10% iBLER
(1% rBLER)		10%rBLER		10%rBLER		10%rBLER

						Max number of HARQ retransmissions		4		4		4		4		4		7		4		4		8		4

						Number of UL RBs		3		2		4		3		3		2		2		3		4		2

						MCS number		2		5		1		2		2		5		2		2		1		6

						(4) Interference margin(0 dB is mandatory)		0		0.00		0		0		0		0		0		0		0		0

						(5) Occupied channel bandwidth(dB)		540000		360000.00		720000		540000		540000		360000		360000		540000		720000		360000

						(6) Effective noise power(dBm)		-111.6760624018		-113.44		-110.43		-111.6760624018		-111.68		-113.4		-113.44		-111.68		-110.4266750357		-113.4369749923

						(7) Required SINR(dB)		-8.3		-5.15		-2.48		-8		-9.40		-9.7
(-7.1)		1
(-2.5)		-9.3		-9.5		-12.2

						(8) Received sensitivity(dBm)		-119.9760624018		-118.59		-112.91		-119.6760624018		-121.08		-123.1
(-120.5)		-112.436975
(-115.936975)		-120.98		-119.9266750357		-125.6369749923

						MCL(dB) (Message 3 TBS 144)		142.9760624018		141.59		135.91		142.6760624018		144.08		146.1
(143.5)		135.436975
(138.936975)		144		142.9266750357		148.6369749923

				VoIP AMR 12.2 kbps		Performance target		2%rBLER		2%rBLER		2%rBLER		2%rBLER		2%rBLER		2%rBLER		2%rBLER		2%rBLER		2%rBLER		2%rBLER

						Max number of HARQ retransmissions		4		2		4		4		4		3		5				3		1

						PUSCH hopping		ON		ON		OFF		ON		OFF		ON		ON		ON		ON		ON

						TTI bundling		ON		ON (4 TTI)		ON		ON		ON		ON		ON		ON		ON		ON

						RLC segmentation		OFF		OFF		OFF		OFF		OFF		OFF		OFF				ON		OFF

						Number of UL RBs		3		3		1		1		3		2		1				3		4

						MCS number		7		7		6		6		7		10		6				4		5

						(4) Interference margin(0 dB is mandatory)		0		0.00		0		0		0		0		0				0		0

						(5) Occupied channel bandwidth(dB)		540000		540000.00		180000		180000		540000		360000		180000.00				540000		720000

						(6) Effective noise power(dBm)		-111.6760624018		-111.68		-116.45		-116.447274949		-111.68		-113.4		-116.45				-111.6760624018		-110.4266750357

						(7) Required SINR(dB)		-6.4		-4.35		-4.08		-4		-4.10		-7.1		-2.90				-7		-10.5

						(8) Received sensitivity(dBm)		-118.0760624018		-116.03		-120.53		-120.447274949		-115.78		-120.5		-119.35				-118.6760624018		-120.9266750357

						MCL(dB) (VoIP AMR 12.2 kbps)		141.0760624018		139.03		143.53		143.447274949		138.78		143.5		142.35				141.6760624018		143.9266750357

				Medium data rate PUSCH 384kbps		Performance target		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER

						Max number of HARQ retransmissions		4		1		4		4		3				4		1		4		1

						PUSCH hopping		ON		ON		OFF		OFF		OFF		ON		ON		ON		OFF		ON

						Number of UL RBs		4		4		6		10		4		4		5		4		5		14

						MCS number		6		6		4		2		6		6		5		6		5		4

						(4) Interference margin(0 dB is mandatory)		0		0.00		0		0		0		0		0		0		0		0

						(5) Occupied channel bandwidth(dB)		720000		720000.00		1080000		1800000		720000		720000		900000		720000		900000		2520000

						(6) Effective noise power(dBm)		-110.4266750357		-110.43		-108.67		-106.4		-110.43		-110.4		-109.4575749056		-110.43		-109.4575749056		-104.9859945922

						(7) Required SINR(dB)		-2.8		1.75		1		-3		0.70		1.9		2.5		0		-0.5		-7

						(8) Received sensitivity(dBm)		-113.2266750357		-108.68		-107.67		-109.5		-109.73		-108.5		-106.9575749056		-110.43		-109.9575749056		-111.9859945922

						MCL(dB) (Medium data rate PUSCH 384kbps)		136.2266750357		131.68		130.67		132.5		132.73		131.5		129.9575749056		133.4		132.9575749056		134.9859945922

				Minimum data rate PUSCH (2nd priority, bit rate is FFS)		Performance target		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER

						Max number of HARQ retransmissions														4

						PUSCH hopping														ON

						Number of UL RBs														1

						MCS number														0

						(4) Interference margin(0 dB is mandatory)														0

						(5) Occupied channel bandwidth(dB)														180000

						(6) Effective noise power(dBm)														-116.447274949

						(7) Required SINR(dB)														-1.2

						(8) Received sensitivity(dBm)														-117.647274949

						MCL(dB) (Minimum data rate PUSCH (2nd priority, bit rate is FFS))														140.647274949

		LTE DL		PDCCH format 1a		Performance target		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER

						Aggregation level		8CCE				8CCE		8CCE		8CCE				8CCE
(4CCE)				8CCE		8CCE

						(4) Interference margin(0 dB is mandatory)		0				0		0		0				0				0		0

						(5) Occupied channel bandwidth(dB)		1440000				4320000		4320000		4320000				4320000
(2160000)				4320000		4320000

						(6) Effective noise power(dBm)		-103.416375079				-98.65		-98.6		-98.65				-98.64516253
(-101.65546)				-98.6451625319		-98.6451625319

						(7) Required SINR(dB)		-4.8				-2.3		-4.3		-6.40				-5
(-2.3)				-5.3		-5.5

						(8) Received sensitivity(dBm)		-108.216375079				-100.95		-102.9		-105.05				-103.6451625
(-103.95546)				-103.9451625319		-104.1451625319

						MCL(dB) (PDCCH format 1a)		146.2575749056				143.76		145.7		147.86				146
(143.3)				146.7575749056		143.947274949

				PDCCH format 2c		Performance target		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER

						Aggregation level		8CCE						8CCE		8CCE				8CCE
(4CCE)				8CCE

						(4) Interference margin(0 dB is mandatory)		0						0		0				0				0

						(5) Occupied channel bandwidth(dB)		1440000						4320000		4320000				4320000
(2160000)				4320000

						(6) Effective noise power(dBm)		-103.416375079						-101.8		-98.65				-98.64516253
(-101.65546)				-98.6451625319

						(7) Required SINR(dB)		-3.1						-3.1		-5.40				-3.5
(-0.7)				-4.2

						(8) Received sensitivity(dBm)		-106.516375079						-101.8		-104.05				-102.1451625
(-102.3554625)				-102.8451625319

						MCL(dB) (PDCCH format 2c)		144.5575749056						144.6		146.86				144.5
(141.7)				145.6575749056

				PBCH		Performance target		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER

						(4) Interference margin(0 dB is mandatory)		0				0		0		0				0				0

						(5) Occupied channel bandwidth(dB)		1080000				1080000		1080000		1080000				1080000				1080000

						(6) Effective noise power(dBm)		-104.6657624451				-104.67		-104.7		-104.67				-104.6657624451				-104.6657624451

						(7) Required SINR(dB)		-8.5				-6.3		-8.1		-7.10				-7				-7.7

						(8) Received sensitivity(dBm)		-113.1657624451				-110.97		-112.8		-111.77				-111.6657624451				-112.3657624451

						MCL(dB) (PBCH)		149.9575749056				147.76		149.6		148.56				148				149.1575749056

				PHICH		Performance target		0.1%BLER		0.1%BLER		0.1%BLER		0.1%BLER		0.1%BLER		0.1%BLER		0.1%BLER		0.1%BLER		0.1%BLER		0.1%BLER

						(4) Interference margin(0 dB is mandatory)		0				0		0		0				0				0		0

						(5) Occupied channel bandwidth(dB)		60000				180000		180000		60000				1260000				180000		180000

						(6) Effective noise power(dBm)		-117.2184874962				-112.45		-112.4		-117.22				-103.9962945488				-112.447274949		-112.447274949

						(7) Required SINR(dB)		-5.9				-1.9		-4.5		-4.10				-3				-4.5		-6.3

						(8) Received sensitivity(dBm)		-123.1184874962				-114.35		-116.9		-121.32				-106.9962945488				-116.947274949		-118.747274949

						MCL(dB) (PHICH)		147.3575749056				143.36		146		145.56				144				145.9575749056		144.747274949

				PCFICH		Performance target		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER		1%BLER

						(4) Interference margin(0 dB is mandatory)		0				0		0		0				0				0		0

						(5) Occupied channel bandwidth(dB)		240000				240000		240000		240000				240000				240000		240000

						(6) Effective noise power(dBm)		-111.1978875829				-111.2		-111.2		-111.20				-111.1978875829				-111.1978875829		-111.1978875829

						(7) Required SINR(dB)		-5.8				-2.9		-5.1		-5.00				-1.5				-6		-6.5

						(8) Received sensitivity(dBm)		-116.9978875829				-114.1		-116.3		-116.20				-112.6978875829				-117.1978875829		-117.6978875829

						MCL(dB) (PCFICH)		147.2575749056				144.36		146.6		146.46				142.5				147.4575749056		144.947274949

				PSS		Performance target		10%Pmiss		10%Pmiss		10%Pmiss		Sync in 200 ms		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss(Sync in 600 ms)		10%Pmiss

						(4) Interference margin(0 dB is mandatory)		0				0		0						0				0

						(5) Occupied channel bandwidth(dB)		930000				1080000		1080000						1080000				930000

						(6) Effective noise power(dBm)		-105.3151705145				-104.67		-104.6657624451						-104.6657624451				-105.3151705145

						(7) Required SINR(dB)		-6.2				-5		-9.4						-6				-12.5

						(8) Received sensitivity(dBm)		-111.5151705145				-109.67		-114.0657624451						-110.6657624451				-117.8151705145

						MCL(dB) (PSS)		147.6575749056				146.46		150.2081668363						147				153.9575749056

				SSS		Performance target		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss		10%Pmiss

						(4) Interference margin(0 dB is mandatory)		0				0								0				0

						(5) Occupied channel bandwidth(dB)		930000				1080000								1080000				930000

						(6) Effective noise power(dBm)		-105.3151705145				-104.67								-104.6657624451				-105.3151705145

						(7) Required SINR(dB)		-6.2				-5								-6				-12.2

						(8) Received sensitivity(dBm)		-111.5151705145				-109.67								-110.6657624451				-117.5151705145

						MCL(dB) (SSS)		147.6575749056				146.46								147				153.6575749056

				VoIP 12kbps		Performance target		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER

						Max number of HARQ retransmissions		4				4		4		3				4				3

						Number of DL RBs		3				3		12		3				3				12

						MCS number		7				7		0		7				7				0

						(4) Interference margin(0 dB is mandatory)		0				0		0		0				0				0

						(5) Occupied channel bandwidth(dB)		540000				540000		2160000		540000				540000				2160000

						(6) Effective noise power(dBm)		-107.6760624018				-107.68		-101.6554624885		-107.68				-107.6760624018				-101.6554624885

						(7) Required SINR(dB)		-2.5				1		-6.2		2.40				0.5				-4

						(8) Received sensitivity(dBm)		-110.1760624018				-106.68		-107.8554624885		-105.28				-107.1760624018				-105.6554624885

						MCL(dB) (VoIP 12kbps)		143.9575749056				140.46		147.6575749056		139.06				140.5				145.4575749056

				Medium data rate PDSCH 1Mbps		Performance target		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER		10%iBLER

						Max number of HARQ retransmissions		4				4		4		3				4				4		1

						Number of DL RBs		23				37		40		10				25				41		18

						MCS number		2				0		0		6				2				0		6

						(4) Interference margin(0 dB is mandatory)		0				0		0		0				0				0		0

						(5) Occupied channel bandwidth(dB)		4140000				3600000		7200000		1800000				4500000				7380000		3240000

						(6) Effective noise power(dBm)		-98.8299965888				-99.44		-96.4266750357		-102.45				-98.4678748622				-96.3194363818		-99.8945498979

						(7) Required SINR(dB)		-2.31				-2.1		-6.2		2.1				-4				-5.3		-0.1

						(8) Received sensitivity(dBm)		-101.1399965888				-101.54		-102.7		-100.35				-102.4678748622				-101.6194363818		-99.9945498979

						MCL(dB) (Medium data rate PDSCH 1Mbps)		143.7675749056				143.56		147.7308998699		139.36				145				146.7575749056		138.547274949

		UMTS Rel-99 UL (2nd priority)		RACH		Performance target		1%Pmiss 0.1%Pfa												1%Pmiss 0.1%Pfa

						(4) Interference margin(0 dB is mandatory)		0												0

						(5) Occupied channel bandwidth(dB)		3840000												3840000.00

						(6) Effective noise power(dBm)		-103.1566877563												-103.16

						(7) Required SINR(dB)		-20.2205999133												-19.09

						(8) Received sensitivity(dBm)		-123.3772876696												-122.25

						MCL(dB) (UMTS RACH)		146.3772876696												145.25

				Voice AMR 12.2kbps		Performance target		1%BLER		1%BLER		1%BLER		1%BLER				1%BLER		1%BLER		1%BLER		1%BLER		1%BLER

						(4) Interference margin(0 dB is mandatory)		0												0

						(5) Occupied channel bandwidth(dB)		3840000												3840000.00

						(6) Effective noise power(dBm)		-103.1566877563												-103.16

						(7) Required SINR(dB)		-20.9797139369												-19.68

						(8) Received sensitivity(dBm)		-124.1364016933												-122.84

						MCL(dB) (UMTS Voice AMR 12.2kbps)		147.1364016933												145.84

		Comments								Assumptions: PUCCH Format 2 - (4 bits); EPA channel model, practical channel estimation algorithms		Assumption: PUCCH Format 2 - (4 bits); EPA channel model, practical channel estimation; eNB antenna configuration: 2Tx2Rx; UE antenna configuration: 1Tx2Rx		Assumption: PUCCH Format 2 - (4 bits); EPA channel model, practical channel estimation; eNB antenna configuration: 2Tx2Rx; UE antenna configuration: 1Tx2Rx		Assumption: PUCCH Format 2 - (4 bits); EPA channel model, practical channel estimation; eNB antenna configuration: 2Tx2Rx; UE antenna configuration: 1Tx2Rx		Assumptions: PUCCH Format 1a - repetition factor of 6; PUCCH Format 2 - 4 bits; EPA channel model; practical channel estimation.  2Tx/Rx		Assumptions:
PUCCH Format 2: 4 bits;
EPA channel;
Impairments are included in the required SINR;
Minimum data rate PUSCH: ~14.4 kbps;
eNB - 2Tx2Rx, UE - 1Tx2Rx.		Assumptions:
PUCCH Format 2: 4 bits;
EPA channel;
Practical channel estimation; eNB antenna - 2Tx2Rx, UE - 1Tx2Rx.				(1) 8Tx8Rx for base station. 1Tx2Rx for UE
(2) PHICH 8 A/Ns, SF = 4, 3 repetition,
(3) PUCCH format 2(10bit)
(4) 3 out 5 in each 5ms is downlink subframe, 2 out 5 in each 5ms is uplink subframe
(5) For TDD, bandwidth = 20MHz 
(6)  5dB beaforming gain over 2x2 SFBC is applied to PDSCH
(7) 5dB gain over 2Tx receiver is applied to UL channels

		Conclusion on channels/signals and UL/DL imbalances								VoIP and medium data rate have lower MCL performance comparing to uplink control channels as generally expected. According to our preliminary observations further investigation of potential coverage improvements for VoIP and low/medium data rates may be necessary to get more balanced uplink performance characteristics.		1、UL is more critical. And in UL:
1）PUSCH is the bottleneck as generally expected, and needs to be enhanced to get well balance in terms of UL coverage.
2）Message 3 appears to have some coverage issue with strict performance target, i.e. 10 iBLER. 
2、In DL:
1）The coverage of PDSCH (VoIP and Medium data rate service) is not as good as DL control channels.
2）PDCCH, especially for DCI format with higher payload size (e.g. format 2c), is expected to be poorer than other control channels.		*In general well balanced.
*UL more limited than DL.
*Uplink data channel most limiting		For UL:
1. MCL results of VoIP and medium rate date service in PUSCH are lower than other uplink channels. 
2. Compared with other UL control channels, MCL results of PRACH is obviously lower. 

For DL:
1. MCL result of PDSCH is worse than other DL channels. It seems that the result can be improved by increasing DL RB assignment to some extent, but capacity of DL is impacted.		RACH and VoIP:
The generic performance of different signals and messages ap! pears to be reasonably well aligned assuming similar performance targets. Furthermore, the MCL of RACH procedure is also balanced with that of VoIP. Also, as Erik pointed out the target performance (Pmiss) can also be slightly relaxed when ultimate coverage is sought after.

Medium Data Rates:
Not surprisingly, the coverage of medium data rates is somewhat worse than that of the other channels. 

PUCCH:
As only PUCCH format 1a can benefit from repetition, there is a clear imbalance between the performance of different PUCCH formats.  The comparison between PUCCH and other channels is not quite straight forward though as the interference conditions are fundamentally different due to CDMA and already moderate PUCCH multiplexing is expected to reduce the coverage to a level comparable with VoIP.		1. LTE coverage is UL limited.
2. For 384 kbps UL data service, it is limited by PUSCH.
3. For VoIP and minimum UL data rate service, the bottleneck is Message 3 transmission (even with TBS 56). The link budget can be improved by 2~3 dB using 1% rBLER instead of 10% iBLER, but Message 3 remains to be the bottleneck.		1. MCL for UL channels including PUCCH formats 1/1a/2(with 4bits) and Msg 3 (with 56 bits) are in the range of 147 dB. 
2. Coverage for Msg3 with 144 bits is roughly 3 dB worse. 
3. Coverage for medium data rate is further reduced.		According to the results, the UL control channels and VoIP 12.2kbps channel are generally well balanced, e.g. VoIP and PRACH imbalance is within 1dB; in addition, even the imbalance between VoIP/PRACH and the limited DL control channel is within 3dB. 

On another aspect,  the data service channel does have some problem, i.e. ‘Medium data rate PUSCH 384kbps’ data channel in uplink is around 10dB worse compared to the other channels. It’s true that the coverage of uplink data service is not a killing issue of the system. While considering the whole evaluation results, it seems that the data service cell edge bitrate (or the coverage of the data service with a certain targeted bitrate) should be the main concern and need further study.		(1). For uplink, PUSCH 384kbps(134.9dB) < UL VoIP (143.9dB) < UL PUCCH format 2 10bit (146.3dB) < UL RACH Format 2 (146.6dB)
(2). For downlink,  PDSCH 1Mbps (138.5dB) < DL PDCCH 8CCE(143.9dB) < PHICH (144.7dB) < PCFICH (144.9dB)
(3). PDCCH is the worst channel of all uplink/downlink control channels.
(4). Uplink VoIP is even 3dB worse than the worst UL control channel.






