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UL Multiple Access Rapporteur Group Chairs Report 
Hokyu Choi, Mohan Fong, Mark Cudak
1. Introduction
This report summarizes the advantages and disadvantages of various non-MIMO uplink access techniques such as OFDMA, SC-FDMA, SE-IFDMA, based on the contributions submitted to the session #53 and discussions on the Rapporteur group reflector. The advantages and disadvantages are summarized per specific topics which are believed to be important for the comparison. Followings are the list of topics captured in this report.
· PAPR

· Link performance

· Coverage

· Cell edge performance

· Out of band emission

· Frequency selective scheduling performance

· Methods of legacy support

· Traffic/pilot/control multiplexing
2. PAPR
Most contributions submitted to Session #53 and the input we received on the Rapporteur Group reflector provided qualitative description of PAPR comparison between OFDMA, SC-FDMA (DFT S-OFDMA) and IFDMA. Quantitative PAPR comparison between OFDMA and SC-FDMA are provided in contributions C802.16m-08/084r2, 012 and 100. All three contributions presented PAPR results using Cubic Metric (CM). The Rapporteur Group Chairs recommended CM as the metric to compare PAPR performance across different UL multiple access schemes. Based on the input received on the Rapporteur Group reflector from contributors of C802.16m-08/084r2, 100, 015r4 as well as the contributions C802.16m-08/084r2, 012, 100 submitted to Session #53, there is a good alignment of the CM values presented as shown in the table below, given the following assumptions:

· Pulse shaping filter is used

· RRC roll off factor equals to zero
	
	OFDMA1
	DFT S-OFDM1
	IFDMA2
	SE-IFDMA3

	QPSK
	3.3
	1.07
	0.5
	1.02

	16 QAM
	3.3
	1.84
	1.5
	1.79


1. Good alignment of CM values from contributors of C802.16m-08/084r2, 012, 100

2. Good alignment of CM values from contributors of C802.16m-08/084r2, 012

3. CM values are provided by contributor of C802.16m-08/015r4
Some contributions submitted to Session #53 and inputs received in the Rapporteur Group have indicated that even though OFDMA has generally higher PAPR than SC-FDMA or IFDMA; the PAPR can be greatly reduced through the use of temporal and spectral pulse shaping and PAPR reduction techniques. It was noted in some contributions and input that PAPR/CM are not sufficient metrics in explaining system behavior as the number of users at cell edge that require maximum transmit power can be small with appropriate power control and scheduling algorithms. It was also noted that the PAPR/CM metric does not adequately capture the actual output backoff which is tied to PA model, spectral mask, and Out-of-Band Emission (OOBE). 
Contribution C802.16m-08/045r1 provided quantitative results on the required amount of output backoff based on the RAPP PA model for various sub-band configurations, so as to meet the FCC and ETSI spectral masks requirements. The results in 08/045r1 showed that the gain in terms of output backoff of SC-FDMA over OFDMA is 0.04 dB, when the frequency resources allocated to an MS is localized in the center of the band. For localized band edge allocation, the gain of SC-FDMA over OFDMA is 0.9 dB. The gain of SC-FDMA over distributed OFDMA is 2.4 dB. The contribution also investigated the issue of MS power consumption. It indicated that although an SC-FDMA user can transmit at a higher power in some cases, the power consumption is also higher. For fixed power consumption, the effective gain of SC-FDMA over OFDMA reduces to 0.02 dB, 0.45 dB and 1.2dB for the cases localized band center, localized band edge and distributed OFDMA respectively.
The Rapporteur Group Chairs has requested input on quantitative PAPR/CM values for OFDMA with PAPR reduction techniques. No input was received on the Rapporteur Group reflector.
3. Link Performance
In addition to the contributions submitted to the session #53 (C80216m-08/012, 08/045, 08/066r1, 08/084r2/085r1/086r1, 08/100, 08/112), additional link performance results were collected through the Rapporteur group discussion, based on the following baseline simulation assumptions.
· Modulation order: QPSK (code rates of ½ and ¾), 16QAM (code rates of ½ and ¾)

· Receiver Type: MMSE
· Antenna configuration: SISO, SIMO, MIMO

· Channel model: Ped-B (3 km/h), Veh A (120 km/h)

· Channel estimation: Ideal
· Channel mapping: Distributed and Localized, whichever is applicable to the proposed multiple access technique

· MIMO scheme: CSM
Additional simulation results with other assumptions, for example, non-ideal channel estimation, different code rates, different receiver types etc., were also requested, if possible, for consideration by the group.
Table 1 shows the link performance comparison results between OFDMA and SC-FDMA / SE-IFDMA. “ICH” and “RCH” denote the ideal and real channel estimation case, respectively. Relative performance differences between OFDMA and SC-OFDMA or SE-IFDMA provided by the same contributors are captured to avoid comparing absolute values from different contributors without calibration.
Table 1 Link performance comparison
	Channel mapping
	Antenna
	Code rate
	Mod.
	Channel model
	SNR difference {OFDMA and SC-FDMA / SE-IFDMA} 
@ {1% BLER}
	SNR difference {OFDMA and SC-FDMA / SE-IFDMA} 
@ {10% BLER}

	Localized
	SISO
	1/2
	QPSK
	Ped B / 3km
	ICH: 1.5 ~ 2dB (Thierry)

RCH: 2 ~ 2.5dB (Thierry)
	ICH: 1.2 ~ 2dB (Thierry)

RCH: 1.5 ~ 1.8dB (Thierry)

	
	
	
	
	Veh A / 120km
	ICH: 2dB (Thierry)

RCH: 6dB (Thierry)

ICH: 0dB (Mohammed, SC-FDE)
	ICH: 1 ~ 2dB (Thierry)

RCH: 2dB (Thierry)

ICH: 0dB (Mohammed, SC-FDE)

	
	
	
	16QAM
	Ped B / 3km
	ICH: 3.75 ~ 5dB (Thierry)

RCH: 4.25 ~ 5dB (Thierry)
	ICH: 2 ~ 3dB (Thierry)

RCH: 2.5 ~ 4dB (Thierry)

	
	
	
	
	Veh A / 120km
	ICH: 3 ~ 4dB (Thierry)

ICH: 0dB (Mohammed, SC-FDE)
	ICH: 2 ~ 3dB (Thierry)

ICH: 0dB (Mohammed, SC-FDE)

RCH: 4.5 ~ 9dB (Thierry)

	
	SIMO
	1/2
	QPSK
	Ped B / 3km
	ICH: 0.2dB (HanGyu)

ICH: 0.2dB (Fan)

ICH: 0.2dB (Jianfeng)

RCH: 1.2 ~ 1.3dB (HanGyu)

RCH: 0.9dB (Jianfeng)

RCH: 1.25dB (Thierry)

RCH: 1.5dB (Anna)
	ICH: 0.2dB (HanGyu)

ICH: 0.1dB (Fan)

ICH: 0dB (Jianfeng)

RCH: 0.9 ~ 1.2dB (HanGyu)

RCH: 0.7dB (Jianfeng)

RCH: 0.25dB (Anna)

	
	
	
	
	Veh A / 120km
	ICH: 0 ~ 0.3dB (HanGyu)

ICH: 0.5dB (Fan)

ICH: -0.2dB (Jianfeng)

ICH: 0dB (Mohammed) BER, SC-FDE
RCH: 1.3dB (HanGyu)

RCH: 0dB (Jianfeng)
RCH: 1.25 ~ 2dB (Thierry)
	ICH: 0 ~ 0.3dB (HanGyu)

ICH: 0.2dB (Fan)

ICH: -0.2dB (Jianfeng)
ICH: 0dB (Mohammed, BER, SC-FDE)
RCH: 1.3 ~ 1.9dB (HanGyu)

RCH: 0dB (Jianfeng)

	
	
	
	16QAM
	Ped B / 3km
	ICH: 2.4 ~ 2.6dB (HanGyu, 14.2/16.6)

RCH: 4dB (Anna)
RCH: 2dB (Thierry)
	ICH: 0.4 ~ 0.9dB (HanGyu)

RCH: 1.3dB (HanGyu)

RCH: 2.5dB (Anna)

	
	
	
	
	Veh A / 120km
	ICH: 0.1 ~ 0.9dB (HanGyu)

ICH: 0dB (Mohammed) BER, SC-FDE
RCH: 2.4dB (HanGyu)

RCH: 4 ~ 4.5dB (Thierry)
	ICH: 0 ~ 0.3dB (HanGyu)
ICH: 0dB (Mohammed) BER, SC-FDE)
RCH: 1.7 ~ 6.7dB (HanGyu)

RCH: 1 ~ 2.5dB (Thierry)

	
	
	3/4
	QPSK
	Ped B / 3km
	RCH: 0dB (Jianfeng)
	RCH: 0.1dB (Jianfeng)

	
	
	
	
	Veh A / 120km
	ICH: -0.5dB (Mohammed, SC-FDE)

RCH: -0.6dB (Jianfeng)
	ICH: 0dB (Mohammed, SC-FDE)

RCH: -0.5dB (Jianfeng)

	
	CSM
	1/2
	QPSK
	Ped B / 3km
	ICH: 1.9dB (HanGyu)

ICH: -0.8dB (Klutto, MMSE)

ICH: 0 ~ 0.9dB (Klutto, ML vs. MMSE+ML)

RCH: 1dB (Thierry)
	ICH: 0.9dB (HanGyu)

ICH: -0.25 ~ 0.3dB (Klutto, MMSE)

ICH: 0.1 ~ 0.75dB (Klutto, ML vs. MMSE+ML)

RCH: 0.5~1dB (Thierry)

	
	
	
	
	Veh A / 120km
	ICH: -1.55dB (Klutto)
RCH: 0.85 ~ 1dB (Thierry)
	ICH: -0.4dB (Klutto)

RCH: 0.75 ~ 1dB (Thierry)

	
	
	
	16QAM
	Ped B / 3km
	ICH: 3.8dB (HanGyu)

ICH: 0 ~ 1.6dB (Klutto, ML vs. MMSE+ML)

RCH: 3dB (Thierry)
	ICH: 1.5dB (HanGyu)

ICH: 0.1dB (Klutto, MMSE)

ICH: 0.3 ~ 1.5dB (Klutto, ML vs. MMSE+ML)

RCH: 1.75 ~ 2.5dB (Thierry)

	
	
	
	
	Veh A / 120km
	RCH: 2.5 ~ 3dB (Thierry)
	ICH: 0dB (Klutto)

RCH: 1.75 ~2.5dB (Thierry)

	
	
	3/4
	QPSK
	Ped B / 3km
	-
	ICH: -0.2dB (Klutto, MMSE)

ICH: 1dB (Klutto, ML vs. MMSE+ML)

	
	
	
	
	Veh A / 120km
	-
	ICH: -0.2dB (Klutto)

	
	
	
	16QAM
	Ped B / 3km
	-
	ICH: 0.3dB (Klutto, ML vs. MMSE+ML)

	Distributed
	SISO
	1/2
	QPSK
	Ped B / 3km
	ICH: 0.4dB (Klutto)
	ICH: 0.4dB (Klutto)

	
	
	
	
	Veh A / 120km
	ICH: 0.4dB (Klutto)
ICH: -0.8dB (Mohammed, SC-FDE)
	ICH: 0.4dB (Klutto)

ICH: 0dB (Mohammed, SC-FDE)

	
	
	
	16QAM
	Ped B / 3km
	-
	ICH: 1.9dB (Klutto)

	
	
	
	
	Veh A / 120km
	-
	ICH: 2.1dB (Klutto)

	
	
	3/4
	QPSK
	Ped B / 3km
	ICH: 0.5dB (Klutto)
ICH: -3dB (Mohammed, SC-FDE)
	ICH: 0.3dB (Klutto)
ICH: -1.2dB (Mohammed, SC-FDE)

	
	
	
	
	Veh A / 120km
	ICH: 0.6dB (Klutto)
	ICH: 0.4dB (Klutto)

	
	
	
	16QAM
	Ped B / 3km
	-
	-

	
	
	
	
	Veh A / 120km
	ICH: 0dB (Mohammed, SC-FDE)
	ICH: 0.1dB (Mohammed, SC-FDE)

	
	SIMO
	1/2
	QPSK
	Ped B / 3km
	ICH: 0.2dB (Fan)

ICH: 0.25dB (Klutto)
RCH: 1dB (Anna)
	ICH: 0.3dB (Fan)

ICH: 0.25dB (Klutto)

RCH: 0dB (Anna)

	
	
	
	
	Veh A / 120km
	ICH: 0.3dB (Fan)

ICH: 0.15dB (Klutto)
ICH: 0dB (Mohammed)
	ICH: 0.3dB (Fan)

ICH: 0.15dB (Klutto)

ICH: 0dB (Mohammed)

	
	
	
	16QAM
	Ped B / 3km
	ICH: 0.9dB (Klutto)

RCH: 2.5dB (Anna)
	ICH: 0.7dB (Klutto)
RCH: 1.5dB (Anna)

	
	
	
	
	Veh A / 120km
	ICH: 0.8dB (Klutto)
ICH: 0dB (Mohammed)
	ICH: 0.8dB (Klutto)

ICH: -0.1dB (Mohammed)

	
	
	3/4
	QPSK
	Ped B / 3km
	-
	ICH: 0.1dB (Klutto)

	
	
	
	
	Veh A / 120km
	ICH:-0.9dB (Mohammed)
	ICH: 0.1dB (Klutto)

ICH:-0.6dB (Mohammed)

	
	
	
	16QAM
	Ped B / 3km
	ICH: 0.15dB (Klutto)

RCH: 2.5dB (Anna)
	ICH: 0.75dB (Klutto)

RCH: 1.5dB (Anna)

	
	
	
	
	Veh A / 120km
	ICH: 0dB (Klutto)
	ICH: 0.3dB (Klutto)

	
	CSM
	1/2
	QPSK
	Ped B / 3km
	ICH: -0.1dB (Klutto)
	ICH: 0dB (Klutto)

	
	
	
	
	Veh A / 120km
	ICH: -0.2dB (Klutto)
	ICH: -0.05dB (Klutto)

	
	
	
	16QAM
	Ped B / 3km
	ICH: 0.3dB (Klutto)
	ICH: 0.8dB (Klutto)

	
	
	
	
	Veh A / 120km
	-
	ICH: 0.7dB (Klutto)

	
	
	3/4
	QPSK
	Ped B / 3km
	ICH: -2.1dB (Klutto)
	ICH: -1.2dB (Klutto)

	
	
	
	
	Veh A / 120km
	-
	ICH: -1.4dB (Klutto)

	
	
	
	16QAM
	Ped B / 3km
	-
	ICH: 0.2dB (Klutto)

	
	
	
	
	Veh A / 120km
	-
	ICH: -0.05dB (Klutto)


Based on the Table 1, the following observations for the SIMO antenna configuration and localized subcarriers :

· With ideal channel estimation the following is observed:

· The performance difference for OFDMA and SC-FDMA/SE-IFDMA is small for QPSK.  

· Three reports of 0.2 dB for performance difference Ped B

· There is a range of -0.2 to 0.5 dB performance difference for Veh A

· Performance difference between OFDMA and SC-FDMA for 16QAM is bigger  

· HanGyu shows a 2.4 ~ 2.6dB performance difference for Ped B.
· HanGyu shows a 0.1 ~ 0.9dB performance difference for Veh A
· With real channel estimation the following is observed:

· The performance difference for OFDMA and SC-FDMA/SE-IFDMA increases for QPSK.  

· There is a range of 0.9 to 1.3 dB performance difference for Ped B

· There is a range of 0.0 to 2.0 dB performance difference for Veh A

· Performance difference between OFDMA and SC-FDMA for 16QAM is bigger  

· There is a range of 2.0 to 4.0dB performance difference for Ped B.

· There is a range of 2.4 to 4.5dB performance difference for Veh A
· In general, the difference appears higher for real channel estimation favor OFDMA which the exception of Jianfeng who reported no difference of QPSK.
Table 2 summarizes the relative and absolute SNR performance of OFDMA and SC-FDMA for localized channel mapping in Ped-B 3km/h environment. The values in this table are used for coverage calculation in Section 4.
Table 2 Relative and Absolute SNR performance UL MA schemes : Localized, Ped B, 3km/h)
	Channel mapping
	Channel model
	SNR difference {OFDMA and SC-FDMA} @ {1% BLER}

(Name, xdB for OFDMA/ydB for SC-FDMA)

	Localized
	Ped B / 3km
	ICH: 0.2dB (HanGyu, 6.8dB/7dB)

ICH: 0.2dB (Fan, 8.5dB/8.7dB)

ICH: 0.2dB (Jianfeng, 4dB/4.2dB)

RCH: 1.2 ~ 1.3dB (HanGyu, 9dB/10.3dB)

RCH: 0.9dB (Jianfeng, 4.6dB/5.5dB)

RCH: 1.25dB (Thierry, 8.75dB/10dB)

RCH: 1.5dB (Anna, 6.5dB/8dB)


4. Coverage
Coverage is determined by the link budget for the worst case link margin anticipated in the cell.  The coverage can be determined for both a noise limited and interference limited cases.   

Section 13.1.1.1 of the EMD, page 118, provides a template for calculating the coverage range of an interference limited system.  Taking the values from Section 2 on PAPR and Section 3 on link performance one may use the link budget to calculate the difference in coverage area of SC-FDMA and OFDMA.

As a starting point, the following contribution:

C80216m-08_012_APP2_UL_Multiple_Access_Link_Budget.doc

uploaded by Fan Wang on Feb 25th is used.  This contribution is based on the link budget in the EMD.  Many issues associated with this contribution have been addressed in the on the reflector. 

As basis and consistent with the EMD, the contribution lists the AWGN performance as:

AWGN performance = 2.2 dB

However, the comparisons in this section will be made on the SIMO configuration as a minimum 2 Rx antenna is called out for in the SRD, Section 5.7, Support of advanced antenna techniques.  This introduces a 3 dB gain.

AWGN performance for 2 Rx = -0.8 dB

The following fading margins are seen from the various contributions at a 1% BLER for Ped B, 3 km/h with localized distribution.  The values in the table below are calculated based on Table 2 in Section 3. In all cases, a -0.8 dB AGWN performance was used for purposes of expediency even though the different submissions had varying assumptions on channel encoding, HARQ and block sizes. 
Table 3 Fade Margins at 1% BLER for Ped B, 3 km/h
	Contributor
	Channel Est
	OFDMA
	SC-FDMA
	Delta

	HanGyu
	Ideal
	7.6
	7.8
	0.2

	Fan
	Ideal
	9.3
	9.5
	0.2

	Jianfeng
	Ideal
	4.8
	5
	0.2

	HanGyu
	Real
	9.8
	11.1
	1.3

	Jianfeng
	Real
	5.4
	6.3
	0.9

	Thierry
	Real
	9.6
	10.8
	1.3

	Anna
	Real
	7.3
	8.8
	1.5

	Average
	Ideal
	7.23
	7.43
	0.20

	Average
	Real
	8.01
	9.25
	1.24


The above table shows a wide disparity in fade margin ranging from 4.8 dB through 11.1 dB.  For sake of comparison, an average of the two fade margins of OFDMA, for ideal and real channel estimations, at 7.6 dB is taken as a baseline for OFDMA.  The relative performance gain will not be averaged.  This is nowhere near a perfect remedy; however, in the absence of harmonized results it is included for purposes of illustration.
Table 4 Maximum/Minimum Case PAPR
	
	SC-FDMA
	SE-FDMA

	
	Maximum
	Minimum
	Maximum
	Minimum

	Delta in PA Backoff (dB)
	2.23 dB
	0.04 dB 
(band center)
	2.28
	N/A


The link budget contribution, cited above, assumes a scheduling gain for localized distributions of 7.2 dB.  This gain will be used for all cases even though it was pointed out that OFDMA and SC-FDMA may have different frequency selective scheduling performance as summarized in Section 7 of this report.  In addition, the number of subcarriers will be taken to be 18 consistent with the cited link budget contribution.  Table 5 includes the coverage efficiency for OFDMA with backoff based on the CM and the RAPP values from Section 2. Table 5 also includes the coverage efficiency for SC-FDMA based on the average delta of SC-FDMA and OFDMA for ideal and real channel estimation.
Table 5 Link Budget Comparisons
	Item
	OFDMA
	SC-FDMA
	Unit

	
	(CM)
	(RAPP)
	(Ideal)
	(Real)
	

	System Configuration
	
	
	
	
	

	Carrier frequency/Total channel bandwidth
	2.5/10
	2.5/10
	2.5/10
	2.5/10
	GHz/MHz

	BS/MS heights
	32/1.5
	32/1.5
	32/1.5
	32/1.5
	m 

	Test environment
	Baseline of 16m EMD
	Baseline of 16m EMD
	Baseline of 16m EMD
	Baseline of 16m EMD
	Indoor, outdoor vehicular, etc.

	Channel type
	traffic/control
	traffic/control
	traffic/control
	traffic/control
	Control channel/Traffic channel

	Area coverage
	90
	90
	90
	90
	%

	Subcarrier bandwidth
	10.94
	10.94
	10.94
	10.94
	kHz

	Number of subcarriers
	18
	18
	18
	18
	-

	Test service
	145.83
	145.83
	145.83
	145.83
	Data (rate)/VoIP (rate)  kbps

	Chosen modulation and coding scheme (explicitly state the use of repetition coding)
	QPSK, 1/2
	QPSK, 1/2
	QPSK, 1/2
	QPSK, 1/2
	-

	Transmitter
	
	
	
	
	

	(a)            Number of transmit antennas 
	1
	1
	1
	1
	-

	(b)            Maximum transmitter power per antenna
	23
	23
	23
	23
	dBm

	(c)            Transmit backoff 
	2.23
	0.04
	0
	0
	dB

	(d)            Transmit power per mobile = (b) - (c)
	20.77
	22.96
	23
	23
	dBm

	(e)            Transmitter antenna gain
	0
	0
	0
	0
	dBi

	(f)           Cable, connector, combiner, body losses (enumerate sources)
	0
	0
	0
	0
	dB

	     (g) Data EIRP = (d) + (e) - (f)
	20.77
	22.96
	23
	23
	dBm

	Receiver
	
	
	
	
	

	(h)            Number of receive antennas
	2
	2
	2
	2
	-

	(i)              Receiver antenna gain
	17
	17
	17
	17
	dBi

	(j)              Cable, connector, body losses
	2
	2
	2
	2
	dB

	(k)            Receiver noise figure
	5
	5
	5
	5
	dB

	(l)              Thermal noise density
	-174
	-174
	-174
	-174
	dBm/Hz

	(m)           Receiver interference density
	-167
	-167
	-167
	-167
	dBm/Hz

	(n)         Total noise plus interference density= 10 log ( 10((l)/10) + 10((m)/10) ) 
	-166.21
	-166.21
	-166.21
	-166.21
	dBm/Hz

	(o)         Occupied channel bandwidth (for meeting the requirements of the test service)
	196.92
	196.92
	196.92
	196.92
	kHz

	(p)            Effective noise power = (n) + (k) + 10log((o))   
	-108.27
	-108.27
	-108.27
	-108.27
	dBm

	(q)         Required SNR (AWGN 1-branch sensitivity) 
	2.2
	2.2
	2.2
	2.2
	dB

	(r)             Receiver implementation margin
	0
	0
	0
	0
	dB

	(r1)          Fast fading margin (include scheduler gain)
	0.4
(7.6-7.2)
	0.4
(7.6-7.2)
	0.6
(7.6-7.2+0.2)
	1.6
(7.6-7.2+1.2)
	dB

	(r2)          HARQ gain
	0
	0
	0
	0
	dB

	(r3)          Handover gain
	0
	0
	0
	0
	dB

	(r4)          BS/MS diversity gain
	3
	3
	3
	3
	dB

	(s)         Receiver sensitivity = (p) + (q) + (j) + (r) + (r1) - (r2) - (r3) - (r4)
	-108.67
	-108.67
	-108.47
	-107.47
	dBm

	(t)             Hardware link budget = (g) + (i) - (s)
	146.44
	148.63
	148.47
	147.47
	dB

	Calculation of Available Pathloss
	
	
	
	
	

	(u)            Lognormal shadow fading std deviation 
	8
	8
	8
	8
	dB

	(v)         Shadow fading margin (function of the area coverage and (u)) 
	5.6
	5.6
	5.6
	5.6
	dB

	(w)           Penetration margin
	10
	10
	10
	10
	dB

	(w1)       Other gains   
	0
	0
	0
	0
	dB

	(x)          Available path loss = (t) – (v) – (w) + (w1)  
	130.84
	133.03
	132.87
	131.87
	dB

	Range/coverage Efficiency Calculation
	
	
	
	
	

	propagation intercept @ 1km
	130.62
	130.62
	130.62
	130.62
	-

	propagation slop factor
	37.6
	37.6
	37.6
	37.6
	-

	(y)         Maximum range (according to the selected carrier frequency, BS/MS antenna heights, and test environment – see System Configuration section of the link budget)  
	1.01
	1.16
	1.15
	1.08
	km

	(z)             Coverage Efficiency (π (y)2)
	3.22
	4.22
	4.13
	3.66
	sq km/site


The results of Table 5 are summarized in Table 6 below showing the largest to smallest coverage efficiency.

Table 6 Largest and smallest coverage efficiency
	Multi-Access
	Backoff Model
	Channel Estimation
	Coverage Efficiency (sq km/site)
	Relative Improvement

	OFDMA
	RAPP
	N/A
	4.22
	31%

	SC-FDMA
	N/A
	Ideal
	4.13
	28%

	SC-FDMA
	N/A
	Real
	3.66
	14%

	OFDMA
	CM
	N/A
	3.22
	0%


5. Cell Edge Performance
The intention of this metric is to compare the cell edge performance, i.e. 95% throughput of different multiple access techniques, based on a common set of system level simulation assumptions defined in 16m EMD. As opposed to the link performance metric and the coverage (link budget) metric, which focus on per-user, per-link performance, the cell edge performance metric is intended for a more representable system configuration, consists of multi-cell and multi-user per cell and include system level aspects related to scheduling, outer-cell interference control, power control etc.   

· Most of the contributions submitted to Session #53 and the input received on the Rapporteur Group reflector focused on per-user link performance. Contribution C802.16m-08/066r1 provides system level simulation results based on 16m EMD baseline and NGMN configurations. The system level simulation is a Monte Carlo static system level simulation with random assignment of one sub-channel per user, without dynamic scheduling and link adaptation. It compares effective SINR cdfs between SC-FDMA and OFDMA with different PA backoff. The effective SINR is a geometric average of instantaneous post-processing (i.e. after equalization) SINR values for all the sub- carriers within the sub-channel. The contribution shows that under interference-limited scenario, i.e. NGMN configuration with 15% loading and baseline configuration with 60% loading, OFDMA and SC-FDMA have similar effective SINR distribution for up to 6dB output backoff (OBO) applied to OFDMA. The simulation assumed ideal channel estimation for both OFDMA and SC-FDMA and no PAPR reduction technique for OFDMA. 

Contribution C802.16m-08/100 provides 90% coverage availability comparison of OFDMA and SC-FDMA in Figure 4. The coverage availability is the probability that the path loss and shadowing do not exceed the difference between the maximum transmitted power and the required received signal level. The results in Figure 4 show that for various distance considered, SC-FDMA has a better 90% coverage availability compared to OFDMA, with the assumptions of LTE propagation models, link performance based on TU channel @ 3km/h and OBO based on CM calculation. The results are based on system level simulation. However, assumptions related to dynamic scheduling and link adaptation/power control are not specified. 

The Rapporteur Group Chairs requested members of the Rapporteur Group to provide further input and discussion on this metric. No input and discussion has been received to date.
6. Out of Band Emission
There was much debate regarding the Out Of Band Emission (OOBE) performance of SC-FDMA with respect to OFDMA.  A clear distinction is made between the “average” and the “instantaneous” OOBE.  The "average" OOBE determines whether a signal conforms to the spectral mask required by a regulator.  The "instantaneous" OOBE will not impact the spectral mask, but rather will effect the adjacent channel interference performance.   Results were provided for both the average OOBE in contribution IEEE C802.16m-008/45 and instantaneous OOBE C802.16m-008/066r2.

Contribution IEEE C802.16m-08/45, pages 18 and 19, show the spectral density for a OFDMA (PUSC),  OFDMA (AMC),  SC-FDMA (Distributed), SC-FDMA (localized), SC-FDMA (localized centered) and OFDMA (localized centered). In the results, the output PA power were decreased until the spectral density of the signal met the BRS mask. The results show out-of-band emissions in the adjacent channel are comparable for OFDMA and SC-FDMA; while SC-FDMA provides a higher transmit power. This suggests that for a fixed transmit power the average OOBE is lower for SC-FDMA than OFDMA.

Contribution IEEE C802.16m-008/66r1, page 10, depicts the instantaneous Power Spectral Density (PSD) of a OFDMA and SC-OFDMA for what appears to be a 4 symbol duration signal with 1024 point FFT with M=128 occupied subcarriers. At 1024 subcarriers off center, SC-FDMA out-of-band emissions is -45 dB down while OFDMA is -55 dB down. The results were presented for the base band signal and no PA model appears to have been employed. The value is taken from snapshot of the SC-FDMA and OFDMA waveform depicting a instance where OOBE is higher for SC-FDMA.  No statistics regarding the likelihood of this peak in the OOBE were presented.  However, it is agreed that the “variance” of the OOBE is higher for SC-FDMA than OFDMA. The impact of "instantaneous" OOBE on the adjacent channel interference performance has not been quantified.
7. Frequency Selective Scheduling Performance
A number of qualitative comments have been provided on the Rapporteur Group reflector regarding frequency selective scheduling performance of OFDMA, SC-FDMA and IFDMA. Here is a synopsis of these comments: 

· Both OFDMA and SC-FDMA support frequency selective scheduling and can benefit from frequency selective scheduling gain.  IFDMA does not support frequency selective scheduling. (HanGyu Cho et. al.) (Anna Tee et. al.) (Amitava Ghosh et. al.) (Jianfeng Kang et. al.) 

· OFDMA is more suitable to frequency selective scheduling because of a higher dynamic range (or variation) of sub-channel quality. (Sassan Ahmadi et. al.) (Thierry Lestable et. al.) 

· OFDMA allows assignment of multiple disjoint sub-bands to a single MS to exploit multi-user scheduling gain. In SC-FDMA, contiguous sub-bands have to be assigned to maintain low PAPR. (HanGyu Cho et. al.) (Anna Tee et. al.)

Only one contribution (C802.16m-08/085r1) provided quantitative results for frequency selective scheduling performance based on analytical model as well as simple simulation. The results on Figure 4 for PB channel based on the simple simulation show ~15% aggregate throughput gain of OFDMA over SC-FDMA for 4 sub-bands assigned per UE, to up to 66% aggregate throughput gain for OFDMA over SC-FDMA for 32 sub-bands assigned per UE. Per the Rapporteur Group Chairs’ request, the contributor of C802.16m-08/085r1 provided clarification on the Rapporteur Group reflector (file uploaded: UL MA (freq_selective_scheduling)- C802.16m_08_085r1_clarification.ppt), regarding the simplified system level simulation procedure used for the generating the results.  The Rapporteur Group Chairs requested more quantitative results on this metric from members. To date, there is no further input or comments received on this metric.
8. Methods of Legacy Support

From the contributions submitted to Session #53 and the input provided on the Rapporteur Group reflector, it was suggested that OFDMA and SC-FDMA can support both TDM or FDM multiplexing with legacy system, whereas IFDMA supports only TDM multiplexing. It was indicated that FDM multiplexing can minimize the link budget and coverage impact on legacy system.

More details are needed to understand how OFDMA and SC-FDMA multiplex in FDM fashion with legacy OFDMA PUSC and AMC permutations. The Rapporteur Group Chairs requested proponents to provide clarification on how OFDMA and SC-FDMA multiplex in FDM fashion with legacy system PUSC and AMC permutations. No input has been received to date.
9. Traffic/Pilot/Control multiplexing
Contributions (083r1/084r2/086r1, 045, 037/237, 112, 066r1, 012) support both TDM and FDM for pilot/traffic/control multiplexing in OFDMA scheme. 
Contributions (083r1/084r2/086r1, 045, 037/237) also consider CDM in addition to TDM and FDM for multiplexing pilots in OFDMA scheme.
Contributions (112, 012, 100) support TDM for pilot/traffic/control multiplexing in SC-FDMA. 
Contribution (100) also support FDM in SC-FDMA but contribution (112) claims that FDM pilot in SC-FDMA may increase PAPR and loose claimed advantage of SC-FDMA. Contribution (015r4) considers only TDM for SE-IFDMA.
Table 7 Traffic/Pilot/Control Multiplexing
	Contributions
	OFDMA
	SC-FDMA
	SE-IFDMA

	083r1, 084r2, 086r1 (LGE)
	TDM/FDM/CDM
	
	

	045 (Intel)
	TDM/FDM/(CDM)
	
	

	037, 237 (ALU)
	TDM/FDM/CDM
	
	

	112 (Nortel)
	TDM/FDM
	TDM (for PAPR reduction)
	

	066r1 (Samsung)
	TDM/FDM
	
	

	012 (Motorola)
	TDM/FDM
	TDM
	

	100 (NSN)
	
	TDM/FDM
	

	015r4 (CEWiT)
	
	
	TDM



  


