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1 Introduction
At RAN#32 it was agreed to keep the LTE study item open to discuss specific topics [1].  This document provides RAN1’s view on downlink enhancement techniques in addition to those included in the LTE unicast performance figures presented to RAN#32.  This covers the indicative performance and complexity together with the key aspects that would need to be captured in the specification.
The following results are the downlink LTE performance captured in [2] and summarised in [3].

Table 1: DL Reference System Simulation Assumptions by Source (1 - 7)


[image: image1.emf]Key Simulation (1) (2a) (2b) (3) (4) (5)

(6) (7)

Assumptions

R1-061549 R1-061626 R1-061626 R1-061238 R1-061381 R1-061581 R1-061281 R1-061507,28

Overhead

25% 29% 19% 29% 29% 29% 29% 29%

Channel EstImation Non-ideal Ideal Ideal Non-ideal Ideal Ideal Non-Ideal Ideal

2x2 MIMO

Yes Yes Yes No PARC PARC No No

Receiver Type

PU2RC QML QML 2RX-IRC IRC-SIC MMSE-SIC MRC LMMSE

TTI 0.5ms 0.5ms 1.5ms 0.5ms 0.5ms 0.5ms 0.5ms 0.5ms

CQI Delay 1.5ms 1.5ms 1.5ms 4.0ms 0ms 1.0ms 2.0 ms 1.5ms

CQI Reporting Interval 4.0ms 2.0ms 1.5ms 0.5ms 0.5ms 0.5ms 0.5ms 1.5ms

TTI MUXing

up to 8 up to 8 1UE/RB 1UE/TTI up to 20 up to 24

#UEs/Sector 32 10 10 48 1 20 10 10

Reuse 1x3x1 1x3x1 1x3x1 1x3x1 1x3x1 1x3x1 1x3x1 1x3x1

Traffic Type FB FB FB FB On/Off FB On/Off FB

FDS Used

Yes/375kHzYes/375kHzYes/375kHzYes/375kHz

Yes

Yes/375kHzYes/375kHz Yes/750kHz

Fairness Info Yes Yes Yes Yes Yes Yes

Possible Further 

Improvements IC, IRC

CLMIMO, 

VarTTI

CLMIMO, 

VarTTI

FFR,SFR 2ms TTI

I.M.         

R1-061444

I.M., 

MIMO, 

VarTTI

FDS


Table 2: DL Reference System Evaluation Performance Gain Results

[image: image2.emf]Simulation

Cases & T-put (1) (2a) (2b) (3) (4) (5) (6) (7)

Metric Type

Case 1: Sector 2.5 x 2.9 x 3.2 x 2.6 x 3.0 x 2.8 x 2.3 x 1.7 x

Case 2: Sector - 2.3 x 2.7 x 2.3 x - 2.0 x 2.1 x

Case 3: Sector 2.2 x 2.8 x 3.0 x 2.6 x 3.0 x 2.6 x 2.2 x

Case 1: AvgUser - 3.0 x 3.2 x 1.3 x 3.0 x 2.8 x 3.6 x 1.7 x

Case 2: AvgUser - 2.3 x 2.7 x 1.1 x - 3.9 x 2.1 x

Case 3: AvgUser - 2.8 x 3.0 x 1.3 x 3.0 x 2.6 x 3.6 x -

Case 1: 5%User 2.5 x 2.2 x 2.4 x 1.1 x 2.0 x 3.2 x 2.6 x 1.5 x

Case 2: 5%User - 1.4 x 1.9 x 0.6 x - 3.0 x 1.8 x

Case 3: 5%User

12.0 x

2.4 x 2.6 x 1.2 x 1.3 x - 2.2 x -

Gain ( x 25.913 WCDMA )


2 Performance Improvements

Table 3 below summarises the additional enhancement techniques for the downlink with indicative additional gains to the results in table 1 as agreed by RAN1. 
Table 3: Summary of indicative performance gains of enhancement techniques
	Technique
	Additional gain in sector spectral efficiency
	Additional gain in 5%-tile user throughput
	Sources and notes

	Longer TTI
	15% 
10%

10%
	15%
10%

10%
	R1-062281  – 2ms
R1-061626  – 1.5ms
CONSENSUS

	Static interference co-ordination
	-2%/1%
-5%
35%

35%/0%
	58%/79%
67%

0%

0%/65%
	R1-062398– scheduler differs between non co-ordination case and co-ordination simulations
R1-062374
R1-061455/R1-062365 
CONSENSUS

	Interference cancellation
	13%
19%/33%
-

-
15%/33%
	32%
33%/64%
21%

>200%
32%/64%
	R1-061718  – w/o int. coord
R1-061894  – w/o int. coord; 1,2 cells cancelled
R-061444  – w/o int. Coord
R1-062301 
CONSENSUS – w/o int. Coord; ½ cells cancelled

	Adaptive multiple antenna schemes (for (2,2) case)
	15%-18%
10-18%
15%
	15%-18%
0%
10%
	R1-061865 
R1-062145 
CONSENSUS

	Semi-static inference co-ordination
	0%
0%

0%
	10% (uniform load and cell size) -50% (non-uniform)
10%

10%
	R1-060368 
R1-060983 
CONSENSUS

	
	
	
	


The gains in the sector spectral efficiency and 5%-tile user throughput columns are achieved simultaneously. It must be noted that 5%-tile user throughput and sector throughput can always be traded off by the scheduler.  Without performing simulations containing all these techniques it is somewhat difficult to conclude on an exact cumulative gain figures for all these techniques.
2.1 Longer TTI

The benefits, in terms of improved system performance, of a longer downlink TTI are mainly due to reduced (L1/L2) signaling overhead. The amount of gain depends on

· Overhead due to L1/L2 signaling in general (the larger overhead in general, the larger gain in reducing it)

· Traffic characteristics. Main question: With a longer TTI will correspondingly more users be scheduled per TTI (smaller gain) or the same number of users be scheduled per TTI (larger gains)

Assuming that more users are not scheduled per TTI in case of a shorter TTI, it can in essence be assumed that the L1/L2 signaling overhead is reduced in proportion to the increase in the TTI length. As a an example, assuming a total overhead (in case of 0.5 ms TTI) of 29%, evenly divided between reference-signal overhead and L1/L2 control-signaling overhead, increasing the TTI to 2ms would reduce the overall overhead to approximately 18% . The corresponding increase in throughput would be approximately 15% (0.82/0.71). The corresponding numbers for a 1 ms TTI would be roughly 10%. In case the number of users scheduled per TTI increases with the TTI length, the performance gain would be less.  The gains stated in table 3 obviously assume that the longer TTI (in case of multiple TTIs) is always used.
2.2 Static interference co-ordination
Note that this already part of the reference agreed in [4] but not included in the simulation results included in [2] (as shown in tables 1 and 2 above).  It is already agreed that static interference co-ordination shall be supported in the E-UTRA specification. It requires cell planning and may require re-configuration at a very slow rate (e.g. days). Results presented assumes uniform UE distribution and similar cell sizes across network.
2.3 Interference cancellation
Investigations into the achievable gains using interference cancellation in the UE receiver have been carried out.  

Since there are many possible ways to implement IC, a performance bound is established to allow some conclusions about the performance benefit that can be provided. The performance bound was based on perfectly removing the targeted interference signal from the received signals.  This bound was found to be accurate whether static interferer identification was used based on long-term C/I or pathloss or an instantaneous identification of the strongest interferers is used.

The results indicate that for cancellation of one cell the 5%’ile user throughput can be improved by between 20% and 33% whilst the sector throughput can be improved by between 10% and 20%.  For cancellation of two cells the 5%’ile user throughput can be improved by up to 64% and the sector throughput can be improved by up to 33%.  Gains are stated relative to a 1x2 configuration without interference cancellation or coordination.

Substantial gains have also been indicated when interference cancellation is combined with interference co-ordination.
The increase in complexity for the UE receiver is likely to be very much dependent upon implementation.  However, given the potential gains, it is recommended that development of the LTE physical layer should facilitate the use of interference cancellation techniques at the UE receiver.

2.4 Adaptive multiple antenna schemes for (2,2) case

The reference case for performance assessment [4] stated that a single multiple antenna scheme should be used in the simulations.  However adaptive switching between spatial multiplexing and transmit diversity or beamforming dependent on, for example, SINR could bring further performance gains.

2.4.1 Complementary use of beam-forming

Downlink system-performance assessments captured in TR25.814 v7.0.0 were, in terms of antenna solution, limited to 2(2 MIMO spatial multiplexing (multi-stream transmission). Spatial multiplexing provides the largest gain at lower load and small cells where it allows for efficient utilization of the available SIR/SNR, while, at higher load, the gains are smaller. Spatial multiplexing also provides less gain in terms of cell-edge throughput.

Alternatively, or complementary, multiple transmit antennas at the network side can be used for beam-forming. Such antenna solution focuses more on the high-load and cell-edge scenario(s), compared to spatial multiplexing. 

More specifically 2-TX-antenna beam-forming was considered and found to provide the following gains in high-load scenarios, compared to the corresponding system performance with 2(2 MIMO spatial multiplexing:

· 15-18% simultaneous gain in system throughput and cell-edge throughput

· Alternatively: 30% gain in system throughput for given cell edge throughput or 40% (or more) gain in cell edge throughput for given average throughput
2.4.2 Complementary use of transmit diversity

Space-time transmit diversity (STTD) and space multiplexing (SM) can be employed as transmission formats for E-UTRAN. The former provides the space diversity gain and improves the user coverage performance, while the latter increases the data transmission rate and achieves user throughput gain. In order to optimize the performance between the user capacity and user coverage in the down-link, an adaptive transmission by switching between STTD and SM depending on the channel condition can be considered.
2.5 Semi-static interference co-ordination
The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the downlink resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager or restrictions on the transmit power that can be applied to certain time/frequency resources.
For semi-static case reconfiguration of the restrictions is done on a time scale corresponding to seconds or longer. Inter-node communication corresponds to information needed to decide on reconfiguration of the scheduler restrictions (examples of communicated information: traffic-distribution within the different cells, downlink interference contribution from cell A to cell B, etc.) as well as the actual reconfiguration decisions. Signaling rate in the order of tens of seconds to minutes.

Semi-static interference co-ordination is appropriate with non-uniform load distributions in Node Bs and varying cell sizes across the network. It may substantially enhance gains over the static case. 

3 Additional antennas

Performance results for additional antennas will be captured in a CR  to [2] at RAN1#46.  The summary table should be included when feedback is made to RAN on this topic.

Table 4: Summary of gains from additional antennas (tbc)
4 Complexity and Specification 
This section gives a brief overview of the indicative complexity of these techniques and what would need to be captured in the specification to enable these to be supported.
Table 5: Complexity and aspects for specification

	Technique
	Indicative complexity
	Aspects to be captured in specification (if included)

	Longer TTI
	Support for multiple TTI will have a non-negligible impact
	Support for multiple TTI will have a non-negligible impact

	Static interference co-ordination
	1. No additional UE measurements and reporting is needed apart from CQI and handover measurements

2. No additional Node B – UE signaling is required besides scheduling information for DL data transmission

3. Implementation of static, inter-cell coordinated power restrictions.
	RAN1 specifications (PHY channels and procedures) should enable interference co-ordination 

	Interference cancellation
	1. Complexity depends on interference cancellation scheme

2. If more than one interferer is cancelled, different types of interference cancellation – like intra Node B cooperation, IRC or beampattern adaptation - might be applied (intra eNode B cooperation requires scheduling over more than one sector) 

3. Optimized channel estimation algorithms
	RAN1 specifications (PHY channels and procedures) should enable interference cancellation.
· Special care has to be taken for orthogonal reference signal design between cells

· Helpful for interference cancellation is inter eNode B synchronization
· Interference cancellation might be optimized by additional feedback information from the UE to eNode B

	Adaptive multiple antenna schemes (for (2,2) case)
	No specific significant complexity issues (additional complexity) are anticipated
	May impact details on reference signal structure and channel estimation

	Semi-static inference co-ordination
	1. As for the static case, the same measurements and no additional L1 signalling are required. 

2. Inter-node signalling on a scale of tens of seconds needed to reconfigure the scheduler restrictions. The signalling can be among Node Bs and a master node  or among adjacent Node Bs. No cell planning is required
	RAN1 specifications (PHY channels and procedures) should enable interference co-ordination 
RAN3 specifications should support inter-node signalling


5 Conclusion

Based on the results in table 2 it can be concluded that the unicast LTE performance gain over the HSDPA reference for the (2,2) antenna case can be improved for that described in [2] and [3]  Determining an exact figure for the additional gain and hence the overall performance of LTE for these additional techniques without detailed simulations is difficult.  However it is likely that with these techniques included in LTE specification and implementation that at least 3.5x gain in sector spectral efficiency and 3x gain in 5%-tile user throughput can be achieved.  It is possible, considering some of the simulation results, that higher figures could be achieved but noting that some ideal assumptions are included in simulations it cannot be definitely concluded at this stage that this would achieved in reality.
· 
· 
In addition it can be noted that the top-end performance requirements can also be achieved by the use of additional antennas such as (4,2) and (4,4).
· 
· 
The status of the techniques considered is as follows:
· It is clear that a longer TTI than 0.5ms assumed in the study item will be used (either a single TTI of 1ms or an additional TTI of 2ms).
· It has been agreed the static interference co-ordination will be enabled by the specification
· The MIMO/beamforming/transmit diversity discussions are continuing and should take account that such an adaptive approach is important to moving towards top-end LTE performance requirements

· The additional benefits of interference cancellation and semi-static interference co-ordination need to be considered further against the “costs” of these techniques.
It is proposed that a contribution based on this document and an accompanying CR to TR25.912 are prepared for the RAN plenary.
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DL Evaluation tables (3)

						S		M		Nokia		E///		TI		DCM		Qcom

				Simulation		25.913 WCDMA														25.913 E-UTRA OFDMA

				Cases & T-put		(1)		(2)		(3)		(4)		(5)		(6)		(7)		(1)		(2a)		(2b)		(3)		(4)		(5)		(6)		(7)

				Metric Type		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]

				Case 1: Sector		0.748		0.812		0.628		0.44		0.97		0.59		0.988		1.84		2.36		2.60		1.65		1.32		2.72		1.33		1.68																														2.36

				Case 2: Sector		-		0.801		0.446		-		-		0.50		0.664		-		1.85		2.13		1.01		-		-		0.99		1.40																														1.85

				Case 3: Sector		0.652		0.795		0.599		0.41		0.532		0.55				1.46		2.22		2.38		1.56		1.22		1.41		1.23		-																														2.22

				Case 1: AvgUser		-		0.081		-		0.42		0.079		0.27		0.100		-		0.240		0.263		-		1.26		0.22		0.99		0.168																														0.24

				Case 2: AvgUser		-		0.080		-		-		-		0.23		0.066		-		0.188		0.216		-		-		-		0.90		0.140																														0.188

				Case 3: AvgUser		-		0.080		-		0.40		0.038		0.23				-		0.225		0.241		-		1.18		0.10		0.84		-																														0.225

				Case 1: 5%User		0.006		0.028		0.235		0.14		0.020		0.13		0.040		0.015		0.048		0.053		0.51		0.27		0.06		0.34		0.059																														0.048

				Case 2: 5%User		-		0.030		0.187		-		-		0.11		0.027		-		0.035		0.047		0.23		-		-		0.32		0.049																														0.035

				Case 3: 5%User		0.001		0.024		0.173		0.13		-		0.09				0.012		0.043		0.047		0.41		0.17		-		0.20		-																														0.043

																																																								s		Mot		Mot		N		E///		T.I.		DCM		Q

																																																						Key Simulation		(1)		(2a)		(2b)		(3)		(4)		(5)		(6)		(7)

				Simulation		Gain ( x 25.913 WCDMA )																																																Assumptions		R1-061549		R1-061626		R1-061626		R1-061238		R1-061381		R1-061581		R1-061281		R1-061507,28

				Cases & T-put		(1)		(2a)		(2b)		(3)		(4)		(5)		(6)		(7)																																		Overhead		25%		29%		19%		29%		29%		29%		29%		29%

				Metric Type																																																		Channel EstImation		Non-ideal		Ideal		Ideal		Non-ideal		Ideal		Ideal		Non-Ideal		Ideal

				Case 1: Sector		2.5 x		2.9 x		3.2 x		2.6 x		3.0 x		2.8 x		2.3 x		1.7 x																																		2x2 MIMO		Yes		Yes		Yes		No		PARC		PARC		No		No

				Case 2: Sector		-		2.3 x		2.7 x		2.3 x				-		2.0 x		2.1 x																																		Receiver Type		PU2RC		QML		QML		2RX-IRC		IRC-SIC		MMSE-SIC		MRC		LMMSE

				Case 3: Sector		2.2 x		2.8 x		3.0 x		2.6 x		3.0 x		2.6 x		2.2 x																																				TTI		0.5ms		0.5ms		1.5ms		0.5ms		0.5ms		0.5ms		0.5ms		0.5ms

				Case 1: AvgUser		-		2.9 x		3.2 x		-		3.0 x		2.8 x		3.6 x		1.7 x																																		CQI Delay		1.5ms		1.5ms		1.5ms		4.0ms		0ms		1.0ms		2.0 ms		1.5ms

				Case 2: AvgUser		-		2.3 x		2.7 x		-				-		3.9 x		2.1 x																																		CQI Reporting Interval		4.0ms		2.0ms		1.5ms		0.5ms		0.5ms		0.5ms		0.5ms		1.5ms

				Case 3: AvgUser		-		2.8 x		3.0 x		-		3.0 x		2.6 x		3.6 x		-																																		TTI MUXing				up to 8		up to 8		1UE/RB		1UE/TTI		up to 20				up to 24

				Case 1: 5%User		2.5 x		1.7 x		1.9 x		2.1 x		2.0 x		3.2 x		2.6 x		1.5 x																																		#UEs/Sector		32		10		10		48		1		20		10		10

				Case 2: 5%User		-		1.2 x		1.6 x		1.2 x				-		3.0 x		1.8 x																																		Reuse		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1

				Case 3: 5%User		12.0 x		1.8 x		1.9 x		2.3 x		1.3 x		-		2.2 x		-																																		Traffic Type		FB		FB		FB		FB		On/Off		FB		On/Off		FB

																																																						FDS Used		Yes/375kHz		Yes/375kHz		Yes/375kHz		Yes/375kHz		Yes		Yes/375kHz		Yes/375kHz		Yes/750kHz

																																																						Fairness Info		Yes		Yes		Yes				Yes				Yes		Yes

																																																						Possible Further Improvements		IC, IRC		CLMIMO, VarTTI		CLMIMO, VarTTI		FFR,SFR		2ms TTI		I.M.         R1-061444		I.M., MIMO, VarTTI		FDS





DL Evaluation tables (2)

		

				Simulation		HSDPA (Type I)														E-UTRA																Gain ( E-UTRA x HSDPA )

				Cases & Metric		Samsung		Motorola		Nokia		Ericsson		T.I.		DoCoMo		Qualcomm		Samsung		Moto-0.5ms		Moto-1.5ms		Nokia		Ericsson		T.I.		DoCoMo		Qualcomm		Samsung		Motorola				Nokia		Ericsson		T.I.		DoCoMo		Qualcomm

				TR 25.814		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)				0.5ms		1.5ms

				Case 1: Sector		0.748		0.812		0.628		0.44		0.97		0.59		0.988		1.84		2.36		2.60		1.65		1.32		2.72		1.33		1.68		2.5 x		2.9 x		3.2 x		2.6 x		3.0 x		2.8 x		2.3 x		1.7 x												2.36

				Case 2: Sector		-		0.801		0.446		-		-		0.50		0.664		-		1.85		2.13		1.01		-		-		0.99		1.40		-		2.3 x		2.7 x		2.3 x				-		2.0 x		2.1 x												1.85

				Case 3: Sector		0.652		0.795		0.599		0.41		0.532		0.55				1.46		2.22		2.38		1.56		1.22		1.41		1.23		-		2.2 x		2.8 x		3.0 x		2.6 x		3.0 x		2.6 x		2.2 x														2.22

				Case 1: AvgUser		-		0.0812		-		0.42		0.079		0.27		0.100		-		0.24		0.263		-		1.26		0.22		0.99		0.168		-		2.9 x		3.2 x		-		3.0 x		2.8 x		3.6 x		1.7 x												0.24

				Case 2: AvgUser		-		0.0801		-		-		-		0.23		0.066		-		0.188		0.216		-		-		-		0.90		0.140		-		2.3 x		2.7 x		-				-		3.9 x		2.1 x												0.188

				Case 3: AvgUser		-		0.0795		-		0.40		0.038		0.23				-		0.225		0.241		-		1.18		0.10		0.84		-		-		2.8 x		3.0 x		-		3.0 x		2.6 x		3.6 x		-												0.225

				Case 1: 5%User		0.006		0.028		0.235		0.14		0.020		0.13		0.040		0.015		0.048		0.053		0.51		0.27		0.06		0.34		0.059		2.5 x		1.7 x		1.9 x		2.1 x		2.0 x		3.2 x		2.6 x		1.5 x												0.048

				Case 2: 5%User		-		0.030		0.187		-		-		0.11		0.027		-		0.035		0.047		0.23		-		-		0.32		0.049		-		1.2 x		1.6 x		1.2 x				-		3.0 x		1.8 x												0.035

				Case 3: 5%User		0.001		0.024		0.173		0.13		-		0.09				0.012		0.043		0.047		0.41		0.17		-		0.20		-		12.0 x		1.8 x		1.9 x		2.3 x		1.3 x		-		2.2 x		-												0.043

				E-UTRA Sim.		Samsung		Motorola		Nokia		Ericsson		T.I.		DoCoMo		Qualcomm

				Assumptions		R1-061549		R1-061170		R1-061238		R1-061381		R1-061581		R1-061281		R1-061507,28

				Overhead		25%		29%,19%		29%		29%		29%		29%		29%

				Channel Est.		Non-ideal		Ideal		Non-ideal		Ideal		Ideal		Non-Ideal		Ideal

				2x2 MIMO		Yes		Yes		No		PARC		PARC		No		No

				Receiver Type		PU2RC		QML		2RX-IRC		IRC-SIC		MMSE-SIC		IRC		LMMSE

				TTI		0.5ms		0.5ms,1.5ms		0.5ms		0.5ms		0.5ms		0.5ms		0.5ms																R1-061481 Interdigital

				CQI Delay		1.5ms		1.5ms		4.0ms		0ms		1.0ms		2.0 ms		1.5ms

				CQI Reporting Interval		4.0ms		2ms, 1.5ms		0.5ms		0.5ms		0.5ms		2.0ms		1.5ms

				TTI MUXing				up to 8		1UE/RB		1UE/TTI		up to 20				up to 24

				#UEs/Sector		32		10		48		1		20		10		10

				Reuse		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1

				Traffic Type		FB		FB		FB		On/Off		FB		On/Off		FB

				FDS Used		Yes/375kHz		Yes/375kHz		Yes/375kHz		Yes		Yes/375kHz		Yes		Yes/750kHz

				Fairness Info		Yes		Yes				Yes				Yes		Yes

				Possible Further Improvements		IC, IRC		CLMIMO, VarTTI		FFR,SFR		2ms TTI		I.M.         R1-061444		I.M.		FDS






_1208893282.xls
DL Evaluation tables (3)

						S		M		Nokia		E///		TI		DCM		Qcom

				Simulation		25.913 WCDMA														25.913 E-UTRA OFDMA

				Cases & T-put		(1)		(2)		(3)		(4)		(5)		(6)		(7)		(1)		(2a)		(2b)		(3)		(4)		(5)		(6)		(7)

				Metric Type		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]		[b/s/Hz]

				Case 1: Sector		0.748		0.812		0.628		0.44		0.97		0.59		0.988		1.84		2.36		2.60		1.65		1.32		2.72		1.33		1.68																														2.36

				Case 2: Sector		-		0.801		0.446		-		-		0.50		0.664		-		1.85		2.13		1.01		-		-		0.99		1.40																														1.85

				Case 3: Sector		0.652		0.795		0.599		0.41		0.532		0.55				1.46		2.22		2.38		1.56		1.22		1.41		1.23		-																														2.22

				Case 1: AvgUser		-		0.081		0.0261666667		0.42		0.079		0.27		0.100		-		0.240		0.263		0.0343333333		1.26		0.22		0.99		0.168																														0.24

				Case 2: AvgUser		-		0.080		0.0185833333		-		-		0.23		0.066		-		0.188		0.216		0.0209583333		-		-		0.90		0.140																														0.188

				Case 3: AvgUser		-		0.080		0.0249583333		0.40		0.038		0.23				-		0.225		0.241		0.0325208333		1.18		0.10		0.84		-																														0.225

				Case 1: 5%User		0.006		0.022		0.010		0.14		0.020		0.13		0.040		0.015		0.048		0.053		0.011		0.27		0.06		0.34		0.059																														0.048

				Case 2: 5%User		-		0.025		0.0077916667		-		-		0.11		0.027		-		0.035		0.047		0.005		-		-		0.32		0.049																														0.035

				Case 3: 5%User		0.001		0.018		0.0072083333		0.13		-		0.09				0.012		0.043		0.047		0.008		0.17		-		0.20		-																														0.043

																																																								s		Mot		Mot		N		E///		T.I.		DCM		Q

																																																						E-UTRA Simulation		(1)		(2a)		(2b)		(3)		(4)		(5)		(6)		(7)

				Simulation		Gain ( x 25.913 WCDMA )																																																Assumptions		R1-061549		R1-061170		R1-061170		R1-061238		R1-061381		R1-061581		R1-061281		R1-061507,28

				Cases & T-put		(1)		(2a)		(2b)		(3)		(4)		(5)		(6)		(7)																																		Overhead		25%		29%,19%		29%,19%		29%		29%		29%		29%		29%

				Metric Type																																																		Channel EstImation		Non-ideal		Ideal		Ideal		Non-ideal		Ideal		Ideal		Non-Ideal		Ideal

				Case 1: Sector		2.5 x		2.9 x		3.2 x		2.6 x		3.0 x		2.8 x		2.3 x		1.7 x																																		2x2 MIMO		Yes		Yes		Yes		No		PARC		PARC		No		No

				Case 2: Sector		-		2.3 x		2.7 x		2.3 x				-		2.0 x		2.1 x																																		Receiver Type		PU2RC		QML		QML		2RX-IRC		IRC-SIC		MMSE-SIC		IRC		LMMSE

				Case 3: Sector		2.2 x		2.8 x		3.0 x		2.6 x		3.0 x		2.6 x		2.2 x																																				TTI		0.5ms		0.5ms		1.5ms		0.5ms		0.5ms		0.5ms		0.5ms		0.5ms

				Case 1: AvgUser		-		3.0 x		3.2 x		1.3 x		3.0 x		2.8 x		3.6 x		1.7 x																																		CQI Delay		1.5ms		1.5ms		1.5ms		4.0ms		0ms		1.0ms		2.0 ms		1.5ms

				Case 2: AvgUser		-		2.3 x		2.7 x		1.1 x				-		3.9 x		2.1 x																																		CQI Reporting Interval		4.0ms		2.0ms		1.5ms		0.5ms		0.5ms		0.5ms		2.0ms		1.5ms

				Case 3: AvgUser		-		2.8 x		3.0 x		1.3 x		3.0 x		2.6 x		3.6 x		-																																		TTI MUXing				up to 8		up to 8		1UE/RB		1UE/TTI		up to 20				up to 24

				Case 1: 5%User		2.5 x		2.2 x		2.4 x		1.1 x		2.0 x		3.2 x		2.6 x		1.5 x																																		#UEs/Sector		32		10		10		48		1		20		10		10

				Case 2: 5%User		-		1.4 x		1.9 x		0.6 x				-		3.0 x		1.8 x																																		Reuse		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1

				Case 3: 5%User		12.0 x		2.4 x		2.6 x		1.2 x		1.3 x		-		2.2 x		-																																		Traffic Type		FB		FB		FB		FB		On/Off		FB		On/Off		FB

																																																						FDS Used		Yes/375kHz		Yes/375kHz		Yes/375kHz		Yes/375kHz		Yes		Yes/375kHz		Yes		Yes/750kHz

																																																						Fairness Info		Yes		Yes		Yes				Yes				Yes		Yes

																																																						Possible Further Improvements		IC, IRC		CLMIMO, VarTTI		CLMIMO, VarTTI		FFR,SFR		2ms TTI		I.M.         R1-061444		I.M.		FDS





DL Evaluation tables (2)

		

				Simulation		HSDPA (Type I)														E-UTRA																Gain ( E-UTRA x HSDPA )

				Cases & Metric		Samsung		Motorola		Nokia		Ericsson		T.I.		DoCoMo		Qualcomm		Samsung		Moto-0.5ms		Moto-1.5ms		Nokia		Ericsson		T.I.		DoCoMo		Qualcomm		Samsung		Motorola				Nokia		Ericsson		T.I.		DoCoMo		Qualcomm

				TR 25.814		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)		(bps/Hz)				0.5ms		1.5ms

				Case 1: Sector		0.748		0.812		0.628		0.44		0.97		0.59		0.988		1.84		2.36		2.60		1.65		1.32		2.72		1.33		1.68		2.5 x		2.9 x		3.2 x		2.6 x		3.0 x		2.8 x		2.3 x		1.7 x												2.36

				Case 2: Sector		-		0.801		0.446		-		-		0.50		0.664		-		1.85		2.13		1.01		-		-		0.99		1.40		-		2.3 x		2.7 x		2.3 x				-		2.0 x		2.1 x												1.85

				Case 3: Sector		0.652		0.795		0.599		0.41		0.532		0.55				1.46		2.22		2.38		1.56		1.22		1.41		1.23		-		2.2 x		2.8 x		3.0 x		2.6 x		3.0 x		2.6 x		2.2 x														2.22

				Case 1: AvgUser		-		0.0812		-		0.42		0.079		0.27		0.100		-		0.24		0.263		-		1.26		0.22		0.99		0.168		-		2.9 x		3.2 x		-		3.0 x		2.8 x		3.6 x		1.7 x												0.24

				Case 2: AvgUser		-		0.0801		-		-		-		0.23		0.066		-		0.188		0.216		-		-		-		0.90		0.140		-		2.3 x		2.7 x		-				-		3.9 x		2.1 x												0.188

				Case 3: AvgUser		-		0.0795		-		0.40		0.038		0.23				-		0.225		0.241		-		1.18		0.10		0.84		-		-		2.8 x		3.0 x		-		3.0 x		2.6 x		3.6 x		-												0.225

				Case 1: 5%User		0.006		0.028		0.235		0.14		0.020		0.13		0.040		0.015		0.048		0.053		0.51		0.27		0.06		0.34		0.059		2.5 x		1.7 x		1.9 x		2.1 x		2.0 x		3.2 x		2.6 x		1.5 x												0.048

				Case 2: 5%User		-		0.030		0.187		-		-		0.11		0.027		-		0.035		0.047		0.23		-		-		0.32		0.049		-		1.2 x		1.6 x		1.2 x				-		3.0 x		1.8 x												0.035

				Case 3: 5%User		0.001		0.024		0.173		0.13		-		0.09				0.012		0.043		0.047		0.41		0.17		-		0.20		-		12.0 x		1.8 x		1.9 x		2.3 x		1.3 x		-		2.2 x		-												0.043

				E-UTRA Sim.		Samsung		Motorola		Nokia		Ericsson		T.I.		DoCoMo		Qualcomm

				Assumptions		R1-061549		R1-061170		R1-061238		R1-061381		R1-061581		R1-061281		R1-061507,28

				Overhead		25%		29%,19%		29%		29%		29%		29%		29%

				Channel Est.		Non-ideal		Ideal		Non-ideal		Ideal		Ideal		Non-Ideal		Ideal

				2x2 MIMO		Yes		Yes		No		PARC		PARC		No		No

				Receiver Type		PU2RC		QML		2RX-IRC		IRC-SIC		MMSE-SIC		IRC		LMMSE

				TTI		0.5ms		0.5ms,1.5ms		0.5ms		0.5ms		0.5ms		0.5ms		0.5ms																R1-061481 Interdigital

				CQI Delay		1.5ms		1.5ms		4.0ms		0ms		1.0ms		2.0 ms		1.5ms

				CQI Reporting Interval		4.0ms		2ms, 1.5ms		0.5ms		0.5ms		0.5ms		2.0ms		1.5ms

				TTI MUXing				up to 8		1UE/RB		1UE/TTI		up to 20				up to 24

				#UEs/Sector		32		10		48		1		20		10		10

				Reuse		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1		1x3x1

				Traffic Type		FB		FB		FB		On/Off		FB		On/Off		FB

				FDS Used		Yes/375kHz		Yes/375kHz		Yes/375kHz		Yes		Yes/375kHz		Yes		Yes/750kHz

				Fairness Info		Yes		Yes				Yes				Yes		Yes

				Possible Further Improvements		IC, IRC		CLMIMO, VarTTI		FFR,SFR		2ms TTI		I.M.         R1-061444		I.M.		FDS






