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1. Introduction
At the RAN1 LTE meeting in London, the benefits of possible methods of enhancing uplink inter-cell operation in terms of coverage and capacity were considered these included uplink macro-diversity (MD), HARQ, Interference avoidance (IA), Power Control (PC) and resource sharing (RS). At the LTE RAN meeting in Tallinn it was agreed to provide more simulation analysis at the October 10-14 RAN WG1 meeting in San Diego in order to inform WG2 and WG3 via LS at their meeting in Cannes so they can decide on the merits for including MD as a LTE working assumption.  

A reduced set of simulation assumptions was determined in Tallinn [RP-050634] and serves as the basis for the MD simulation results presented in RAN WG1 #42bis meeting in San Diego.  This document presents updated VoIP results as shown in [R1-050717] with most of the simulation assumptions in [RP-050634] but with reduced bandwidth to reduce simulation run time.   Full Buffer results will be available as an addendum to this contribution.
2. Cell Edge Performance Enhancement Techniques
Uplink cell edge throughput enhancement techniques may be needed to support the overall LTE requirements [2] and the goal of a competitive 3GPP long term evolution.  Such uplink cell edge enhancement techniques should support or meet the following requirements.

UL cell edge requirements:
· Enable peak data rates of 50 Mbps for 20 MHz (5 bps/Hz)
· Increase the uplink bit rate at the cell edge (2 to 3 times Release 6)
· Improve the uplink spectrum efficiency (2 to 3 times Release 6)
· Reasonable system and terminal complexity, cost, and power consumption

Various cell edge performance enhancement methods exist and should be considered alone or in combination in light of the above LTE UL system performance requirements and the need to support packet services like VoIP that need a conversational service like QoS. 
UL cell edge enhancement methods include:

· Interference avoidance (IA)
· Macro-diversity (MD)
· Resource sharing (also referred to as ‘muting’);  (RS)
· Slow Power Control (PC)

· HARQ with soft combining (delay tradeoff – suitable to guarantee minimum data rate)

· Intra-cell soft combining

· SDMA (or spatial diversity with more than 2 BS receive antennas)
3. VoIP Performance Results

In Section 4 performance results are given for different uplink enhancement techniques for UEs operating in inter-cell or intra-cell multi-coverage areas (i.e. cell edge operation).  The techniques are:

a) HHO with Max HARQ Retransmissions=4
b) HHO with Max HARQ Retransmissions=6
c) HHO + PC with Max HARQ Retransmissions=4
d) HHO + PC with Max HARQ Retransmissions=6
e) MD -- inter-cell and intra-cell macro-diversity (no RS),

f) MD +PC -- inter-cell and intra-cell macro-diversity (no RS),

g) MD + PC + RS -- inter-cell and intra-cell macro-diversity with RS.

Note little difference has been found between HHO and  HHO + intra-cell MD  performance were HHO with intra-cell macro-diversity has no RS or inter-cell MD,  Also all MD cases had Maximum HARQ retransmissions set to 4.
We were able to exceed 1% residua FER for 
The UL cell layout and other simulation assumptions are as described in Section 6. 

Figure 1 and 2 show user residual FER CDF for a loading of 50 and 100 VoIP UEs/sector.  Residual FER refers to voice packets that were dropped either due to excess delay (not received successfully in time) or the maximum allowed transmissions were reached.  For RS up to N symbols are allowed for each cell for sharing and was chosen to be N=2. Residual FER CDFs for different uplink performance enhancement schemes given VoIP traffic are shown in Figure 1 and 2 and summarized in Table 1 below.  Slow power control results in significant improvement 1% residual FER CDF for both HHO and MD cases. For  the 50 VoIP UEs/sector load, the MD+PC case had similar  1% residual FER CDF  as HHO+PC.  By increasing delay resulting in more HARQ transmissions (from 4 to 6) then the HHO+PC case was improved beyond the MD+PC+RS cases. 

Table 1 – Residual FER CDF performance  
	UL Cell Edge

Enhancement technique
	50 VoIP UE/sector

1% Residual FER CDF point
	100 VoIP UE/sector

1% Residual FER CDF point

	HHO         ,  MaxRetx=4
	97.3%
	88.0%

	HHO         ,  MaxRetx=6
	99.0%
	96.4%

	HHO + PC,  MaxRetx=4
	99.7%
	97.0%

	HHO + PC,  MaxRetx=6
	100%
	99.5%

	MD           ,  MaxRetx=4
	99.3%
	94.0%

	MD + PC  ,  MaxRetx=4
	99.8%
	98.4%

	MD + PC + RS,  MaxRetx=4
	100.0%
	98.4%


4. Performance Results
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Figure 1 - Residual FER CDF for different cell edge enhancement techniques (50 VoIP/sector)
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Figure 2 - Residual FER CDF for different cell edge enhancement techniques (100 VoIP/sector)
5. Conclusion

Given slow power control and the same delay constraint (i.e. maximum number of HARQ retransmission) then no significant residual FER improvement is seen with MD versus HHO for 50 VoIP users/sector.  For the same conditions but at very heavy VoIP loads (100 VoIP users/sector) an improvement of around 1.5% is seen in the residual FER cdf at the 1% point. If the delay constraint is increased by increasing the maximum number of HARQ retransmission from 4 to 6 (14ms vs. 20ms delay constraint given an N=6 stop and wait protocol) then HHO matches or exceeds MD and MD+PC+RS using the tighter delay constraint.  By only increasing the maximum number of HARQ retransmissions from 4 to 5 (14ms vs 17ms) HHO+PC achieves parity with MD.
By comparing the resources utilized for MD and HHO (see section 9) we see a small capacity loss of only 3% where only 0.01% of all the packets need 5 transmissions and therefore see a 3ms increase in uplink RF delay beyond 14ms. (Note that the incremental increase in handover signalling needed to support MD would likely reduce the 3% gain.)
For Full Buffer results (see section 8) the 5%-ile user bit rate benefit due to MD varies from 2% to 6% while the user packet call throughput (based on 2Mbyte packet calls with zero delay inter-arrival) shows no benefit from MD.
 

The amount of  inter-cell communications required to support different MD and MD+RS algorithms should carefully be considered,  since some of the benefit of improved UL system performance can come from other UL enhancement sources requiring less communication such as:

1)  HARQ with increased maximum retransmissions
2)  Slow Power Control

3)  Interference Avoidance

4)  Increase number of Node-B receive antennas beyond 2.
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6. Simulation Assumptions and Cell Layout
In Tallinn the simulation assumptions in [RP-050634] were created for evaluating uplink macro-diversity (MD) and other cell edge enhancements.  These are largely a subset of those given in 25.814.  RP-050634 effectively augments in the Simulation Case table in 25.814 to include a case 5 to cover the 5MHz case and is reflected below in Table 1. Due to simulation run time issues for VoIP we chose to use Case 4 which is consistent with assumptions used in our previous results [R1-050717]..  We have used Case 5 for Full Buffer traffic.
Table 1 – UTRA and EUTRA Simulation Case Minimum Set

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3

	5
	2.0
	1732
	5
	20
	3


Table 2 – Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	1000m (case 4)

1732m (case5)

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=120.9 - 900MHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10 dB – Case4,    20dB – Case5

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth mode
	900MHz / 1.25MHz – Case4

2.0GHz / 5MHz – Case5

	Channel model
	Typical Urban (TU)

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm (FB) and 24dBm (VoIP)

	Inter-cell Interference modelling
	UL: Explicit modelling (all cells occupied by UEs), 

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters


Table 3 – Other Simulation conditions

	Simulation method
	UL EUTRA System simulation  - with wraparound

	AMC
	ON (any MCS with 0.25<MPR<3.33)

MPR = modulation x encoding rate

	HARQ
	Partial Chase
with N=6 Stop&Wait HARQ protocol

	Antenna Diversity
	2 antennas

	Receiver
	DFT-SOFDM/IFDMA/OFDMA 

	Channel & Delay dependent scheduling
	Delay PF: Frequency Non-selective (TDM) – See section 7
Each user assigned some number of X-OFDMA symbols per 0.5ms subframe based on a channel quality estimate

	Evaluation method
	As per 25.913 and 25.814. 
1. For VoIP use CDF of user residual FER

2. For other traffic, compare sector throughput for same user throughput outage criteria (user packet call 5% CDF point). 

3. Also compare user throughput for same sector throughput level.

	User Bandwidth
	1.25 Mhz – case 4,  5.0MHz - case 5

	Traffic Model
	1. VoIP                        
2. Full Buffer 

3. 64Kbps streaming   

4. Gaming                   

VoIP description:

- 256 bit voice packets (with headers) generated every 20ms

- average voice activity of 0.30 with SID (19bytes) every 160ms
- 2 state Markov speech source model, Headers on/off (for header off (stripped) case 21 bytes for voice packet and 8 bytes for SID)

	Power Control 
	Slow Power Control  (On/Off)

	Multipath interference
	Ideal suppression

	Handover add / delete threshold
	4 dB, 6 dB

	Link Mapping
	EESM 


7. Scheduler Description




 SEQ MTSec \r 1 \h \* MERGEFORMAT 

 SEQ MTChap \r 1 \h \* MERGEFORMAT 

At time t, a user has the fairness coefficient as  MACROBUTTON MTEditEquationSection2 Equation Chapter 1 Section 1, where R(t) is the instantaneous rate, T(t) is the average throughput, D(t) is the delay-sensitive factor, and 
[image: image6.wmf]a

 is a delay coefficient. The average throughput is updated as
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.1)

And the delay-sensitive factor is updated as
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.2)

where 
[image: image9.wmf]t

is the delay, 
[image: image10.wmf]0

t

is the delay threshold, and c is a scaling factor.   For Full Buffer traffic D(t)=1 and other than 1 for VoIP traffic (i.e. delay sensitive traffic).
8. Full Buffer Results

MD Benefit: 2 to 6% improvement in user bit rate (user OTA throughput) and less than 0.1% benefit in terms of user (packet call) throughput. (see Table 4 below)
User t-put is packet call throughput based on the time it takes to send 2Mbytes packet calls

Bit Rate - user bit rate is the metric given in [Ericsson] and [DCM] and represents 'good bits per packet' / '#transmissions x TTI' also known as OTA throughput or ‘Over the Air’ throughput.
Slow power control based on pathloss estimation using serving cell's DL pilot signal and knowledge of its power level at the UE.  Two slightly different slow power control schemes were used with the higher user bit rate case (PC) showing a lower MD gain (2%)  than the lower user bit rate case (PC2) with a 6% benefit.
Table 4 – Full Buffer throughput and bit rate results along with residual FER

[image: image11.emf]case Cell t-put User t-put Bit Rate User t-put Bit Rate %user > 1% %user > 0%

(Kbps) (Kbps) (Kbps) (Kbps) (Kbps) (%) (%)

HHO 2952 624 1600 8 73.1 1.0 4.1

MD 2958 622 1605 8 75.7 0.7 3.2

HHO PC 2339 485 1018 16 91.7 0.5 3.3

MD   PC 2345 489 1022 17 93.7 0.4 2.1

HHO PC2 2820 597 1373 10 72.5 1.0 5.3

MD   PC2 2827 599 1376 10 76.6 0.5 3.8

Average 5%-ile Residual FER


9. Resource Utilization vs. Delay (Maximum number of retransmissions)

Note that the differential capacity cost from using up to 5 retransmissions with HHO+PC instead of up to 4 retransmissions with MD+PC is about 3% based on resources (symbols) utilized as shown below in Table 5.  Just to be clear the maximum retransmissions per VoIP packet (MaxRtx) allowed is 4 for MD+PC and 5 for HHO+PC.

Obviously not all HHO+PC users will need an extra re-transmission to achieve parity with MD+PC so the small capacity loss result is not unexpected. The second column (S) in Table 5 below shows total symbols used over all transmissions (N) of a packet.  By comparing the resources utilized for MD and HHO (i.e. NxSxB/5) we see a small capacity loss of only 3% where only 0.01% of all the packets transmitted are needing 5 transmissions and therefore seeing a 3ms increase in uplink RF delay beyond 14ms. (Note that the incremental increase in handover signalling needed to support MD would likely reduce the 3% gain.)
Table 5 - Resource Utilization for ‘HHO+PC+MaxRtx=5’ vs. ‘SHO+PC+MaxRtx=4’
[image: image12.emf]#symbols

#TX used over Capacity

(N) N TXs (S) MDPC_4 HHOPC_5 MDPC_4 HHOPC_5 Loss

1 4.3 0.9297 0.9214 0.800 0.792

2 8.9 0.0677 0.0748 0.241 0.266

3 13.3 0.0023 0.0032 0.019 0.025

4 18.6 0.0003 0.0006 0.004 0.009

5 24.2 0.0000 0.0001 0.000 0.003

1.063 1.095 0.030

(~ 3%)

Needing N TX (B)

Fraction of Packets

(N x S x B / 5)

Resources Utilized


Note also that the residual FER difference decreases as MaxRtx increases for MD and HHO given the same MaxRtx and offered load.
	
	4Rtx
	5Rtx
	6Rtx

	HHO+PC
	0.970
	0.989
	0.996

	MD+PC
	0.984
	0.996
	0.998

	MD Gain
	0.014
	0.007
	0.002


Table 6 – Comparison of 1%FER CDF point for 100 users/sector loading
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Figure 3 -  Effect of Maximum allowed HARQ retransmissions (RTx) and MD
























































































































































































































- 1/8 -

_1189877825.unknown

_1189878415.unknown

_1189878555.unknown

_1190473785.xls
Chart6

		40		40		40		40		40		40		40		40

		60		60		60		60		60		60		60		60

		80		80		80		80		80		80		80		80

		100		100		100		100		100		100		100		100



Bold lines - HHO+PC
Dotted lines - MD+PC

4RTx

5RTx

6RTx

10RTx

4RTx

5RTx

6RTx

10RTx

Cell loading (users/sector)

1% FER CDF point

0.999

1

1

1

1

1

1

1

0.997

0.999

1

1

0.998

1

1

1

0.987

0.996

0.998

1

0.995

0.999

1

1

0.97

0.989

0.996

1

0.984

0.996

0.998

1



Chart1

		40		40		40		40		40		40		40		40

		60		60		60		60		60		60		60		60

		80		80		80		80		80		80		80		80

		100		100		100		100		100		100		100		100



Bold lines - HHO+PC
Dotted lines - MD+PC

4RTx

5RTx

6RTx

10RTx

4RTx

5RTx

6RTx

10RTx

Cell loading (users/sector)

1% FER CDF point

0.999

1

1

1

1

1

1

1

0.997

0.999

1

1

0.998

1

1

1

0.987

0.996

0.998

1

0.995

0.999

1

1

0.97

0.989

0.996

1

0.984

0.996

0.998

1



Chart2

		40		40		40		40

		60		60		60		60

		80		80		80		80

		100		100		100		100



4RTx

5RTx

6RTx

10RTx

1

1

1

1

0.998

1

1

1

0.995

0.999

1

1

0.984

0.996

0.998

1



Sheet1

		HHO+PC												MD+PC

				4RTx		5RTx		6RTx		10RTx						4RTx		5RTx		6RTx		10RTx

		40		0.999		1		1		1				40		1		1		1		1

		60		0.997		0.999		1		1				60		0.998		1		1		1

		80		0.987		0.996		0.998		1				80		0.995		0.999		1		1

		100		0.97		0.989		0.996		1				100		0.984		0.996		0.998		1





Sheet1

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



Bold lines - HHO+PC
Dotted lines - MD+PC

4RTx

5RTx

6RTx

10RTx

4RTx

5RTx

6RTx

10RTx

Cell loading (users/sector)

1% FER CDF point

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






_1189878303.unknown

_1179921060.unknown

_1189876205.unknown

_1189877824.unknown

_1177244166.unknown

