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1 Introduction

During the last RAN plenary #29 in Tallinn, aligned simulation assumptions and guidelines have been agreed to produce comparable simulation results [1]. Thus, in this document, the performance of uplink macro diversity is presented with the system level simulation based on this agreed assumption and guideline.  
2 Simulation methodology
2.1 Simulation assumptions

The evaluated uplink transmission scheme is SC-FDMA. The detailed parameters are given in [2] and copied as below figure 1 and table 1 for your convenience. 
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Figure 1. Sub-frame format with two short blocks/sub-frame
	“Transmission bandwidth”
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/samples)
	Short block size
((s/samples)
	CP duration
((s/samples)


	5
	0.5
	62.50/256
	31.25/128
	(3.91/16) ( 1*,

(3.42/14) ( 8


Table 1.  Parameters for Uplink Transmission Scheme
We used the basic simulation parameters based on the agreed simulation assumption in [1] as below table 2. The additional simulation assumptions are summarized in table 3. Modulation and coding schemes used are shown in table 4. 

	Parameter
	Assumption

	Bandwidth
	5 MHz

	TTI length
	0.5 msec

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter- site distance
	1732m as default, variation of ISD if possible within the time frame

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	UE transmission power
	21 dBm (125 mW)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	6-path GSM Typical Urban

	UE speed
	3 km/h (fD = 5.55 Hz)

	Number of receiver antennas
	2

	Multipath interference
	Ideal suppression

	Handover add and delete threshold
	4 dB, 6 dB


Table 2.  Basic simulation parameters
	
	Assumptions

	HARQ
	Chase combining (6-channel SAW)

	Scheduler
	Time domain scheduling 

	AMC
	By serving NodeB which is determined by path loss and  shadowing loss

	# of UEs
	10

	# of UE dropping 
	4

	TTIs per 1 drop
	20000 TTIs (10s)

	Power control
	Open loop power control

	Traffic model
	Full buffer model

	Determination of BLER
	Mapping instantaneous SINR to AWGN link curves depending on each MCS level

	SINR calculation
	ESM



Table 3.  Additional simulation assumptions
	Modulation
	Code Rate
	Repetition Factor
	Data rate[kbps]

	QPSK
	1/3
	128
	19.25

	
	1/3
	64
	38.5

	
	1/3
	32
	75

	
	1/3
	16
	150

	
	1/3
	8
	300

	
	1/3
	4
	600

	
	1/3
	2
	1200

	
	1/3
	1
	2400

	
	1/2
	1
	3600

	
	2/3
	1
	4800

	
	3/4
	1
	5400

	
	4/5
	1
	5760

	16 QAM
	1/3
	1
	4800

	
	1/2
	1
	7200

	
	2/3
	1
	9600

	
	3/4
	1
	10800

	
	4/5
	1
	11520


Table 4. Modulation and coding scheme
2.2 Scheduling mechanism
General assumptions are as follows.

· The only downlink best cell performs the scheduling for the UEs in handover region.
· Scheduling is performed at every scheduling period corresponding to TTI.

· Node-B allocates the whole bandwidth to one UE with selected MCS level based on the received pilot SINR in one TTI.
To maximize throughput while maintaining certain fairness among users, a proportional fair scheduler is used. At each scheduling period, the scheduler calculates the priority for each UE based on the SNR and the previously allocated data rate.
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2.3 Output metric

Average cell throughput [kbps/cell] is used to study the network throughput performance, and is measured as
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where b is the total number of correctly received data bits in all data UEs in the simulated system over the whole simulated time, k is the number of cells in the simulation and T is the simulated time. In the case of only evaluating the center cell site, k is the number of sectors.
2.4 Scenario for the simulation
In this simulation, we compare two cases. One is the case of no macro-diversity combining. The other is the case that macro-diversity combining is supported. In both cases, the soft combining of link under the same NodeB is supported. 

We assume the following scenario, which is shown in figure 2. UE1 is scheduled by only the serving NodeB. We assume that the MCS level as well as frequency resource is determined by only serving NodeB. Meanwhile, non-serving NodeB as well as serving Node B can receive the packet data from UE1 provided that the non-serving NodeB also can identify UE1. It means that non-serving NodeB allocates the resource to UE2 but can receive the data from both UE1 and UE2. UE1 also receives the ACK/NACK response from both NodeBs. Especially, for the scheduling efficiency, we assume that non-serving NodeB informs the serving NodeB of the ACK/NACK for the packet reception from UE1. With this signalling, serving NodeB can allocate the resource to another UE in its cell if UE1 transmitted data successfully. It is noted that the feasibility of this signalling is beyond the scope of this contribution.
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Figure 2: scenario for macro diversity combining
3 Simulation results
3.1 Link imbalance due to the interference difference
During the simulation, the amount of interference from other UEs is calculated when inter NodeB SHO UEs transmit the packet. In our simulation, the amount of interference is defined as 

Interference
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, Noc and N denote respectively the channel gain, transmit power of neighbouring UEs, total number of neighbouring UEs and the number of useful sub-carrier . 
The amount of interference in each active set NodeB is shown in table 5. Interference in serving NodeB is about -91.3dB and interference in non-serving NodeB is -87.7dB. Thus, difference is 4.4dB. It means that non-serving NodeB experiences higher interference on the average compared to the serving NodeB when they receive the transmission from inter NodeB SHO UEs. The reason is that non-serving NodeB allocates the same resource to other UEs to which this NodeB acts as the serving NodeB and it is highly probable that this other UE  can provide high received SNR enough to support high data rate. Considering this aspect, even though the links in the active set has same path loss and shadowing loss, effective link between serving NodeB and non-serving NodeB will be imbalanced in the actual system. Thus, the macro-diversity combining gain in system will be more decreased due to this difference than expected gain from the link level simulation results.
	Interference in serving NodeB [dB]
	Interference in non-serving NodeB [dB]
	Difference [dB]

	-91.3
	-87.7
	4.4


Table 5. The amount of interference from other UEs

3.2 Impact of different initial target BLER
We performed the simulation with/without macro-diversity combining at two different initial target BLER. With  different initial target BLER, the required SNR and the residual BLER are different assuming the same number of transmissions. However, it is noted that even though a certain value of initial target BLER is configured, it is difficult to achieve the given initial BLER correctly due to scheduling delay and inter-cell interference variance. Table 6 shows the average cell throughput and user throughput of inter NodeB SHO UEs in different cases.
Figure 3 presents the gain of macro-diversity combining in each case.  Firstly, looking at the cell throughput between with and without MDC, the gain is almost 0 % in both initial target BLER cases.  And regarding the user throughput of inter NodeB SHO users, 0.5% and 1.97% gain can be observed in 1%  and 30% initial target BLER case, respectively. In the user throughput at 5% CDF, MDC shows the 3.2% and 5.1% gain in 1% and 30% initial target BLER case, respectively. It means that the macro-diversity gain will be decreased as the received SNR at the serving Node B is high. 
Figure 4 shows the fairness curve for various test cases to confirm that the simulation results are generated with the same fairness.
	Test case
	Cell throughput[kbps]
	Inter NodeB SHO user throughput[kbps]
	User throughput @ 5% CDF

	Initial BLER 1% without MDC
	2870.2
	178.5
	32.2

	Initial BLER  1% with MDC
	2869.7
	179.5
	33.46

	Initial BLER 30% without MDC
	2799.6
	172.0
	31.84

	Initial BLER 30% with MDC
	2800.9
	175.4
	33.47


Table 6. Throughput results
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Figure 3.  Comparisons of MDC gain
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Figure 4.  Fairness curves

4 Conclusion
Based on the agreed simulation assumption and guideline, the performance of uplink macro diversity is investigated with system level simulation. From the simulation results, we observed small gain with the proportional fair time scheduling in the full buffer traffic model as following. 
· Gain of user throughput of the inter-NodeB SHO UEs
: 0.54 ~1.97 %
· Gain of user throughput at 5% CDF
: 3.18 ~ 5.1 %
References

[1] RP-050634, “Alignment of MDC simulation assumptions for RAN WG1”, NTT DoCoMo, China Mobile, Ericsson, Fujitsu, Motorola, NEC, Nokia, Nortel, Orange, Panasonic, Samsung, Siemens, T-Mobile, Telecom Italia, Telia Sonera, Vodafone, RAN #29
[2] R1-050679, “Text proposal: Principles for the Evolved UTRA”, Drafting group1, RAN WG1 LTE Ad Hoc 
Contact person:
Heo, Youn Hyoung (hush.heo@samsung.com)









_1186694438.unknown

_1186694533.unknown

_1189863228.unknown

_1189863988.unknown

_1189863246.unknown

_1186791822.unknown

_1186694494.unknown

_1112602903.unknown

_1122119313.unknown

_1173513623.unknown

_1119743351.unknown

_1112602884.unknown

_1104841196.unknown

