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1. Introduction
In this contribution, we propose a set of system simulation assumptions to evaluate inter-band multi-carrier (MC) downlink performance in HSPA.
2. Basic system level parameters

In general, the parameters listed below are the same as those in [4]-[7]. The table is identical to the table in [1], with some exceptions (text in red) that are specific to inter-band multi-carrier operation.
Some parameters or algorithms will be left open for each company to pick its favourite. These are marked with an asterisk (*).
Table 1: System Simulation Assumptions for Inter-Band MC-HSDPA

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m, 2800m

	Carrier Frequency [Band 1, Band 2]
	[2000 MHz, 900 MHz]

	Path Loss- Band 1

Path Loss- Band 2
	L=128.1 + 37.6log10(R), R in kilometers
L=120.9 +37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 
Inter-Band Correlation : 0.9

	Number of Carriers in each band
[Band 1, Band 2]
	[1, 1], [2,1],  [2,2]

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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                                                                              = 70 degrees,

                                                                       Am = 20 dB

	Channel Model
	 PA3, VA3
(*) VA30 
Fading across carriers is independent for non adjacent carriers.

(*) Fading models for adjacent carriers:
- Fading across carriers is completely uncorrelated.
- Fading correlation across carriers is modeled using some practical approach (optional)
- Fading across carriers is completely correlated

	Penetration loss
	10 dB

	CPICH Ec/Ior
	-10 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

(*) Power allocation: 

- Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER, or 

- Total available power for HS-PDSCH is 75% of Node B Tx power, with a fixed HS-SCCH transmit power and an ideal decoding, or 
 (*) HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	HS-DPCCH 
	9 slot CQI delay

CQI bias is 0 and CQI estimation noise is Gaussian with 1 dB std

(*) CQI quantization may or may not be modeled

Error-free CQI and ACK decoding
CQI feedback cycle  = 1, 2 TTI
(*) CQI feedback cycle  = 4 TTI

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	UE capabilities
	15 SF 16 codes capable per carrier

	UE Receiver Type
	Type 3 for both single carrier and DC-HSDPA (*) Realistic C/I estimation 

	Maximum Sector 

Transmit Power
	43 dBm per carrier

	Other Sector Transmit Power
	(*) If OCNS=1, all other sectors always transmit at full power; 

(*) If OCNS=0, other sectors transmit at full power only when they have data. 



	Timing
	The two carriers have the same time reference and their downlinks are synchronized. 

	Serving cell
	The serving cells on both carriers belong to the same sector. 

	Traffic model
	Full buffer and Bursty Traffic Model (as specified in Section 3)

	Queuing and Scheduling
	Joint-queue (**) and Proportional Fair (e.g. as specified in Appendix A)

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	1, 2, 4, 8, 16, 32, 64
In addition, other number of UEs per sector can also be considered.


(*) Parameters or algorithms possibly different between companies.

(**) The data on both carriers in DC HSDPA share the same queue at the Node B.
2.1. 
Carrier Frequency

The addition of Band 2 of 900 MHz is just an example. 
2.2. 
Number of Carriers in each band

Allowing for all 3 combinations i.e. [1,1], [2,1],  [2,2] is not intended to be the only choice to be specified.
2.3. 
Inter-Band Log Normal Fading Correlation Model
One of the most significant sources of shadowing is signal blocking from buildings and terrain. Diffraction plays a crucial role in such blocking phenomena. Since diffraction is frequency dependent, it is reasonable to assume that shadowing parameters are also frequency dependent [2]. This is confirmed by the field study by Mogensen et . el.[3]. The shadowing correlation of 0.9 is inferred from [3]. 
2.4.    900 MHz Path Loss Model
The pass loss model is cited in 25.814
2.5.    Penetration Loss
2.5.1. Penetration loss across bands
Literature survey reveals penetration loss is also frequency dependent [2]. However, the amount of variance may not be significant compared with the 10dB penetration loss typically assumed in system simulations. Therefore, only the fixed penetration loss of 10 dB is kept. 
3. Traffic models

There are two types of traffic: full buffer and bursty traffic. 

Full buffer traffic assumes that each user always has data. 

The following simple model is used for bursty traffic: the burst size is log-normally distributed as in FTP traffic model described in [4] but with the parameters described in the following table.. There is no underlying transport protocol modeled. The inter-burst time is the time between the arrival of two consecutive bursts.

Table 2: Bursty Traffic Channel Model Parameters

	Component
	Distribution


	Parameters


	PDF



	File size (S)
	Truncated Lognormal
	Mean = 0.5 Mbytes

Std. Dev. = 0.1805 Mbytes

Maximum = 1.25 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec, 20 sec
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4. Downlink Scheduling Schemes
Table 3 lists the different downlink scheduling schemes.

Table 3: Downlink Scheduling Schemes

	Scheduling strategy
	3 Carriers
	4 Carriers
	DC+MIMO 

	Joint scheduling
	f1/f2/f3
	f1/f2/f3/f4 
	f1/f2

	(*) Group joint scheduling*
	Group1 f1/f2
Group2 f3
	1） Group1 f1/f2

 Group2 f3/f4

2） Group1 f1/f2/f3
 Group2 f4


	

	(*) Independent scheduling
	1） f1
2） f2
3） f3 
	1） f1
2） f2
3） f3
4） f4 


	1） f1
2） f2


Note1: Group joint scheduling means doing joint scheduling in the group and independent scheduling between the groups. 
5. Simulation scenarios and performance metrics

5.1. Bursty traffic

Assuming there are K (3 or 4) carriers and altogether K*N users per sector. In the single carrier system, there are N users in each carrier. In MC-HSDPA, all K*N users use K carriers.

The following performance metrics should be compared between the single-carrier system and inter-band MC-HSDPA:

· Average burst rates at different number of users (N) 

· The burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system

· The total time the burst spent in the system is the time difference measured between the instant the data burst arrives at the Node B and the instant when the transfer of the burst over the air interface is completed. 

· The total time the burst spent in the system is equal to the sum of the transmission time over the air and the queuing delay.

· Total system throughput in each carrier and across all the carriers 
· Normalized and un-normalized user throughput distribution (CDF) in each carrier and across all the carriers
5.2. Full buffer traffic and balanced load between multiple carriers

Assuming there are K(3 or 4) carriers and altogether K*N users per sector. In the single carrier system, there are N users in each carrier. In MC-HSDPA, all K*N users use K carriers. 

The following performance metrics should be compared between the single-carrier system and inter-band MC-HSDPA: 

· Sector throughput at different number of users (N) in each carrier and across all the carriers
· Normalized and un-normalized user data rate distribution (CDF) in each carrier and across all the carriers
· User data rate gain at different user data rate percentiles in each carrier and across all the carriers: This would be the user throughput improvements as a function of the user-quantile (relative improvement of average per-user throughput over user-quantile, e.g. by how much did the throughput of the worst 10% of users improve). This is metric can demonstrate any cell edge user performance enhancement

· Average user throughput as a function of average sector throughput in each carrier and across all the carriers
5.3. Full buffer traffic and imbalanced load between multiple carriers

This is an optional scenario.
Without multicarrier operation, moving users across carriers is a slow procedure. Even if the network equalizes the number of users across carriers, in real life, there is no sustained full buffer traffic. The traffic for a particular user is bursty and the number of users simultaneously receiving packets in each carrier at any given time can be different. The gains in these situations can be shown by studying full buffer traffic with imbalanced number of users across carriers.

Assuming there are K(3 or 4)  carriers and altogether K*N users per sector, let Mk be the number of users in the k-th carrier, where (Mk=K*N and not all Mk are equal. In inter-band MC-HSDPA, all K*N users use K carriers. 

The following performance metrics should be compared between the single-carrier system and inter-band MC-HSDPA: 

· Sector throughput, in each carrier and across all the carriers, at different total number of users (K*N) and at different user-carrier association Mk with the same total number of users, 

· Normalized and un-normalized user data rate distribution (CDF) in each carrier and across all the carriers
· User data rate gain at different user data rate percentiles in each carrier and across all the carriers
· Average user throughput as a function of average sector throughput in each carrier and across all the carriers
Appendix A Proportional Fair Schedulers

In a single-carrier case, for a proportional fair scheduler, the priority for user k may be computed as follows:
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is the average served data rate computed as the IIR filtered average of instantaneous served rate 
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The default value of 
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is 1024 slots (0.68 second). 
The proportional fair principle can be extended to schedulers in MC HSDPA. One straightforward implementation is to use the single carrier proportional fair scheduler independently on each carrier.

Another implementation of a MC-HSDPA proportional fair is to define the scheduling metric on carrier i as the following: 
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Here
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 is the instantaneous requested rate on carrier i based on CQI and
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is the instantaneous served rates on the i-th carrier. Here the scheduler in each carrier makes individual decision in choosing users. The only information exchange between the carriers is
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