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1
Introduction
This contribution describes a basic framework to evaluate the system performance of the various Multi-Point HSDPA schemes. 

2
Terminologies

For a UE with Multi-Point HSDPA enabled, the original serving cell is called the serving HS-DSCH cell and the additional serving cell is called the secondary serving HS-DSCH cell. For a particular cell, the legacy UEs who have this cell as their serving HS-DSCH cell and the Multi-Point HSDPA capable UEs who have this cell as their  serving HS-DSCH cell are called primary UEs; the Multi-Point HSDPA capable UEs who have this cell as their secondary serving  HS-DSCH cell are called secondary UEs.  

3
Basic System Level Parameters

The following basic simulation assumptions are used for the performance evaluation in the system with regular Node Bs. Some additional assumptions will be discussed in the next section.
Table 1: System Simulation Assumptions for MP-HSDPA

	Parameters
	Comments

	Cell Layout
	(1) Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around
(2) Deployment with Remote Radio heads (see Section 4 )
(3) Hexagonal grid, 19 Node B, 6 sectors per Node B with wrap-around (optional)

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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Mandatory: 

                                                                      = 70 degrees,

                                                                 Am = 20 dB
Optional: 
(1) (3D ant) Kathrein Antenna Pattern with 7 deg downtilt

(2) (3D ant) Based on 36.814, table A.2.1.1.2 (*)
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== 70 degrees, Am = 25 dB
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= 10,  SLAv  = 20 dB
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The parameter 
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  is the electrical antenna downtilt. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5 m.


	Number of UEs/cell
	1, 2, 4, 8, 16, 32

UEs dropped uniformly across the system

	Channel Model
	PA3, VA3
Fading across all pairs of antennas is completely uncorrelated.

	CPICH Ec/Io
	-10 dB

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB,
R1b (reporting range constant) = 6 dB
CIO = 3dB (DF-DC schemes)

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

-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 

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 estimation noise may be added

	Number of H-ARQ processes
	6

	Maximum active set size
	3

	Traffic
	Bursty Traffic Source Model

File Size: Truncated Lognormal,  
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 , Mean = 0.125 Mbytes Maximum = 1.25 Mbytes
Inter-arrival time: Exponential, Mean = 5 seconds

	OCNS
	 OCNS=0, namely all sectors transmit at full power only when they have data. 

	Candidate Schemes
	Multiflow schemes:

(1) SF-DC Aggregation

(2) SF-DC Switching

(3) DF-DC Aggregation

(4) DF-4C Aggregation (optional)
(5) DF-4C Switching (optional)
See Section 5 for more details

HS-SFN schemes:

(1) HS-SFN with DDTx

(2) HS-SFN with feedback



	DL Scheduling
	The companies should describe the scheduling used. One example scheduling approach described below
· For Intra-NodeB aggregation, a single scheduler is assumed.

· For Inter-NodeB aggregation, the scheduler at each cell is independent without any information exchange. 
· For a UE i, served by cell k, either as the primary or secondary serving cell, its priority is the classic PF metric: Rreq, i,k/( αi,k Rserved,i,k) where Rreq, i,k is the requested data rate based on CQI, Rserved,i,k is the average served rate and αi,k is a scaling factor. 

· For each cell, two classes of UEs are defined during scheduling,
· Class A: UEs that have this cell as serving (via strongest link).
· Class B: UEs that do NOT have this cell as serving (via weaker link).
· The used prioritisation mechanism between Class A and Class B UEs shall be described.

	Number of MAC-ehs entities
	· For Intra-NB schemes, there is only one MAC-ehs entity at the UE. 

· For Inter-NB schemes, there are two MAC-ehs entities at the UE, one for each cell

	RLC layer modeling
	(1) Ideal
(2) Realistic (optional) – Approach used should be described. (Note 1) 

	Iub Flow control modeling
	(1) Ideal 
(2) Realistic (optional) – Approach used should be described. (Note 1) 

	HS-DPCCH Decoding
	(1) Ideal 
(2) Realistic (optional) – Approach used should be described.

	MP-HSDPA   UE capabilities
	All MP-HSDPA UEs are capable of 15 SF 16 codes and 64QAM for each cell 

Percentage of MP-HSDPA capable Ues : 100% and 30% 
Note : In the baseline when MP-HSDPA UEs are replaced with non-MP-HSDPA UEs, the receiver type remains the same. Eg : In the baseline when 30% SF-DC-HSDPA UEs are replaced with non SF-DC-HSDPA UEs, these UEs are still capable of Type 3i receiver.

	Legacy UE capabilities
	(1) Single Rx LMMSE (Type 2)

	UE distribution 
	UEs uniformly distributed within the system (mandatory)

Loading ratio between heavily loaded and lightly loaded cells: 3:1 (optional)
· The heavily loaded cells are (0,1,8)

	Secondary serving cell
	The secondary strongest cell in the UE active set, based on path loss and shadowing, is the secondary serving cell. For Intra-NB schemes, secondary serving HS-DSCH cell is further restricted to be at the same Node B as the primary serving cell

	CQI Estimation (HS-SFN schems)
	Realistic: CQI estimation model in HS-SFN receiver should be described

	CQI Impact

(HS-SFN schemes)
	Realistic:  How CQI impact in non HS-SFN users is modeled should be described


Note 1: One example of realistic RLC modeling and realistic Iub Flow control modeling was presented in [15]. 
4
Remote Radio Head (RRH) layout 

The 6-cell RRH layout is illustrated in Figure 1 where the same colored cells correspond to a set of cells controlled by a single NodeB. There are 3 RRH clusters in the system. When non-uniform loading is simulated, the heavily loaded cells are  (0,1,8). 
[image: image8.png]



Figure 1  A network of 6-cell RRH. 

5
Candidate MP-HSDPA schemes
5.1 
SF-DC Aggregation

In this scheme:

· Each of a pair of cells can simultaneously schedule a transport block on the HS-DSCH to the UE in the same frequency
· The two cells can 

· belong to the same NodeB (Intra-NodeB aggregation) or

·  belong to non-colocated  NodeBs (Inter-NodeB aggregation)
· The HS timing between the two cells may be asynchronous

· The UE monitors HS-SCCH on both cells 

· The ACK/NACK and CQI information for each cell are transmitted jointly per TTI
· In the Inter-NodeB case, both cells decode the HS-DPCCH
· The UE is capable of a Type 3i receiver per cell.
The reference case for this scheme should be single carrier HSDPA
5.2 
SF-DC Switching

In this scheme:

· One out of two cells can schedule a transport block on the HS-DSCH in to the UE in the same frequency

· The two cells belong to the same NodeB (Intra-NodeB aggregation)
· The choice of cell that schedules the transport block can be based on the CQI feedback (i.e. cell that has the stronger CQI)
· The HS timing between the two cells may be asynchronous
· The UE monitors HS-SCCH on both cells
· The ACK/NACK and CQI information for each cell are transmitted jointly per TTI 
· The H-ARQ retransmission in a particular TTI to a UE can be scheduled on either cell
· The UE has a single Rx antenna and is capable of LMMSE per cell
The reference case for this scheme should be single carrier HSDPA
5.3 
DF-DC Aggregation
In this scheme:
· The UE is configured on a pair of frequencies (f1, f2)

·  Each of a pair of cells can simultaneously schedule a transport block on the HS-DSCH to the UE.

· The two cells can 

· be on the same frequency (f1 or f2) or  on
· a different frequency 

· one cell on f1

· other cell on f2

· belong to the same NodeB (Intra-NodeB aggregation) or

·  belong to non-colocated  NodeBs (Inter-NodeB aggregation) 

· The HS timing between the two cells may be asynchronous

· The UE monitors HS-SCCH on both cells 
· The ACK/NACK and CQI information for each cell are transmitted jointly per TTI on a single frequency
· The UE has a single Rx antenna and is capable of LMMSE per cell.
The reference case for this scheme should be DC-HSDPA as in Rel-8. In particular, the baseline scheme(s) correspond to a hotspot scenario where one sector transmits on two frequencies (f1,f2) and the neighboring sector transmits on a single frequency as described in [6].
5.4
DF-4C Aggregation

This scheme is a natural extension of SF-DC aggegation.

In this scheme:

· The UE is configured on a pair of frequencies (f1, f2)

·  On each frequency, each of a pair of cells can simultaneously schedule a transport block on the HS-DSCH to the UE.

· The pair of cells can belong to the same NodeB (Intra-NodeB aggregation)

· The pair of cells can belong to the same NodeB (Inter-NodeB aggregation)
· A maximum of four transport blocks can be scheduled to the UE during a TTI. 

· The HS timing between the two cells may be asynchronous

· The ACK/NACK and CQI information for each of the four cells are transmitted jointly per TTI.
· The UE is capable of a Type 3i receiver per cell.

The reference case for this scheme should be DC-HSDPA as in Rel-8.
5.5 
DF-4C Switching
This is a natural extension of SF-DC switching.

In this scheme:

· The UE is configured on a pair of frequencies (f1, f2)

·  On each frequency, one out of two cells can schedule a transport block on the HS-DSCH in to the UE in the same frequency.

· The pair of cells belong to the same NodeB (Intra-NodeB aggregation)

· The choice of cell between the two cells that schedules the transport block can be based on the CQI feedback (i.e. cell that has the stronger CQI)

· A maximum of two transport blocks can be scheduled to the UE during a TTI. 

· The HS timing between the two cells may be asynchronous

· The ACK/NACK and CQI information for each of the four cells are transmitted jointly per TTI.
· The UE has a single Rx antenna and is capable of LMMSE per cell

The reference case for this scheme should be DC-HSDPA as in Rel-8.
5.6
HS-SFN with DDTx

In this scheme:

· One out of two cells operating in the same frequency can schedule a transport block on the HS-DSCH in to the UE, while the other cell does not send anything on HS-DSCH on the corresponding TTI

· The two cells belong to the same NodeB (Intra-NodeB aggregation)

· The choice of cell that schedules the transport block can be based on the CQI feedback (i.e. cell that has the stronger CQI)

· The HS timing between the two cells may not be asynchronous

· The UE monitors HS-SCCH on both cells 

· The ACK/NACK and CQI information for each cell are transmitted jointly per TTI 

· The UE may havea single Rx antenna only

The reference case for this scheme should be single carrier HSDPA.

5.7
HS-SFN with Feedback

In this scheme:

· Each of a pair of cells synchronously transmits the bit-exactly same transmission on the same HS-PDSCH codes using the same scrambling code and the same frequency to the UE so that the signals ‘SFN-combine’ over the air and the UE receiver sees just one multipath signal

· The two cells  belong to the same NodeB (Intra-NodeB aggregation)
· The HS timing between the two cells is synchronous
· The transmit phase of each cell may be adjusted (multipoint MIMO)

· The power delay profile of each cell may be adjusted

· The UE monitors HS-SCCH on the serving cell only

· The UE may have a single Rx antenna only

The reference case for this scheme should be single carrier HSDPA
5.8
Assumptions specific to candidate schemes

Table 2 summarizes the assumptions specific to each of the candidate schemes described in this section.
Table 2: Assumptions specific to candidate MP-HSDPA schemes
	Scheme
	UE receiver

	SF-DC Aggregation
	Type 3i

	SF-DC Switching
	Type 2  or Type 3

	DF-DC Aggregation
	Type 2 or Type 3

	DF-4C Aggregation
	Type 3i

	DF-4C Switching
	Type 2 or Type 3

	HS-DDTx
	Type 2 or Type 3

	HS-SFN
	Type 2 or Type 3


6
Performance metrics
6.1 
Metrics without modeling RLC or Iub flow control 
The following performance metrics should be compared between the reference case and the MP-HSDPA schemes: 

·    Sector throughput at different number of users (N)

· Normalized and un-normalized user burst rate distribution (CDF)

· User burst rate gain at different user burst rate percentiles or geometries: This would be the user throughput improvements as a function of the user-quantile (relative improvement of average per-user burst rate over user-quantile, e.g. by how much did the burst rate of the worst 10% of users improve). This metric can demonstrate any cell edge user performance enhancement
· User burst rate gain for UEs in softer and soft handover 

· CDF of user burst rates for UEs in softer and soft handover

· PER after all the HARQ retransmissions
· Error rate of HS-DPCCH decoding 
· Fraction of UEs in softer and soft handover

· In addition to the burst rate gain for all UEs in the system user burst rate gain for those UEs in the 3 heaviest loaded cells should also be reported in the case of non-uniform loading 
· In addition to the CDF of the user burst rate gain for all UEs in the system the CDF of user burst rate gain for those UEs in the 3 heaviest loaded cells should also be reported in the case of non-uniform loading
For the MP-HSDPA schemes, the performance metrics should be evaluated separately for the MP-HSDPA capable UEs and the non MP-HSDPA capable UEs.
6.2 
Additional metrics with RLC or Iub flow control modeled

The following performance metrics are helpful to evaluate the impact from the out-of-order MAC reception at the UE: 

· RLC retransmission rate
· RLC layer throughput
· PDF of RLC packet delay: the delay is calculated as the time between when the RLC packet is constructed at the RNC until it is delivered by UE RLC receiver to upper layers; RLC packets discarded after maximum number of retransmissions should be counted separately
7
Conclusions

In this contribution, we have proposed a set of system simulation assumptions to be used for evaluating the performance with Multi-Point HSDPA schemes. 
8
References
[1] R1-104157, “On deploying DC-HSDPA UEs in Single Frequency Networks”, Qualcomm Incorporated, 3GPP RAN1#61-bis
[2] R1-104738. “Further benefits of deploying DC-HSDPA UEs in Single Frequency Networks”, Qualcomm Incorporated, 3GPP RAN1#62.
[3] R1-105640. “Further System Performance Evaluation of SF-DC”, Qualcomm Incorporated, 3GPP RAN1#62bis.
[4] R1-104913, “Multi-cell transmission techniques for HSDPA”, NSN, Nokia, 3GPP RAN1#62.
[5] R1-106334, “Summary of candidate schemes for cell aggregation/switching in HSDPA”, Qualcomm Incorporated, 3GPP RAN1#63. 
[6] R1-106335, “System Performance Evaluation of DF-DC”, Qualcomm Incorporated, 3GPP RAN1#63. 
[7] R1-106251, “Multi-point transmission techniques for HSDPA”, by Ericsson, ST-Ericsson, 3GPP RAN1#63.
[8] R1-106252, “Some aspects of DC-HSDPA operation in single frequency network”, ZTE. 

[9] R1-106393, “System performance of SFDC-HSDPA”, Huawei, HiSilicon.
[10] R1-081706, “Simulation Assumptions for DC HSDPA Performance Evaluations”, Qualcomm Europe, Ericsson, Nokia, Nokia Siemens Networks, 3GPP RAN1 #52bis. 
[11] R1-090505, “System Simulation Assumptions for Multiple Carrier (3, 4) HSDPA Operation”, Qualcomm Europe, Ercisson, Samsung, Nokia, Nokia Siemens Networks, Huawei.
[12] R1-090506, “System Simulation Assumptions for Dual Carrier HSDPA and DL MIMO Operation”, Qualcomm Europe, Ericsson, Samsung, Nokia, Nokia Siemens Networks, Huawei.
[13]  R1-090507, “System Simulation Assumptions for Inter-Band Multi-Carrier HSDPA Operation”, Qualcomm Europe, Ercisson, Samsung, Nokia, Nokia Siemens Networks, Huawei.
[14]  R1-090508, “System Simulation Assumptions for Dual Carrier HSUPA Operation”, Qualcomm Europe, Ercisson, Samsung, Nokia, Nokia Siemens Networks, Huawei.
[15] R1-110126, “DL Scheduling, RLC and Flow Control assumption for Inter-NodeB Multi-Point Transmissions”, Qualcomm Inc., 3GPP RAN1 #63. 








































































































































































































































































� EMBED Equation.3  ���





� EMBED Equation.3  ���














1
1/9

[image: image11.wmf]dB

3

q

[image: image12.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

_1338729983.unknown

_1357666918.unknown

_1263286141.unknown

_1263286178.unknown

