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1
Introduction
There has been recent interest in the multi-cell communication ([1] through [9]) where a UE in soft or softer handover is allowed to receive packets over the HS channel from multiple cells. The main motivations include improving the cell edge performance and improving resource utilization under uneven loading conditions. 

This contribution describes a basic framework for evaluate the system performance of the various Multi-Point HSDPA schemes. Most of the simulation assumptions are the same as the evaluation methodologies used in evaluating DC-HSDPA[10] and its enhancements in Rel. 9([11] through [14]). 

2
Terminologies

For a UE with Multi-Point HSDPA enabled, the original serving cell is called the primary serving cell and the additional serving cell is called the secondary serving cell. For a particular cell, the legacy UEs who have this cell as their serving cell and the Multi-Point HSDPA capable UEs who have this cell as their primary serving cell are called primary UEs; the UEs Multi-Point HSDPA capable UEs who have this cell as their secondary serving 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 Multi-Point-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 4.2)

	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: Kathrein Antenna Pattern with 7 deg downtilt

	Channel Model
	PA3 

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 

	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

	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. 

	RLC and iub flow control modeling
	Ideal (mandatory) and realistic (optional) (see further discussion in Section 4.3)

	HS-DPCCH Decoding
	Ideal (mandatory) and realistic (optional) (see further discussion in Section 4.4)

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

Percentage of Multi-Point HSDPA capable UEs : 100% and 50% 

	UE distribution 
	UEs uniform within each cell

Loading ratio between heavily loaded and light loaded cells: 1:1 and 3:1. 
With 19-NB layout, the center Node B is heavily loaded

With RRH layout, half of the cells in RRH are heavily loaded (see Section 4.2)

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


4
Additional simulation assumptions
4.1 
Assumptions specific to candidate schemes 





Table 2  Assumptions specific to candidate Multi-Point HSDPA schemes
	Scheme
	Intra-NB or Inter-NB
	Node B type
	UE receiver
	Remark

	SF-DC Aggregation
	Intra-NB
	6-cell RRH
	Type 3i
	

	
	Inter-NB
	3-cell regular NB
	Type 3i
	

	SF-DC Switching
	Intra-NB
	6-cell RRH
	Single Rx
	

	DF-DC Aggregation
	Inter-NB
	3-cell regular NB
	Single Rx
	Center NB has 2 carriers and the rest of NBs have only 1 carrier

	DF-4C Aggregation
	Intra-NB
	6-cell RRH
	Type 3i
	

	
	Inter-NB
	3-cell regular NB
	Type 3i
	

	DF-4C Switching
	Intra-NB
	6-cell RRH
	Single Rx
	


4.2
6-cell RRH layout 

The 6-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 (1, 6, 8), (4, 29, 27) and (10, 33, 35). 
[image: image2.png]



Figure 1  A network of 6-cell RRH. 

4.3 

Assumptions for MAC/RLC

Transmission delay of RLC Status PDUs on the uplink should be modelled. A simple fixed delay can be used. 

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. The RLC PDUs may be delivered to the UE RLC receiver out-of-order. This is called skew. The algorithm described in [15] should be used to mitigate the effect from skew. 
The following MAC-ehs schedulers should be used: the MAC-ehs schedulers at the primary and secondary serving cells are independent without any coordination or information exchange; all the UEs are subject to the Proportional Fair metric for the scheduling.  More discussions on the MAC-ehs scheduler are in [15]. 
An Iub flow control algorithm is also described in [15]. In the flow control algorithm the primary serving cell and secondary serving cell generate flow control requests to the RNC periodically; the amount of data requested from the RNC depends on the UE throughput and current queue length in that cell; in response to the flow control requests, the RNC prioritizes the primary UEs by ignoring the request from a secondary UE in a cell if any of the primary UEs in that cell have non-empty queues at the RNC. 
4.4       HS-DPCCH decoding

The realistic HS-DPCCH decoding should model the correlation based decoder of the ACK channel. All 9 code words in the Rel.8 DC-HSDPA codebook should be included at each decoding instance. 

5
Performance metrics
5.1 
Metrics without modeling RLC or Iub flow control 
The following performance metrics should be compared between the legacy system and the system with Multi-Point HSDPA: 

·    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 
· PER after all the HARQ retransmissions
· Error rate of HS-DPCCH decoding 

5.2 
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 to UE RLC receiver; RLC packets discarded after maximum number of retransmissions should be counted separately
6
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. 
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