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1 Introduction
In [1], through semi analytical computation, we showed that single stream MIMO operation in conjunction with SF-DC operation has worse performance than SIMO SF-DC operation when the background interference level is high. 

In this document, we present link simulation results for SIMO and MIMO operation in conjunction with Multiflow HSDPA. In SF-DC operation, two cells serve the UE in the same frequency and the UE relies on its Type3i receiver to reject the interference from the opposing cell. 
When MIMO is configured for a cell the interference structure becomes more complicated than SIMO operation without beamforming. The serving and non-serving NodeBs transmit data and control channels in different directions which make it challenging for a Type 3i receiver to resolve.

The following mode can be configured for MIMO operation:
· Restricted operation: When only single stream MIMO is allowed from each participating cell.
· Unrestricted operation: Single or Dual stream operation is possible from both cells.

On the other hand, if SF-DC transmissions are simulated, the data (HS-PDSCH) is transmitted from the primary antenna as are the overhead channels. We also consider the presence of S-CPICH in cells when simulating SF-DC, i.e., the UE experiences interference from S-CPICH transmission. 

The link simulation sum throughput results can be summarized as follows.
· The SF-DC configuration performs the best in most scenarios (channel models, interference and noise power levels).
· SF-DC sum throughput loss due to additional S-CPICH overhead is small. Therefore, SF-DC operation in MIMO cells offers as much gain as in non-MIMO cells.
· MIMO configurations (restricted and unrestricted ranks) sum throughput loss compared to that of SIMO can be over 35% in some cases.
· MIMO with restricted rank operation (single stream only) outperforms MIMO with unrestricted rank operation (single and dual stream).
2 System Model

We consider a two cell SF-DC setup as shown in Figure 1. Cell A is the serving cell while cell B is the cell in the active set and is capable of serving the UE simultaneously. We assume the rest of the interference is AWGN noise without any directionality. This is the general model that applies to both intra-Node B SF-DC and inter-Node B SF-DC. 
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Figure 1 Two cell SF-DC setup

We focus on a single 2 by 2 single path MIMO channel. The system equation could be mathematically modeled as 
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in which

· 

 is the 2 by 1 received signal

· 

 and 

 represent the 2 by 2 MIMO channel between the cell A (B) and the UE.

· 

 is the beam used for overhead, including P-CPICH, P-CC PCH, etc. 

· 

 is the beam used for S-CPICH

· 

 and 

 are the beams used for HS-PDSCH in cells A and B respectively

· 
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is the 2 by 1 AWGN noise with each entry having noise variance of 
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 to model the background nose including interference from all other cells and thermal

· 
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,  are chips corresponding to overhead, S-CPICH and HS-PDSCH that are transmitted from cells A and B respectively and are assumed to have unit energy.

Note that the system equation applies to both the case when VAM is not used and the case when VAM is used. The use of VAM only changes the channel 

 and 

. Given the system equation we could compute the optimum linear MMSE receiver for the detection of 
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 from cell A and 
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 from cell B. Given the optimum linear receiver, the Signal to Noise Ratio (SNR) can be expressed as 
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In the SNR computation, 
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denotes the identity matrix of size 2 by 2.
In the simulation, the channels from the antennas and the cells are estimated and the SNR is computed in order to determine the precoding weights to be fed back to the NodeBs. The NodeBs schedule data based on the signaled PCI and CQI.

3 Simulation Assumptions

3.1 Parameter Assumptions
A set of link simulation assumptions is shown in Tables 1&2. 

Table 1: Link Level Simulation Assumptions

	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	S-CPICH Ec/Ior
	-13dB

	P-CCPCH_Ec/Ior
	-12dB

	SCH_Ec/Ior
	-12dB

	PICH_Ec/Ior
	-15dB

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	See Table 2

	OCNS
	None

	Spreading factor for

HS-PDSCH
	16

	NodeB Power Balancing Network
	None

	Modulation
	QPSK, 16-QAM

	TBS
	Variable

	HSDPA Scheduling Algorithm
	CQI based

	Geometry
	See Table 2

	CQI Feedback Cycle
	1 TTI

	CQI feedback error
	0 %

	HS-DPCCH ACK/NACK feedback error
	0 %

	Maximum number of HS-DSCH codes
	15

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmissions
	4

	HARQ Combining
	Incremental Redundancy

	Redundancy and constellation version coding sequence
	{0,3,2,1} for QPSK

and 16-QAM 

	Target Number of H-ARQ Transmissions
	1

	Residual BLER
	10% after 1 transmission

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	Precoding weight vector determination
	SNR maximizing

	Quantization of Precoding vector
	Quantized

	PCI/CQI Feedback delay
	12 slots

	Precoding Feedback error rate
	0%

	Precoder update rate
	3 slots

	Propagation Channel Type
	PA3, VA3, PB3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Spatial temporal LMMSE receiver

	Antenna imbalance [dB]
	0

	Tx Antenna Correlation
	0

	Rx Antenna Correlation
	0


Table 2: Power and Noise Setting for Cell 1&2
	Ior1/Ior2 (dB)
	Ior1/No (dB)
	Geometry of Cell 1 (dB)
	Geometry of Cell 2 (dB)

	0
	0
	-3.0103
	-3.0103

	
	5
	-1.1933
	-1.1933

	
	10
	-0.4139
	-0.4139

	
	15
	-0.1352
	-0.1352

	
	20
	-0.0432
	-0.0432

	3
	0
	-1.7643
	-6.0103

	
	5
	0.8756
	-4.1933

	
	10
	2.2099
	-3.4139

	
	15
	2.7343
	-3.1352

	
	20
	2.9142
	-3.0432

	6
	0
	-0.9732
	-9.0103

	
	5
	2.461
	-7.1933

	
	10
	4.5446
	-6.4139

	
	15
	5.485
	-6.1352

	
	20
	5.8305
	-6.0432


3.2 Other Assumptions

We consider the following configuration pairs in the simulations. They are shown in the format of Cell1/Cell2 where Cell1 corresponds to the serving cell and Cell2 corresponds to the non-serving cell.
· S/S: 

· When both cells are capable of only SIMO (1x2) operation
· S+SCPICH/S+SCPICH: 

· When both cells are MIMO capable cells but the UE is configured with SIMO (1x2) operation.

· M1/M1: 

· When both cells are MIMO capable but the UE is configured only with single stream MIMO.

· M/M : 

· When both cells are MIMO capable and the UE is configured in MIMO mode with fallback to single stream.

4 Simulation Results

Sum throughput of Cells 1& 2 are shown.
4.1 PA3 Channel
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Figure 2: Sum throughput: PA3 channel, Ior1/Ior2=0dB
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Figure 3: Sum throughput: PA3 channel, Ior1/Ior2=3dB
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Figure 4: Sum throughput: PA3 channel, Ior1/Ior2=6dB


	


4.2 VA3 Channel
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Figure 5: Sum throughput: VA3 channel, Ior1/Ior2=0dB
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Figure 6: Sum throughput: VA3 channel, Ior1/Ior2=3dB
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Figure 7: Sum throughput: VA3 channel, Ior1/Ior2=6dB

	


4.3 PB3 Channel
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Figure 8: Sum throughput: PB3 channel, Ior1/Ior2=0dB
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Figure 9: Sum throughput: PB3 channel, Ior1/Ior2=3dB
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Figure 10: Sum throughput: PB3 channel, Ior1/Ior2=6dB


	


4.4 MIMO Sum Throughput Loss Compared to SIMO
The sum throughput loss of MIMO against SIMO MP-HSDPA can be seen in Tables 3, 4 and 5.
Table 3: Sum Throughput Loss for PA3 Channel
	PA3

	Ior1/Ior2
	Ior1/No
	Cell1 Geo (dB)
	Cell2 Geo (dB)
	S+SCPICH/S+SCPICH over S/S (%)
	M1/M1 over S/S (%)
	M/M over S/S (%)

	 
	0 dB
	-3.0103
	-3.0103
	-8.8847
	4.2533
	4.8204

	0 dB
	10 dB
	-0.4139
	-0.4139
	-5.6464
	2.2228
	-3.2703

	 
	20 dB
	-0.0432
	-0.0432
	-3.9402
	-21.4736
	-26.7614

	 
	0 dB
	-1.7643
	-6.0103
	-9.8771
	3.8752
	5.3875

	3 dB
	10 dB
	2.2099
	-3.4139
	-5.3517
	2.026
	-4.2686

	 
	20 dB
	2.9142
	-3.0432
	-2.9412
	-21.917
	-25.8361

	 
	0 dB
	-0.9732
	-9.0103
	-10.2229
	-1.2112
	-2.6647

	6 dB
	10 dB
	4.5446
	-6.4139
	-4.5189
	-4.4301
	-9.5329

	 
	20 dB
	5.8305
	-6.0432
	-2.22
	-21.9408
	-26.9759


Table 4: Sum Throughput Loss for VA3 Channel

	VA3

	Ior1/Ior2
	Ior1/No
	Geometry of Cell 1 (dB)
	Geometry of Cell 2 (dB)
	S+SCPICH/S+SCPICH over S/S (%)
	M1/M1 over S/S (%)
	M/M over S/S (%)

	 
	0 dB
	-3.0103
	-3.0103
	-2.6183
	-15.2064
	-15.3072

	0 dB
	10 dB
	-0.4139
	-0.4139
	-3.714
	-13.432
	-17.8721

	 
	20 dB
	-0.0432
	-0.0432
	-2.3099
	-30.2416
	-36.5849

	 
	0 dB
	-1.7643
	-6.0103
	-4.175
	-19.1352
	-19.6819

	3 dB
	10 dB
	2.2099
	-3.4139
	-1.7148
	-12.2464
	-18.9626

	 
	20 dB
	2.9142
	-3.0432
	-1.4042
	-30.7393
	-35.0154

	 
	0 dB
	-0.9732
	-9.0103
	-5.6517
	-20.2648
	-21.8941

	6 dB
	10 dB
	4.5446
	-6.4139
	-3.2745
	-18.8144
	-23.8956

	 
	20 dB
	5.8305
	-6.0432
	-0.2613
	-29.818
	-32.0859


Table 5: Sum Throughput Loss for PB3 Channel

	PB3

	Ior1/Ior2
	Ior1/No
	Geometry of Cell 1 (dB)
	Geometry of Cell 2 (dB)
	S+SCPICH/S+SCPICH over S/S (%)
	M1/M1 over S/S (%)
	M/M over S/S (%)

	 
	0 dB
	-3.0103
	-3.0103
	-3.1926
	-20.4943
	-19.5675

	0 dB
	10 dB
	-0.4139
	-0.4139
	-2.5168
	-15.8619
	-21.5979

	 
	20 dB
	-0.0432
	-0.0432
	-1.0956
	-27.8685
	-34.8805

	 
	0 dB
	-1.7643
	-6.0103
	-3.7229
	-17.8387
	-19.8035

	3 dB
	10 dB
	2.2099
	-3.4139
	-0.8354
	-15.605
	-20.6027

	 
	20 dB
	2.9142
	-3.0432
	-0.8934
	-27.1472
	-33.198

	 
	0 dB
	-0.9732
	-9.0103
	-8.0303
	-24.2929
	-26.2121

	6 dB
	10 dB
	4.5446
	-6.4139
	-1.4
	-16.4082
	-23.393

	 
	20 dB
	5.8305
	-6.0432
	1.4521
	-25.5392
	-28.5287


4.5 Observation
The following can be observed from the results:

· When the noise power is low – which can be expected to be the case in most MIMO deployments- there is a sum throughput loss of MIMO with SF-DC when compared with SF-DC only

· The loss ranges from a few percentile points to as much as 36%
· When MIMO is restricted to single stream operation, the loss ranges from a few percentile up to 31%. The loss is smaller in this case due to the reduction of an additional source of interference.
· There are some gains observed in the PA3 channel - (about 2.5 to 4.5%) – of MIMO with SF-DC over SIMO SF-DC in scenarios that are noise limited – note that these are not typical operating conditions for MIMO
· In PB3 and VA3 channels, there is no gain under any scenario – instead the loss is consistently over 15%. 
Based on these results and observations, it is considered that MIMO operation should not be supported in conjunction with Multiflow HSDPA.
5 Conclusion
In this document, we present link results showing the performance of MIMO with Multiflow HSDPA. The scenarios simulated ranged over noise limiting to interference limiting scenarios and are typical of cases when SF-DC would be applied. Results were shown for PA3, VA3 and PB3 channels.

Performance results in terms of sum throughput show a significant loss when MIMO is configured with SF-DC in almost all scenarios and channels simulated. Restriction to single stream operation did decrase the loss incurred but did not provide any gains. The loss is due to the additional interfering signal directions that cannot be resolved by the UE, making it harder for the UE receiver to reject the interference. Based on the results and observations, the following is proposed:
Proposal 1: MIMO operation is not supported in Multiflow HSDPA.
6 References
[1] R1-114016, “MIMO in MP-HSDPA”, Qualcomm Inc.


_1381843040.unknown

_1381843588.unknown

_1381906764.unknown

_1381939733.unknown

_1381939750.unknown

_1381906772.unknown

_1381843591.unknown

_1381843377.unknown

_1381843581.unknown

_1381843584.unknown

_1381843574.unknown

_1381843577.unknown

_1381843414.unknown

_1381843107.unknown

_1381843249.unknown

_1381843096.unknown

_1381842655.unknown

_1381842662.unknown

_1381842562.unknown

_1381842570.unknown

_1381842547.unknown

