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1 Introduction
In RAN#44 plenary meeting, the issue was raised that non-MIMO UEs suffer performance degradation in UTRAN networks with 2 TX antennas [1]. It was decided to study this issue in RAN1. In this document, we analyze the issue and provide some simulation results on the performance of legacy HSDPA users. Finally we discuss a possible way forward. 
2 Discussion
Currently practical network deployments with 2 TX antennas are rather limited, unless motivated by MIMO support. For a network deployed with 2 TX antennas, the MIMO and non-MIMO users may be served simultaneously. For the non-MIMO uesers with Rake receiver like R99 legacy users， The network deployment with 2 TX antennas has no impact on, them. STTD can still bring performance gain to these R99 legacy users. But for those non-MIMO users with LMMSE receiver, which mean legacy HSDPA users, performance loss will happen in this scenario of hybrid 2 TX antennas deployment. It is analyzed under different pilot configuration situation, as follows. 
· If P-CPICH is configured for both antennas with different pre-defined bit sequence, as used for MIMO and TX diversity, in order to maintain transmission power balance, UTRAN shall use STTD for the non-MIMO users’ transmission. Consequently, performance degradation will happen for these non-MIMO users due to the IPI. 

· If P-CPICH and S-CPICH are configured for the two antennas respectively, as used only for MIMO, and in order to maintain transmission power balance, the transmission for non-MIMO users can be distributed between the two antennas, by configuring different CPICH as phase reference for these users. The downlink traffic will be transmitted only on one antenna for a specific non-MIMO UE. Then, the UE’s receiver shall only equalize and filter the signals of this primary antenna. The signals of the other antenna will appear as unknown noise for the equalizer matched to the signals of the primary antenna and will be dealt with as adjacent cell interference. Therefore, compared to the deployment with a single antenna, the performance for those non-MIMO users degrades under the deployment with 2 TX antennas.  

3 Simulation Results
In the simulation, we focused on the performance of legacy HSDPA users with different pilot configurations in a cell with 2 TX antennas, as discussed above.  Table 1 lists the simulation assumptions used (only P-CPICH configured for the 2 TX antennas).
Table 1: HSDPA performance Simulation Assumptions
	Parameter 
	Assumption

	CPICH Ec/Ior
	-10 dB Total

	SCH Ec/Ior
	-12 dB

	P-CCPCH Ec/Ior
	-12 dB

	PICH Ec/Ior
	-15 dB

	FRC
	H-SET6

	CQI delay
	2 TTIs

	CQI feedback errors
	0 %

	ACK/NACK feedback errors
	0%

	Channel Estimation
	Realistic

	HS-SCCH
	Ideal

	Inter-cell interference
	White Noise

	Channel model
	PA, PB

	UE speed
	3 km/h

	Number of HARQ instances
	6

	Max number of transmissions
	4

	HS-PDSCH Ec/Ior
	-9dB, -6dB, -3dB

	Ior/Ioc 
	0dB, 10dB

	Receiver Type
	Type 2


Figure 1and 2 show the performance comparison between STTD in a 2 TX antennas network and SISO in a traditional 1 TX antenna network for legacy HSDPA users. 
For PA3, STTD will bring gain with higher Ec/Ior. For PB3, the stronger IPI causes big performance loss compared to the traditional 1 TX antenna network. The performance loss will be up to about 40%. 
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Figure 1: Ec/Ior vs Throughput (PA3, STTD pilot configured)
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Figure 2: Ec/Ior vs Throughput (PB3, STTD pilot configured)
Table 2 lists the simulation assumptions used. (P&S-CPICH configured for the 2 TX antennas).
Table 2: HSDPA performance Simulation Assumptions
	Parameter 
	Assumption

	P-CPICH Ec/Ior
	-10dB 

	S-CPICH Ec/Ior
	-10dB 

	SCH Ec/Ior
	-100dB

	P-CCPCH Ec/Ior
	-10dB

	PICH Ec/Ior
	-100dB

	HS-PDSCH Ec/Ior
	-1.55dB

	CQI Delay
	2TTIs

	CQI feedback errors
	0%

	ACK/NACK feedback errors
	0%

	HS-SCCH
	Ideal

	Inter-cell interference
	White Noise

	Channel Estimation
	Realistic

	Channel model
	PA,PB

	UE speed
	3km/h

	Number of HARQ instances
	6

	Max number of transmissions
	4

	Ior/Ioc 
	-5dB : 5dB : 30dB

	Receiver Type
	Type 3


Figure 3 shows the performance comparison between in a traditional 1 TX antenna network and a 2 TX antennas network for legacy HSDPA users. As we can see that, legacy HSDPA users experience big performance loss in a 2 TX antennas network compared to the traditional 1 TX network, for both PA3 and PB3.  
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Figure 3: Ior/Ioc vs Throughput (P&S-CPICH pilot configured)

4 Conclusion 

It can be found that, for a network deployed with 2 TX antennas, the performance of legacy HSDPA users will degrade regardless of the pilot configuration for the two antennas. It is difficult to find a feasible solution to this issue unless newer devices are introduced to optimize the receiver performance. 
Since the performance degradation is caused by the presence of 2 TX antennas in UTRAN, the MIMO and legacy HSDPA users can not be served together in a cell without performance degradation. We could consider independent network deployment for MIMO and legacy HSDPA users, where a cell deployed with 2 TX antennas will only serve MIMO users and the legacy HSDPA users are served by a single TX antenna deployed cell. However, such a solution represents a strong limitation for the migration to MIMO deployments.  

To conclude, we can consider the following options:
· UTRAN network deployment solutions could be studied to optimize the performance, but may represent a big limitation for the migration to MIMO.
· Work arounds from the network side could be discussed. Even if the performance degradation seems difficult to avoid, this would at least allow for a recommendation and predictable performance degradation.
· New advanced receiver could be studied to minimize the performance degradation. 
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