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1
Introduction
In an attempt to ensure co-existence between MIMO and non-MIMO UEs in a 2 transmit antenna network, at RAN#44, in [1], the impact of introducing two transmit antennas to a WCDMA/HSPA system was discussed. The outcome of the discussion was captured in the meeting minutes [4] as follows:
RAN 1 should study if this issue is really problematic, and in this case they have to study a solution, possibily it has to be provided for next ran plenary. RAN 4 may be tasked to work on simulation results in the future.”
In this document, we consider the impact on non-transmit diversity enabled (also referred to as legacy in this document) UEs that enable Type 2 or Type 3 receivers, in a network where P-CPICH/S-CPICH are used as a phase reference combination for the MIMO UEs. 
The legacy UEs are configured with P-CPICH as a phase reference and we investigate the performance degradation due to the non-orthogonal component of the S-CPICH transmitted on the 2nd antenna as well as the loss due to decrease in HS-PDSCH available transmit power due to transmission of the S-CPICH.
2
Simulation Assumptions and Configurations
In this study, we evaluate the link performance of the non-transmit diversity enabled (also referred to as legacy) UEs under the following configuration:

· Two transmit chains at the NodeB, each with a half-power PA, that are available to MIMO users
· MIMO operates under P-CPICH/S-CPICH pilot configuration
· Legacy users are assigned to the P-CPICH only

· NodeB transmit diversity is disabled for such users
· Common channels are transmitted in no diversity mode
· Legacy users make use of either Type 2 or Type3 LMMSE receivers.

· Two combinations of P-CPICH and S-CPICH power are considered
· P-CPICH = 10% and S-CPICH = 10%
· P-CPICH = 10% and S-CPICH = 5%

· Note that in this case, we violate the assumption that P-CPICH and S-CPICH are set to the same power setting, as assumed by the MIMO UE. It corresponds to a scenario where the power offset between S-CPICH and P-CPICH could be signaled to a MIMO UE. This would of course require modification to specifications and a slight modification to the MIMO UE implementation.
Under this pilot configuration, the MIMO UEs would see the two CPICH from two antennas, but all legacy UEs would only see the P-CPICH from antenna 1 and consider the cell as single antenna cell. 
In the case of the linear equalizer for the legacy UE, since S-CPICH is sent from the second transmit antenna, it’s channel in general has a different impulse response than the channel of the desired signal from the first transmit antenna. It is very difficult to restore the orthogonality, leading to a reduction in the efficiency of the equalizer. This is due to the fact that the equalizer in practice tries to equalize the signal only from one antenna at a time. Thus the multi-path in the second antenna still remains as an interfering signal, to the orthogonalised first antenna signal, leading to a loss in MAC layer throughput.
Furthermore, in order to accommodate the transmit power of the S-CPICH transmission, the available power on the HS-channels are reduced which in turn also leads to a reduction in MAC layer throughput on the downlink.

Table 1 lists the different physical channel configurations considered in this link evaluation when a single UE is scheduled per TTI.
Table 1: Physical Channel Configurations for MIMO/Legacy UEs when P-CPICH/S-CPICH is configured
	
	Physical Channel
	Reference Configuration
	Configuration with  -10dB S-CPICH
	Configuration with  -13dB S-CPICH

	1st Tx Antenna
	P-CPICH
	-10dB (10%)
	-10dB (10%)
	-10dB (10%)

	
	SCH/P-CCPCH
	-12dB (6%)
	-12dB (6%)
	-12dB (6%)

	
	HS-PDSCH
	-2dB (63%)
	-2.7dB (53%)
	-2.4dB (58%)

	
	HS-SCCH
	-10dB (10%)
	-10dB (10%)
	-10dB (10%)

	
	A-DPCH
	Power controlled
	Power controlled
	Power controlled

	2nd Tx Antenna
	S-CPICH
	N/A
	-10dB (10%)
	-13dB (5%)


Table 2 lists the different physical channel configurations considered in this link evaluation when two users are code-multiplexed in the same TTI.

Table 2: Physical Channel Configurations for MIMO/Legacy UEs when P-CPICH/S-CPICH is configured

	
	Physical Channel
	Reference Configuration
	Configuration with      -10dB S-CPICH

	1st Tx Antenna
	P-CPICH
	-10dB (10%)
	-10dB (10%)

	
	SCH/P-CCPCH
	-12dB (6%)
	-12dB (6%)

	
	HS-PDSCH         HS-PDSCH of interferer
	-5dB (32% legacy user)  -5dB (32% legacy user)
	-5.7dB (27% legacy user)  -8.5dB (14% MIMO user)

	
	HS-SCCH
	-10dB (10%)
	-10dB (10%)

	
	A-DPCH
	Power controlled
	Power controlled

	2nd Tx Antenna
	S-CPICH
	N/A
	-10dB (10%)

	
	HS-PDSCH
	N/A
	-8.5dB (14% MIMO user)


3
Link Analysis- Single UE scheduled per TTI
In this section, we evaluate the loss in MAC throughput performance of both Type 2 and Type 3 UE receiver types for legacy UEs for the different physical channel configurations as listed in Table 1, for the case when a single UE is scheduled per TTI.
3.1
Sensitivity to S-CPICH Ec/Ior

In the following, we evaluate the loss in MAC throughput performance of both Type 2 and Type 3 UE receiver types for legacy UEs as a function of S-CPICH Ec/Ior. Note that for the purpose of this sensitivity analysis, even though Table 1 lists a reduced available power for HS-PDSCH channels, we did not decrease the HS-PDSCH power, i.e. HS-PDSCH power is set to -2dB for each of the configurations that enable S-CPICH on the 2nd Tx antenna.

Table 3 lists the MAC throughput loss for both the Type 2 and Type 3 UE receivers, as function of S-CPICH power while keeping HS-PDSCH transmit power constant (-2dB).
Table 3: MAC Throughput Loss due to non-orthogonal component of S-CPICH, HS-PDSCH Ec/Ior is not decreased
	Channel
	Geometry [dB]
	HS-PDSCH Ec/Ior = -2dB

	
	
	-13dB S-CPICH
	-10dB S-CPICH

	
	
	Type 2
	Type 3
	Type 2
	Type 3

	PA3
	0
	0%
	0%
	2%
	0%

	
	5
	1%
	1%
	3%
	2%

	
	10
	2%
	2%
	5%
	4%

	PB3
	0
	2%
	4%
	5%
	4%

	
	5
	4%
	4%
	9%
	6%

	
	10
	6%
	8%
	13%
	9%


Table 4 lists the mean CQI decrease in dB due to the non-orthogonal component of S-CPICH while keeping the HS-PDSCH transmit power constant (-2dB). To account for HS-PDSCH power budget reduction, one can increase the numbers tabulated below by 0.35dB (for -13dB S-CPICH) or 0.75dB (for -10dB SCPICH) to determine an overall equivalent CQI loss.
Table 4: Mean CQI decrease [dB] due to non-orthogonal component of S-CPICH, HS-PDSCH Ec/Ior is not decreased

	Channel
	Geometry [dB]
	HS-PDSCH Ec/Ior = -2dB

	
	
	-13dB S-CPICH
	-10dB S-CPICH

	
	
	Type 2
	Type 3
	Type 2
	Type 3

	PA3
	0
	0 
	0
	0.1
	0

	
	5
	0.1
	0.1
	0.2
	0.2

	
	10
	0.2
	0.2
	0.4
	0.3

	PB3
	0
	0.1
	0.1
	0.3
	0.2

	
	5
	0.2
	0.3
	0.6
	0.5

	
	10
	0.5
	0.6
	1.2
	0.9


3.2
Link Performance due to S-CPICH and reduction in available HS power
In Table 5, we list the MAC throughput loss due to both the combined effect of the non-orthogonal component of S-CPICH and the decrease in available power on the HS-PDSCH. 
Table 5: MAC Throughput Loss due to non-orthogonal component of S-CPICH and decrease in HS-PDSCH power
	Channel
	Geometry [dB]
	-13dB S-CPICH
	-10dB S-CPICH

	
	
	Type 2
	Type 3
	Type 2
	Type 3

	PA3
	0
	9%
	7%
	16%
	12%

	
	5
	2%
	3%
	9%
	8%

	
	10
	4%
	4%
	10%
	11%

	PB3
	0
	7%
	5%
	17%
	11%

	
	5
	6%
	4%
	16%
	11%

	
	10
	8%
	9%
	17%
	14%


Based on Tables 3 and 5, we then infer the sensitivity of loss in MAC throughput due to the decrease in HS-PDSCH power, while still transmitting the S-CPICH in Table 6. Basically, the element of Table 5 is computed by taking the difference between the elements of Table 3 and Table 5.
Table 6: MAC Throughput Loss due to decrease in HS-PDSCH power while transmitting S-CPICH

	Channel
	Geometry [dB]
	-13dB S-CPICH
	-10dB S-CPICH

	
	
	Type 2
	Type 3
	Type 2
	Type 3

	PA3
	0
	9%
	7%
	14%
	12%

	
	5
	1%
	2%
	6%
	6%

	
	10
	2%
	2%
	5%
	7%

	PB3
	0
	5%
	1%
	12%
	7%

	
	5
	2%
	0%
	7%
	5%

	
	10
	2%
	1%
	4%
	5%


3
Link Analysis- Two UEs scheduled per TTI

In this section, we evaluate the loss in MAC throughput performance of both Type 2 and Type 3 UE receiver types for legacy UEs for the different physical channel configurations as listed in Table 2, for the case when 2 UEs are scheduled per TTI. In the configuration when both MIMO and non-MIMO UEs co-exist, we consider the other UE to be a MIMO UE.

Table 7 lists the performance due to the combined effect of the non-orthogonal component of S-CPICH and other user interference from the 2nd (MIMO) user on the 2nd antenna in the same TTI.  
Table 7: MAC Throughput Loss due to non-orthogonal component of S-CPICH, and interference from 2nd user in the same TTI

	Channel
	Geometry [dB]
	-10dB S-CPICH Ec/Ior,                              Equal HS-PDSCH power allocated to legacy and MIMO users

	
	
	Type 2
	Type 3

	PA3
	0
	2%
	1%

	
	10
	8%
	5%

	PB3
	0
	9%
	8%

	
	10
	25%
	18%


5
Conclusions

In this contribution, we have presented a link analysis of the performance of non-Tx diversity enabled (legacy) Type2 and Type 3 UE receivers in 2 transmit antenna environments where P-CPICH/S-CPICH are used as a phase reference combination for the MIMO UEs. We considered two different scheduling strategies- a single UE is transmitted in a TTI and two UEs are transmitted in a TTI where the other UE is a MIMO UE.

The performance loss was measured in terms of MAC throughput loss as well as a decrease in mean CQI due to the non-orthogonal component of the S-CPICH as well as the corresponding decrease in HS-PDSCH power. The sensitivities were measured individually as well as based on the combined effect of the two phenomena. Two pilot configurations were considered in this study (P-CPICH = 10%; S-CPICH = 10%) and (P-CPICH = 10%; S-CPICH = 5%).

From the analysis, we can conclude the following:
· For the pilot configuration (P-CPICH = 10%; S-CPICH = 5%)
· There is little or no difference in performance loss between the Type 2 and Type 3 receivers, due to the non-orthogonal component of S-CPICH for both PA3 and PB3 channels.
· The overall loss in performance due to both the non-orthogonal component of S-CPICH and the decrease in available power for the HS-PDSCH can be as high as 8% for Type 2 receiver and 9% for the Type 3 receiver in PB3 (G= 10dB)
· For the pilot configuration (P-CPICH = 10%; S-CPICH = 10%)

· At low geometries, the performance loss is mainly due to the decrease in available HS-power while at high geometries, the performance loss is mainly due to the non-orthogonal component of S-CPICH.
· The overall loss in performance due to both the non-orthogonal component of S-CPICH and the decrease in available power for the HS-PDSCH can be as high as 17% for Type 2 receiver and 14% for the Type 3 receiver in PB3 (G= 10dB)

· The mean CQI decrease due to the non-orthogonal component of S-CPICH can be of the order of 1dB in PB3 (G= 10dB).

From this we conclude, that in order to reduce the impact to legacy UEs (non-transmit diversity enabled) so as to co-exist with MIMO UEs that make use of the P-CPICH and S-CPICH, we propose the following:
Proposal 1: Allow for different power settings on P-CPICH and S-CPICH

Proposal 2: Allow for signaling of the power offset of the S-CPICH with respect to P-CPICH to MIMO UEs. We propose that this change be considered Release-7 and onwards.

Based on the above changes, the MAC throughput impact due to the combined effect of non-orthogonal component of S-CPICH and a corresponding decrease in HS power is limited to < 10% even in channels that exhibit high dispersion and at high geometries (G = 10dB). 
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