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1
Introduction
In the previous RAN WG1#57bis meeting, in the context of co-existence of MIMO and legacy non-MIMO UEs, in [1] a link analysis was provided to study the impact of S-SPICH power on the legacy UEs. The analysis led to the conclusion that the S-CPICH impact is large enough to consider further support for a S-CPICH power setting different from the P-CPICH power setting. In this contribution, we evaluate further via link simulations, the performance of MIMO UEs due to an asymmetric power allocation of P-CPICH/S-CPICH, assuming that the S-CPICH power offset is known at the UE. Also, we provide a simple analysis along with simulations to provide a justification to signal the S-CPICH power offset to the MIMO UEs.
2
Link Analysis
In Table 1, a set of simulation assumptions are provided for the link analysis that was performed to evaluate the throughput loss of MIMO UEs as a function of asymmetric power allocation of P-CPICH/S-CPICH, assuming that the S-CPICH power offset is known at the UE. The loss is compared to the case when P-CPICH and S-CPICH powers are equally set to -10dB.
Table 1: Simulation Assumptions

	Parameter
	Assumption

	UE Category
	18

	P-CPICH [dB]
	-10

	S-CPICH [dB]
	-10, -13, -16

	Geometry (Îor/Ioc) [dB]
	18

	HS-PDSCH_Ec/Ior [dB]
	-2

	Propagation Condition
	PA3, PB3


Table 2: MIMO UE throughput impact due to an asymmetric power setting of P-CPICH/S-CPICH, G=18dB
	S-CPICH
	Loss w.r.t. S-CPICH = -10dB

	
	PA3
	PB3

	- 10 dB
	0%
	0%

	- 13 dB
	1%
	0%

	- 16 dB
	6%
	4%


As seen in Table 2, as the S-CPICH power is reduced by 3dB, there is negligible loss observed in both PA3 and no loss observed in PB3. Furthermore, when the S-CPICH is reduced further by an additional 3dB, the throughput loss observed is of the order of 4% to 6%. 

Based on this analysis, we conclude that the impact of asymmetric power allocation of P-CPICH/S-CPICH to MIMO UEs is fairly insignificant, thereby confirming that the workaround to allow for a lower power setting on S-CPICH is a reasonably good solution to allow for co-existence of MIMO and non-MIMO UEs in the same network.
In the next section, we provide an analysis alongwith a set of simulations to provide justification to signal S-CPICH power offset to the UE.
3
On the need to signal S-CPICH power offset to UE

In this section, we try to illustrate via a simple example, the impact when UE assumes same transmit power level for both P-CPICH and S-CPICH while their actual power levels are unequal. In this case, the UE will have amplitude ambiguity in terms of the relative strength between the channel from the primary antenna and the secondary antenna. This ambiguity could lead to performance degradation due to 
· The UE will report an inaccurate PCI. If S-CPICH power is set to be lower than the P-SPICH while the UE is un-aware of that, as a consequence, UE will measure much weaker channel from the secondary antenna which, thereafter, report dual stream PCI less likely and hence negatively impact the MIMO performance.
· The UE will report an inaccurate CQI. Similarly, if the UE mistakenly assume secondary antenna to be much weaker than it actually is, the UE will report a lower or conservative rate (CQI) which will degrade the MIMO performance.
· The UE will design a less optimal MMSE equalizer. If the UE assumes a wrong relative strength between the primary and the secondary antenna, it will design an equalizer which handles the inter-stream interference less effectively than the case when the relative strength is known.
3.1
Analysis

To illustrate the impact on MIMO performance due to the above three factors, we consider a single path fading scenario and ignore the code multiplex structure of the WCDMA system for simplicity purpose, i.e. different channelization codes could have different precoding (beam forming) weights. We will provide some theoretical analysis as well as simulation results to demonstrate the impact.

Consider a non-frequency selective, precoded, dual receive and dual transmit antenna system, the system equation could be mathematically formulated as
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where
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 is the single path channel from transmit antenna [image: image6.png]


 to the receive antenna [image: image8.png]


.

2. P is the precoding matrix. P could be selected from only six possibilities as per 25.214.
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 is the transmit signal contains only one entry for single stream and two entries for the dual stream. Without loss of generality, we assume [image: image24.png]-



 contains i.i.d. zero mean and unit energy entries.
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 is the i.i.d. circular symmetric zero mean complex Gaussian noise  [image: image28.png][:’1] ~CN(0,021)




Assume that the S-CPICH power level is [image: image30.png]


 dB lower than the P-CPICH. Under the case where the UE still perform channel estimation assuming that both pilots are at the same power level, UE observed channel is (we assume channel estimate is perfect up to scalar ambiguity) 
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For each possible precoding matrix [image: image33.png]


, UE will compute a composite channel.
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UE will then design a MMSE equalizer which is given by
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and after equalization, the transmit signal estimate is given by
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In order to determine which PCI gives the highest aggregated throughput and its corresponding CQI, the UE will estimate supportable data rate for each precoding matrix. For simplicity, we use the theoretical Shannon capacity to approximate the supportable data rate as estimated by the UE. For a single stream, [image: image38.png]


 is a scalar and the capacity is given by
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For dual stream PCI, [image: image41.png]


 is a 2X2 matrix [image: image43.png]Ll
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. If we assume that the UE is not capable of doing inter-stream interference cancelation, then, the capacity is given by
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Once UE computes all the six possibilities, UE will report the PCI which results in the maximum data rate, [image: image46.png]PCI = argmax{C;, i



 and the corresponding maximum data rate as the CQI.

Note, since the UE relies on the wrong information regarding the strength of the secondary antenna (S-CPICH). The PCI, CQI that UE computes are not accurate. The CQI reported then is not the real date rate that the UE could actually support. To compute the real date rate that the UE could support, we only need to replace the [image: image48.png]


 with the actual channel, i.e. 
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Note that the equalizer [image: image51.png]


 is still designed using the wrong channel information [image: image53.png]


. With the above system equation, the supportable data rate could be calculated similarly using the Shannon capacity formula.

3.2
Simulation Results
Next, we will present some simulation results based on the analysis in the previous sub-section. In the simulation, [image: image55.png]


 is randomly generated as i.i.d. with zero mean, unit variance, complex circular symmetric Gaussian distributed. 10000 random channel samples are draw. The geometry is defined as [image: image57.png]1/0;



. The performance metrics we look at are 

1. Probability that a UE will request a dual stream at different geometries.

2. The average request rate that the UE will report to Node B at different geometries.

3. The average supportable rate given the UE PCI report and equalizer design at different geometries.

Again, the case we consider is that the UE assumes S-CPICH and P-CPICH are transmitted at the same power level from Node B regardless of the potential power difference between two pilots.

Figure 1 illustrates the probability that a UE will request for dual stream transmission, as a function of geometry and different S-CPICH power offsets. As seen in the figure, as the power difference between the S-CPICH and P-CPICH increases, the UE will measure a weaker channel from the secondary antenna. Therefore, for a given geometry it is less likely for the UE to report dual stream, as the S-CPICH power offset reduces while the UE assumes equal allocation of power across P-CPICH and S-CPICH.
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Figure 1: Probability that a MIMO UE will request a dual stream
Figure 2 illustrates the average requested rate by the UE, as a function of geometry and different S-CPICH power offsets. Similarly, since the UE mistakenly thinks the channel from the secondary antenna is weaker than it actually is, UE will report a smaller requested rate.
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Figure 2: Average data rate requested by MIMO UE
Figure 3 illustrates the average supportable rate by the UE. Note that supportable rate is different from the requested rate since UE performs channel estimation and equalizer design under the wrong assumption of the secondary antenna pilot power level. At low geometry, since the single stream will mostly be used, even though the UE may request a smaller data rate, the real data rate that the UE could support is almost the same. However, at high geometry, the simulation results do demonstrate a significant loss in UE throughput. This is primarily due to the fact that there is a mismatch in the UE equalizer implementation (due to mismatch in channel estimation) and, this consequently leads to a strong residual inter stream interference. 
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Figure 3: Average supportable data rate by MIMO UE due to Equalizer Mismatch
4
Conclusions

In this contribution, we have evaluated the impact of asymmetric power allocation of P-CPICH/S-CPICH on MIMO UEs via link simulations of a Category 18 UE. The impact was studied for the case when the S-CPICH power offset was known to the UE. Based on the link analysis, we conclude that the impact of asymmetric power allocation of P-CPICH/S-CPICH to MIMO UEs is fairly insignificant, thereby confirming that the workaround to allow for a lower power setting on S-CPICH is a reasonably good solution to allow for co-existence of MIMO and non-MIMO UEs in the same network. 

The second part of the contribution provided a technical analysis along with a set of simulation results to justify the need to signal the S-CPICH power offset to the MIMO UE. The analysis demonstrates a significant loss in UE throughput, if the UE were to assume a symmetric allocation of P-CPICH/S-CPICH power, in the presence of asymmetric power allocation of P-CPICH/S-CPICH.
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