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1 Introduction

For a 4 branch MIMO system pilots are needed for two main functionalities; channel state information (CSI) estimation through channel sounding where rank, CQI and PCI are estimated and channel estimation for demodulation purposes. For 4 branch MIMO two different approaches are possible.
· Common pilots for both CSI and data demodulation
· Common pilots for CSI estimation and two additional common pilots for data demodulation

The impact of common pilot only solution is described in [1].  It was concluded that a solution based on common pilots only will have a negative impact on legacy users unless the power on the additional pilots is less than -19 dB. However the demodulation performance of 4TX in this case will be adversely impacted. It was observed that the impact is severe at higher user geometries. The link performance with second approach also called scheduled common pilots (SP) for four branch MIMO system was studied in [2], [3] .
Based on the results shown by various companies, in RAN1#69, it was decided to adopt at least two demodulation pilots in addition to common pilots. It was also agreed that these additional pilots use same spreading factor as that of common pilots, but use separate channelization codes. In addition to this it was concluded that some further discussion was needed on how many additional pilots are needed? How to configure them? What are the powers offsets etc. 
In this contribution we discuss the remaining issues for pilot design in four branch MIMO system.
2 Overview of Pilot Design Solutions 

2.1 Common pilot only solution
Figure 1 shows the Link level throughput for a UE with 3 different geometry factors. We plotted the performance with reduced pilot powers for 3rd and 4th antennas while keeping the pilot powers for 1st and 2nd antennas as -10 and -13 dB respectively.  The remaining power is allocated for HS-DSCH. It can be observed that as we reduce the pilot powers, the performance degrades due to bad channel estimation for CQI and data demodulation. The degradation is severe at high C/I compared to low C/I region. This is because at high C/I, there is a high probability of rank 3 and rank 4 transmissions and/or high data rates, which require a larger amount of pilot power energy. On the other hand, low data rates and/or rank selections, which occurs at low C/I can be demodulated with a lower amount of pilot energy (i.e. a higher traffic to pilot ratio).
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Figure 1 Link level performance when common pliots are used for CSI estimation and data demodulation. 
Figure 2 shows the Link level throughput for a UE with 3 different geometry factors for a 4x2 MIMO system. Similar to 4x4 MIMO, in this case also, the performance degrades as we decrease the common pilot power.  The main degradation is observed due to bad data demodulation performance for 64 QAM modulations.  At low to medium geometries, the performance with reduced pilot power is same as that of power with -13 dB.
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Figure 2 Link level performance of 4x2 MIMO system with different pilot powers on 3rd and 4th antennas
2.2 Common pilots+ demodulation pilots solution
Figure 3 shows link performance for a solution based on common pilots for CSI estimation and scheduled pilots for data demodulation. Note that with ideal channel estimation, the performance of scheduled common pilot solution is always inferior to the common pilot solution with power of -13 dB on third and fourth antennas.   This is due to the additional power allocated to these scheduled pilots. We can also observe that the performance of schedule pilots with realistic estimation is close to that of common pilot solution with pilot power of -13 dB. Hence this solution is attractive in terms of link performance for four branch MIMO system. 

We observe that the pperformance gains with scheduled pilots are almost negligible at low to medium geometries. Hence the question arises that do we need scheduled pilots for all geometries ?
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Figure 3 Link level performance when common pilots are used for CSI estimation and scheduled pilots are used for data demodulation.
3  Do we need Demodulation Pilots for all Geometries
From Figure 1 it can be observed that for low to medium geometries/data rates, common pilot solution is sufficient to give a reasonable performance. We need additional pilots only at high SNR or for high data rate applications.  To show the impact of reduced pilot power for high data rate application we plotted the 4x4 MIMO link performance with pilot powers [-10 -13 -19 -19] dB with two link adaptation (LA) algorithms. In the first link adaptation algorithm all modulations are considered i.e. QPSK, 16 QAM and 64 QAM, while in the second link adaptation algorithm; we consider only QPSK and 16 QAM.   Figure 4 shows the performance with these two link adaptation algorithms. The results with perfection estimation are also shown.  It can be observed that at low and medium geometries the performance of the two link adaptation algorithms is same, while at high geometries the performance of the link adaptation algorithm without 64 QAM performs better. The performance degradation with conventional LA is around 33% and while with the modified LA is around 16% compared to the perfect estimation.
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Figure 4 Link level performance when common pliot are used for CSI estimation and data demodulation with two link adaptation algorithms
Proposal 1: We recommend using additional pilots when a higher order modulation or/and higher transport block size is scheduled.

4 Number of Demodulation Pilots
In most discussions during RAN1#68bis and RAN1#69 regarding pilot structures, it has been assumed that only two demodulation pilots are configured. During RAN1#69 questions were raised on number of demodulation pilots for four branch MIMO system. In this section we discuss two options.

Option I: Reduce the S-CPICH power on second antenna and configure 3 demodulation pilots

S-CPICH is configured for the second antenna. In principle this indicates that 2-branch MIMO is active in this cell. However if 2-branch MIMO is not configured, or if no 2-branch MIMO UE is active in the cell, the S-CPICH may not be active. In this case it would be natural that a low power continuous pilot is configured also for the second antenna. In this case there must also be a scheduled non-precoded pilot that can be used as a demodulation pilot for the second antenna. 

Option II:  Reduce the S-CPICH power on 3rd and 4th antennas and configure only 2 demodulation pilots on 3rd and 4th antennas.
Each of these Options has advantages and disadvantages. With Option I, interference can be reduced when no 2 branch MIMO UE is present in the cell while from power efficiency point of view Option I is inferior to Option II.  While Option I gives more flexibility at the Node B, we need additional SF-256 code for demodulation pilot for 2nd antenna.

5 Number of Power Offset values
All the studies have shown the results with equal power offset value for 3rd and 4th antennas.  Note that even with demodulation pilots, the powers on 3rd and 4th antennas are set to equal value in studies. In this contribution, we consider two design options for setting up number of power offset values.
Option I:  One Power offset value for S-CPICH on 3rd and 4th antennas and one power offset for demodulation pilots on 3rd and 4th antennas. 
Option II:  Individual power offset values for S-CPICH on 3rd and 4th antennas and individual power offset values for demodulation pilots on 3rd and 4th antennas.
With Option II, we can reduce the demodulation pilot power on 3rd or 4th antenna  say to -16 dB and still gets the almost the same performance. Hence this option gives more flexibility for Node B.
Proposal 2: We recommend using individual power offset values for S-CPICH on 3rd and 4th antennas and individual power offset values for demodulation pilots on 3rd and 4th antennas.

6 Conveying Information about Demodulation pilots

According to the simulation results presented and the discussion, common pilots are transmitted for CSI estimation and additional pilots are chosen for data demodulation based on user information at Node B. For example, when the users are nearer to the cell center (high geometries hence higher order modulations) additional pilots can be transmitted for data demodulation. Otherwise common pilots are sufficient for data demodulation.  

We explain the solution with message sequence chart as shown in Figure 5. In this case Common pilots are transmitted from the Node B continuously for CSI estimation.  The UE computes the channel state information channel quality information (CQI), Precoding control index (PCI) and Rank information (RI) through these channels and report this information in uplink feedback channel (HS-DPCCH).  Once the Node B receives this information, Node B scheduler decides whether common pilots are needed or scheduled pilots are needed for demodulation. This is done based on SNR, user location or modulation and code rate assigned etc. If the demodulation pilots are needed to be transmitted it will convey this information through separate signaling using HS-SCCH orders (special bit pattern for switching on demodulation pilots). If the UE is able to decode this message it will send an ACK to this order through the feedback channel (HS-DPCCH).  The data is transmitted there on HS-PDSCH. The UE can use the scheduled common pilots for demodulation until again informed by the Node B to use common pilots.
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Proposal 3: We recommend using HS-SCCH orders for conveying information about demodulation pilots. 

Proposal 4:  HS-SCCH orders can be specific to one particular UE or can be assigned to more than one UE using common HS-SCCH orders. 
7 Summary and Conclusions

In this contribution, we addressed few issues in the pilot design schemes for four branch MIMO system. We have shown that common pilot solution with reduced pilot powers on 3rd and 4th antennas is effective at low to medium geometries, while the solution is not efficient for high geometries.  This is due to the higher order modulations and or higher code rates which require high power. Hence, common pilots with two additional pilots for data demodulation is effective in terms of reduced interference to the legacy users while at the same time with reasonable performance for the 4 branch MIMO UE.  Summary of our proposals are as follows:
Proposal 1: We recommend using additional pilots when a higher order modulation or/and higher transport block size is scheduled.
Proposal 2: We recommend using Individual power offset values for S-CPICH on 3rd and 4th antennas and individual power offset values for demodulation pilots on 3rd and 4th antennas.
Proposal 3: We recommend using HS-SCCH orders for conveying information about demodulation pilots. 

Proposal 4:  HS-SCCH orders can be specific to one particular UE or can be assigned to more than one UE using common HS-SCCH orders. 
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Figure � SEQ Figure \* ARABIC �5�  Message sequence chart for conveying demodulation pilot information
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