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1 Introduction

Four branch MIMO work has proceeded relatively well in RAN1. In RAN1 meeting #69 the common pilot design was agreed to be based on the scheduled non-precoded common pilot approach. Details, such as number of new channels, configuration method and power ranges require further discussion. Furthermore, the actual scheduling of the pilot can also be discussed.
2 Details on the pilot design
The work progress on the common pilot design in RAN1 #69 is as follows:
Agreements:

· Support at least 2 scheduled non-precoded pilots in addition to common pilots

· Scheduled non-precoded pilots use separate channelization codes and same spreading factor as common pilots

· RRC configured fixed power offsets for both additional common pilots and scheduled non-precoded pilots

Working assumption:

· Scheduled non-precoded pilots are controlled by the network

· Separate signalling through HS-SCCH orders

· Scheduled always together with HS-PDSCH of a UE configured for 4 branch MIMO

· NodeB waits for the ACK of the order before applying the change

Further discussion needed on:

· Need to allow for a 3rd scheduled non-precoded pilot

· Power offset range for new pilots is FFS

· For CQI estimation UE shall rely on common pilots only
On the configuration of the pilot channel
As the scheduled common pilot could be understood to be a semi static entity, the spreading code indices and power offsets should be configured to the UE preferably by RRC signalling. Additional benefit of using, for example, HS-SCCH orders is not that obvious considering that processing time needs to be allocated for the UE.

Proposal 1: Configure the spreading code indices and power offsets using RRC signalling.

As the MIMO cells most probably should also support rel’7 MIMO UEs the number of the new scheduled non-precoded common pilots can be limited to two. In other words, single pilot setup would be defined for the four branch MIMO where, primary common pilot, secondary common pilot (as in rel’7 MIMO) and 2 new scheduled non-precoded common pilots are allocated to antennas 1 to 4 respectively.

Proposal 2: Specify single non-precoded common pilot setup for the four branch MIMO with 2 new non-precoded common pilots.
The rel’7 MIMO system defines power offset for the secondary common pilot in table 10.3.6.41b in 35.331 [1] for the MIMO pilot configuration information element. The range of values is [-6,0] dB assuming 1 dB step relative to the primary CPICH. As the total pilot in the four branch MIMO system is used for the same purpose, i.e. data demodulation, similar values should be adequate also in this case. Simulation results presented in [2] show that there is a 10% loss in throughput of legacy single antenna UEs assuming 21 dB geometry and -19 dB secondary CPICH power. Hence maximum power offset of 9 dB could be assumed for 3rd and 4th CPICH compared to primary CPICH. 
Similar range would be needed for scheduled pilot to reach minimum total power offset of -6dB. Since scheduled pilot is used as pilot solution for 4-branch MIMO there is no need to be able to signal 0 dB as power offset value for CPICH. Minimum offset value used for both common and scheduled pilots could be -3 dB to reach 0 dB maximum total power.
Proposal 3: Use [-9, -3] dB for power offset value range relative to the primary CPICH for the scheduled non-precoded common pilots and the 3rd and 4th common pilots.
On the CQI estimation
One issue to be discussed is whether UE should rely on common pilots only in CQI estimation. Usage of scheduled pilot for CQI estimation in addition to common pilots would be rather complex and hence there should not be any requirements for UE to do so. However unless there is a good reason it should not be forbidden either.

On the scheduling of the pilot channel
At the moment, it is assumed that HS-SCCH detection is based on the primary CPICH from antenna 1 and when UE detects a scheduled HS-DSCH TTI, it can use also the scheduled common pilot for data detection. It is not yet clear whether the scheduled pilot is present only during the data slots of the specific scheduled HS-DSCH TTI. In fact, it would be better to specify that the pilot is present some slots (i.e. 2) before and after the specific data TTI as illustrated in Figure 1. 
If the pilot is present only during the data slots, use of, for example, three slot long channel estimation filter means that in order to calculate channel estimate for the first symbol in the slot, the estimator needs to use samples only from the future. This means that autocorrelation of the last samples used for channel estimate calculation is lower than what would be available from the samples in the past if they were available. If 2 slots of scheduled pilot would be known to be present before and after the data slots, the channel estimation filter could use past and future samples with improved autocorrelation properties. Furthermore, longer channel estimation filter than 3 slots could be used. In other words, scheduling the pilot some slots before and after the data slots in a scheduled TTI would enable better channel estimation. Yet another benefit would be simplified implementation where different filters are not required for some specific symbol positions.
The impact of limiting the channel estimation filter to 3 slots instead of allowing 4 slots is shown in Figure 2. Clear performance degradation is observed on high geometry factors. These results are still optimistic since the pilot is assumed to be present all the time allowing sliding window filtering which is not the case if scheduled pilot is present only during the data slots for a scheduled TTI.

Proposal 4: Discuss if the scheduled pilot should be present 2 slots before and after the scheduled HS-DSCH data TTI.
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Figure 1. Improvement from the extended presence of scheduled pilot.
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3 Conclusion
Following proposals are made in this paper on the non-precoded scheduled common pilot:
Proposal 1: Configure the spreading code indices and power offsets using RRC signalling.

Proposal 2: Specify single non-precoded common pilot setup for the four branch MIMO with 2 new non-precoded common pilots.

Proposal 3: Use [-9, -3] dB for power offset value range relative to the primary CPICH for the scheduled non-precoded common pilots and the 3rd and 4th common pilots.

Proposal 4: Discuss if the scheduled pilot should be present 2 slots before and after the scheduled HS-DSCH data TTI.
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Figure � SEQ Figure \* ARABIC �2�. Performance impact of using channel estimation filter length of 3 instead of 4 slots.
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