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1. Introduction

In TSG RAN#50, a work item [1] was opened to investigate the performance of uplink transmit diversity techniques (ULTD). One of the tasks of this work item is to design uplink pilot channels for uplink closed loop transmit diversity (CLTD).

In this contribution, we propose a precoded pilot channel structure and discuss related Node B receiver impacts. We also give some qualitative analysis on a pseudo-precoded pilot channel structure [2] [3], and non-precoded pilot channel structure [2]-[4].
2. Precoded Pilot Channels
2.1. Pilot channel structure

Our baseline design for uplink pilot channels is the precoded structure.
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Figure 1: Pre-coded pilot channel structure
DPCCH,1 is precoded with the stronger beamforming weight vector 
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where 
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, and the beamforming phase is denoted by [image: image5.wmf]1
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. The scaled secondary pilot channel (α<=1) is precoded with the weaker orthogonal weight vector:
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Other control channels and data channels are precoded with the stronger beamforming weight vector as well. 
2.2 NodeB Receiver Design Considerations
Since the secondary pilot channel (DPCCH,2) is weaker than the primary pilot channel (DPCCH,1) at the Node B receiver side, the Node B receiver shall take this into consideration in terms of pilot processing.  If Node B receiver runs searcher, time tracking loop etc on DPCCH,2 independently, due to its weakness, the number of fingers for DPCCH,2 will be typically less than for DPCCH,1, and finger timing will be much less accurate, and the fingers can be easily deassigned. 

On the other hand, since DPCCH,2 is transmitted at the same time with DPCCH,1, and propagated through the same uplink channels, they have the same finger timings. They also need the same finger frequency compensations, if necessary. Thus, we recommend the base station just runs searcher, time/frequency tracking on the strong pilot DPCCH,1 only. For each finger assigned for DPCCH,1, the Node B receiver shall assign a finger with the same timing for DPCCH,2. Once assigned, the fingers for DPCCH,2 lock timing to the corresponding fingers of DPCCH,1. Finally, whenever a finger for DPCCH,1 is de-assigned, so does the corresponding finger for DPCCH,2.
3. Pseudo-precoded pilot channels
A pseudo-precoded pilot channel structure was proposed in [2] and [3]. Both DPCCH,1 and DPCCH,2 are transmitted on one physical UE antenna, but each is multiplied by an element of the beamforming weight vector.

For this scheme to work, the Node B receiver can estimate the channel (scaled by components of the beamforming weight vector) by running pilot filters on DPCCH,1 and DPCCH,2 separately. These estimates can be further processed for the purpose of data demodulation or beamforming vector computation. Practical pilot processing such as searcher, finger time tracking, etc could be run separately for DPCCH,1 and DPCCH,2. If so, there is a potential issue related to that. Due to possible channel variations and interference/noise at the Node B receiver, it is likely to see different number of fingers assigned for DPCCH,1 and DPCCH,2, and their timings are not aligned. Then, the Node B receiver needs to design and implement a finger pairing algorithm to pair respective fingers from two pilot channels, which could be difficult and suboptimal. In the case of soft handover, since the non-serving cell typically has a weaker uplink, it will be even more difficult to design an effective finger pairing algorithm there.
On the other hand, in the proposed pre-coded pilot channels structure, the Node B can just run pilot channel finger processing on one DPCCH channel, and apply the finger information to the other DPCCH channel. If so, we see two advantages of the precoded structure in Figure 1:

1. the precoded pilot (DPCCH,1) is less likely to see deep fade since the inner loop power control is operating on it, therefore pilot processing becomes more reliable; 
2. the pilot filter for data demodulation can just run on DPCCH,1, as in the SIMO case (i.e. non ULTD), avoiding the complexity of channel synthesis in the pseudo-precoded case.
The above is discussion from receiver architecture impact point of view. We can also make comparison from the following angles.
· For precoded pilot structure, since the data/other control channels are sent on the same beamforming vector with the primary pilot, the power ratio between these channels and the primary DPCCH,1 is kept at both the UE transmitter and the Node B receiver, which is not true in this pseudo-precoded structure. 
· The precoded structure also has no impact on the existing features such as E-DPCCH assisted channel estimation. 

· The precoded structure also supports the gating of the DPCCH,2 (i.e. slowing down the update of CLTD beamforming weight vector) while the DPCCH,1 is continuous. This feature can’t be done with the pseudo-precoded pilot structure since it will impact the demodulation pilot filter.
· The precoded structure minimizes the impact from UE PA inaccuracies
4. Non-precoded pilot channels

A non-precoded pilot channel structure was also proposed in [3] and [4]. Both DPCCH,1 and DPCCH,2 are transmitted on one physical UE antenna, and not multiplied by any component of the beamforming weight vector.

The discussion on the pseudo-procoded pilot structure also applies to this non-precoded structure. We see one more advantage for the precoded pilot structure
· In the non-precoded structure, non-serving cell can not reconstruct the composite channel estimate for data demodulation and decoding unless the beamforming information is explicitly sent by UE on the uplink. However, the uplink reception in non-serving cell could be un-reliable especially if the beamforming is optimized for the serving cell only. On the other hand, in the precoded structure, the non-serving cell doesn’t need to know the beamforming information.
5. Conclusions

We propose precoded pilot channels structure as a baseline design. If this structure is used, the Node B receiver can keep using the usual pilot filter on DPCCH,1 for the purpose of data and other control channels demodulation and decoding. A master-slave receiver finger processing architecture is also proposed, where the finger timing information (and possibly frequency error information) for DPCCH,2 fingers are derived from fingers for DPCCH,1. Finally, qualitative comparisons among different pilot structures were made. 
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