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1
Introduction

This document is an update to R1-110119. Relative to R1-110119, two new sections 5 and 6 are introduced. In section 5, an SNR analysis of the channel estimates required for data demodulation for each of the three pilot structures has been performed. While in Section 6, the equivalence in channel estimation SNR for beamforming weight vector determination between the the 3 pilots structures is demonstrated.
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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. 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
Data Demodulation Channel Estimate SNR Analysis
In this section we perform an SNR analysis of the channel estimates required for data demodulation for each of the three pilot structures:
· Non-precoded pilot channels

· Precoded pilot channels

· PseudoPrecoded pilot channels

In the following analysis:

· the weight vector is assumed to be 
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· 
[image: image8.wmf]1
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is the primary pilot

· 
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 is the secondary pilot

· 
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 is the data channel

· 
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is the channel between Tx antenna 
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and Rx antenna 
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· 
[image: image14.wmf]pg
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is the processing gain associated with de-spreading of the DPCCH

5.
1
Non-Precoded Pilot Channels

In this case, we analyze the channel estimate SNR and the corresponding required UE transmit power for a single path channel as described below:
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After de-scambling and de-spreading, the channel estimate for each element 
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is given by
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Finally, assuming perfect knowledge of the precoding weight vector at the NodeB receiver, the composite channel estimate for each Rx antenna i and the correponding noise component is given by
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Hence the channel estimate SNR for the non-precoded pilot structure is given by
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The required transmit power at the UE, including both the primary and secondary pilot channels and the data channel equals
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5.2
Precoded Pilot Channels

In this case, the single path channel is described below:
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After de-scambling and de-spreading the pilot channels, the channel estimate for each element for each Rx antenna i and the correponding noise component is given by
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Note, in the above, the term involving 
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Hence the channel estimate SNR for the precoded pilot structure is given by
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which is the same SNR as the non-precoded case when 
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It should be noted that in the case of non-precoded pilot channel structure, both pilot channels are transmitted at amplitude level 
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. However, in the case of precoded pilot structure, 
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sufficient enough to ensure reliable generation of the pre-coding weight vector. Therefore this results in lower overhead due to the secondary pilot as well as lower required UE transmit power compared to the non-precoded pilot channel structure.

The required transmit power at the UE, including both the primary and secondary pilot channels and the data channel equals


[image: image32.wmf]2

2

2

,

2

ed

c

c

b

b

b

+

+


5.3
Pseudo-Precoded Pilot Channels

In this case, the single path channel is described below:
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Note that in this case, each of the pilot channels are transmitted at level 
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After de-scambling and de-spreading, the channel estimate for each element 
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is given by
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Finally, the composite channel estimate for each Rx antenna i and the correponding noise component is given by
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Hence the channel estimate SNR for the pseudo-precoded pilot structure is given by
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In comparison with the other two schemes, in order to obtain the same channel estimate SNR, 
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In other words, the required total pilot transmit power at the UE, is the same as the non-precoded scheme. Hence there is no reduction in the overhead due to the secondary pilot over the non-precoded pilot structure as was observed for the precoded pilot structure.

The required transmit power at the UE, including both the primary and secondary pilot channels and the data channel equals
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Finally, it should be noted that even though the required transmit power on the data channel for the pseudo-precoded pilot structure is the same as that for the non-precoded or precoded pilot structures, the receive pilot power on each receive antenna i on the primary eigenmode (or virtual antenna) in the case of the pseudo-pilot structure or non-precoded pilot structure is twice 
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compared to the case of the precoded pilot structure 
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. Hence, if we assume that the UE computes the traffic channel power based on the total pilot (primary and secondary) power, the scheduler needs to adjust the grant (T/P) by decreasing the signaled T/P by 3dB to account for this.
In summary, based on this analysis, the precoded pilot structure offers the following advantages over both the non-precoded and pseudo-precoded schemes:

· The overhead due to the secondary pilot channel can be lower since it is not required for the purpose of data demodulation.

· No changes are required in the MAC-e scheduler since traffic to pilot ratios are preserved before and after precoding and after NodeB receive processing. This is contrast to the other 2 structures, where a T/P adjustment by 3dB is necessary at the MAC-e scheduler prior to signaling the grant (assuming traffic channel power is derived at the UE with respect to the total pilot transmit power at the UE). 
6
Beamforming Weight Vector Channel Estimate SNR Analysis

In this section, we demonstrate the equivalence in channel estimation SNR for beamforming weight vector determination, between the 3 pilots structures after recognizing 
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(as per Section 5) in the pseudo-precoded case. This can be easily shown as follows:
For each of the pilot structures, we examine the equivalent precoding matrix observed by the pilot vector 
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In the case of non-precoded pilot structure, the equivalent precoding matrix seen by the pilot vector is


[image: image45.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

1

0

0

1

1

V


In the case of pre-coding pilot structure, the equivalent precoding matrix seen by the pilot vector is
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Finally, in the case of pseudo-precoding pilot structure seen by the pilot vector is
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Since all three are unitary matrices, in order to recover the physical channels, it is enough to invert these matrices. Due to the nature of unitary matrices, the transformed noise vectors are i.i.d. and have the same variance. Therefore channel estimation SNRs for the physical channels are the same for all three schemes (assuming 
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 in the case of the precoded pilot structure).

7
Conclusions

In this contribution, qualitative comparisons were performed for 3 different pilot structures (non pre-coded, pseudo-precoded and precoded pilot structures). For each of the pilot structures, an analysis was performed to evaluate the channel estimate SNR for the purpose of both data demodulation and beamforming weight vector determination. Based on the discussion and analysis in this paper, 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 
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