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1. Introduction

Uplink transmit diversity techniques are seen as means allowing the UE to use less power for transmitting larger amounts of data which leads to a coverage improvement. Meanwhile the interference to neighbour cells can also be reduced which indirectly increases the whole network capacity. Recently, uplink closed loop transmit diversity (CLTD) has attracted some attention in RAN1, and it has been proposed as a study item candidate.
A few different schemes are discussed in the documents presented in previous RAN1#62 – RAN1#62bis meetings [1][2][3][5]. Companies have identified and compared the different design choices that exist for CLTD. The aim of this document is to briefly discuss the possible schemes of CLTD, which are classified by way of sending the pilot channels DPCCH(s). Moreover, this document presents all current CLTD schemes and general technical analysis on the potential study, such as key study points, design principle and specification impacts.
2. Possible CLTD Schemes
There are several CLTD schemes, which are preliminary divided into two categories, the non pre-coded pilot scheme and pre-coded scheme. 
2.1
Non pre-coded pilot scheme

In this scheme the E-DPDCH(s) are pre-coded by a pre-coding vector and transmitted from both antennas, while other physical channels are either pre-coded and transmitted in the same way with E-DPDCH or use a new channelization code or another new orthogonal pattern. The DPCCH(s) are, however, not pre-coded and each of them is transmitted from one individual antenna using a new channelization code or a new orthogonal pilot pattern. The layout of the non pre-coded pilot scheme is shown in Figure 1.
It is noteworthy that if the DPCCH(s) are not pre-coded and transmitted on different channelization codes, the Node B will estimate the channel H instead of the composite channel H∙w (w=[w1 w2]H), which is the true channel used in demodulation of the pre-coded physical channels. Accordingly all Node B(s) in the active set, especially the non- serving Node B(s), need to be informed of the pre-coding vector through physical channel in the uplink. E-DPCCH or DPCCH can be used to carry the pre-coding indicator (PCI). If the PCI bits are carried on DPCCH(s), all the other physical channels can be pre-coded in non pre-coded pilot scheme of CLTD.
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Figure 1 Non pre-coded pilot scheme
2.2
Pre-coded pilot scheme

For the other alternative the two DPCCH(s) are pre-coded and transmitted form each or both of the antennas. There are two kinds of pre-coded pilot schemes according to the specific pre-coding methods used for the DPCCH(s). All the physical channels except DPCCH(s) are here sent in the same way, i.e. pre-coded using the pre-coding weight vector and transmitted from both antennas. 
In one scheme, shown in Figure 3, the two orthogonal DPCCH(s) are pre-coded with w1 and w2 respectively before transmission on each of the antennas. 

[image: image2.wmf]scramble

 

¡Æ

 

¡Æ

 

scramble

 

w

 

1

 

DPC

CH

 

1

 

w

 

2

 

DPC

CH

 

2

 

Ant

 

1

 

Ant

 

2

 

Weight Generation 

 

w

 

1

 

w

 

2

 

Determine 

PC

I 

message

 

from 

Down

link 

DPCCH

 

E

-

DPDCH

 

E

-

DP

C

CH

 


Figure 3 Pre-coded pilot CLTD scheme 1

In the other pre-coded pilot scheme the primary DPCCH is pre-coded using the same pre-coding vector as other physical channels, and the secondary DPCCH is instead pre-coded with other pre-coding vector, as shown in Figure 4. 
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Figure 4 Pre-coded pilot CLTD scheme 2

Different from the non pre-coded pilot scheme, not all Node B(s) in the active set need to be informed of the pre-coding vector through physical channel in the uplink.
Independently of the fact that the pilots are pre-coded or non pre-coded, the Node B shall estimate the channels from both two antennas and determine the appropriate pre-coding vector to maximize the received signal noise ratio (SNR). The pre-coding vector is fed back as channel state indication (CSI) to the UE via downlink physical channel. Then the UE applies the pre-coding weights on the corresponding physical channels, where 
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. If the pre-coding vector set is {1, 0} or {0, 1}, these schemes turn to switched antenna transmit diversity as described in [5]. This layout is also illustrated in Figure 5.
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(a) single pilot based switched antenna
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(b) dual pilot based switched antenna
Figure 5 Switched antenna transmit diversity
Also for closed loop switched antenna transmit diversity this leads to two distinct schemes. One is the single pilot based switched antenna, in which only one pilot channel is sent, and all the data and pilot channels are transmitted from only a single antenna. The other scheme is the double pilot based switched antenna, in which two pilot channels are transmitted, one for each antenna, whilst other channels are transmitted on one antenna only. In both schemes the Node B feeds back the preferred antenna to the UE.
3. Potential Technical Study Points
This part gives the outline of the potential study aspects, including the pilot channel design, codebook design, feedback design, power control and the influence on soft handover.
3.1    Pilot Design
The issues associated with pilot design are how to keep the secondary DPCCH orthogonal to the primary DPCCH and how to keep the overall DPCCH overhead at a reasonable level. 
In order to minimize the changes to the legacy transmission scheme, the primary DPCCH could be transmitted in the same way as in the legacy single antenna case. The secondary DPCCH could either use a new channelization code, or a new orthogonal pilot pattern in which case the same channelization code with the primary DPCCH can be applied.  
Time multiplexing of the two DPCCH(s) could be another choice for the pilot design. In the time multiplexing schemes, the two DPCCH(s) are alternatively sent on the same physical channel with a single code, or alternatively the primary DPCCH is sent continuously whereas the secondary DPCCH is sent non-continuously using a different channelization code. 

Irrespective of the scheme applied, the introduction of a secondary pilot uplink channel in the UE transmitter is necessary for CLTD.
3.2    PCI Indication
As described before, it is necessary for the UE to inform all Node B(s), especially the non-serving Node B(s), of the pre-coding vector in non pre-coded pilot scheme. Therefore, physical channels in the uplink, E-DPCCH or DPCCH, probably need to be redesigned to carry the PCI.
If the PCI is carried on DPCCH, a new slot format in uplink should be designed. Also, the E-DPCCH format should be redesigned if it is used to carry PCI. The basic principle is to ensure a tolerable error rate of the PCI.
3.3
Feedback Design
The serving Node B is regarded as the decision entity of the pre-coding vector, and the PCI is sent through downlink physical channel. With respect to the feedback design, the feedback delay and the error rate shall be mostly considered since they directly affect the gain of the CLTD. The conclusions from [2] had shown that the CLTD gain is obviously degraded if the feedback delay is more than 3 slots, especially for fast or even moderate time-varying channel, e.g. VA30 channel. Furthermore, the feedback error rate is another important factor affecting CLTD gain.
There are several potential methods to design the feedback channel. Either reusing current physical channel or introducing a new physical channel to carry the feedback information is possible. Reusing F-DPCH is a probable solution for the feedback design which was specifically illustrated in [2]. However, those schemes more or less have disadvantages, such as reducing TPC commands feedback rate, or changing the slot format, or fragmenting the resource. More crucially, the pre-coding vectors index information bits are placed directly on the F-DPCH, which is easily misinterpreted due to channel fading.
In order to overcome the error rate problem, it is a good choice to introduce a physical channel with an encoding format. For example, the PCI indicator can be encoded with a signature sequence on E-RGCH. 
It is worthy to mention that the error rate of the PCI is a very important factor that also directly impacts on the performance of HS-DPCCH, which in consequence affects the downlink performance.
3.4    Codebook Design

The codebook design issue is how to obtain a good performance with relative low complexity. It needs to consider how many code words shall be supported and whether the pre-coding vectors should include both relative phase and amplitude. Obviously, the smaller codebook size is, the less exact phase of the channel can be tracked. That leads to an inferior performance of CLTD. However, feedback channel will be complicated if the codebook size is large.

Codebook design is analysed in documents [1][2]. The [2] pointed out that a codebook consisting of 4 - 8 code words can provide a reasonable trade-off between performance and downlink overhead, but only phase included. In [1] it indicated that not only the phase but also the amplitude needs to be included in the pre-coding weights information. It is valuable that the vectors {0, 1} or {1, 0} should be contained in the codebook, because they provides the possibility of switched antenna transmit diversity as described before. The detailed codebook shall be decided through comprehensive simulations.

Besides, the document [2] also pointed out that a codebook, in which the pre-coding vector included both the phase and amplitude information, offered an additional gain of approximately 0.5 dB comparing with a codebook in which the pre-coding vector only had phase information. In fact, the performance gain is smaller in real estimation algorithms.
3.5
Power Control
The uplink power control adjusts the UE transmit power in order to keep the received uplink DPCCH signal‑to‑interference ratio (SIR) at a given SIR target, SIRtarget. While the uplink power control also adjusts the SIRtarget according to the error rate of E-DPDCH, the E-DPDCH SNR therefore should keep linear with DPCCH SIR to ensure that the E-DPDCH SNR can correspondingly react to the adjustment of SIR.
In legacy transmit, the SIR means the primary DPCCH SIR. When it comes to CLTD, there are two DPCCH(s). Thus the power control needs a new prescription. However, the new prescription should be on the basis of minimized changes to the current procedure. In CLTD, the SIR estimation of DPCCH would not be identical for different transmission ways. As a result, there are two estimation methods, single DPCCH based SIR estimation or double DPCCH(s) based SIR estimation. In general, the operation of the inner power control loop should guarantee adjusting the power of the DPCCH and other physical channels by the same amount, provided there are no changes in gain factors. 
For the single pilot based switched antenna transmit diversity, only one SIR is estimated for the inner loop power control, whereas for the dual pilot based switched antenna either single or double DPCCH(s) based SIR estimation can be used. 
Moreover, a compatible inner loop power control scheme between the beamforming and switched antenna is highly significant, which could bring a smooth switch between those two transmit diversity schemes. 
3.6
Soft Handover
In soft handover, several issues should be reasonably considered. First of all, the serving Node B is taken as the pre-coding vectors determination entity so that the beam of CLTD goes toward the serving Node B. Therefore, for the non pre-coded pilot scheme, the non-serving Node B needs uplink signalling to inform the pre-coding vectors the UE is applying to assist demodulation. 
Secondly, an issue arises from downlink performance when UE directs its beam towards the non-serving Node B. Since the HS-DPCCH is only decoded at the serving Node B, HS-DPCCH performance would be deteriorated. As a result downlink throughput may be reduced. However, if the error rate of PCI is low and the estimation of PCI is precise enough, the decoding performance of HS-DPCCH at serving Node B probably could be guaranteed. 
Therefore, these two factors must be taken into account for further basic scheme study. It is also noticed that for switched antenna scheme both non pre-coded and pre-coded pilot scheme cannot provide normal demodulate if the non-serving Node B(s) are not informed of the PCI {1,0} or {0, 1}.
4
Conclusions

This contribution discussed possible schemes and potential study points for CLTD. The following aspects are noted for further consideration in the subsequent studies:
· Non pre-coded or pre-coded pilots: There are two CLTD schemes according to how the DPCCH(s) are transmitted on the uplink, the non pre-coded pilot scheme and the pre-coded pilot scheme. There are also, two pre-coding methods for the DPCCH(s) presented so far for the pre-coded pilot scheme. It is valuable to note they can turn into switched antenna transmit diversity through the setting of the pre-coding vectors. 
· Pilot channel design: It is natural to reuse existing DPCCH formats, either by introducing a new channelization code or a new orthogonal pilot pattern for the secondary DPCCH in which case the secondary DPCCH can use the same channelization code with the primary DPCCH. Time multiplexing of the two DPCCH(s) is another choice for the pilot design.  
· PCI indication: It is necessary for the UE to inform all Node B(s), especially the non-serving Node B(s), of the pre-coding vector in the non pre-coded pilot scheme
· Codebook design: A reasonable trade-off needs to be found between the performance of CLTD and the required downlink overhead.
· Feedback design: With respect to the feedback design, the main points to be considered are the feedback delay and the error rate. It is possible to either reuse current physical channels, such as F-DPCH, or introduce a new physical channel. The PCI indicator encoded with a signature sequence on E-RGCH is also a good choice. 
· Power control: The operation of the inner power control loop should guarantee adjusting the power of the DPCCH and other physical channels by the same amount, provided there are no changes in gain factors. And the change on the power control procedure shall be kept to a minimum. It is important to ensure commonality between beamforming and switched antenna transmit diversity schemes.
· Soft Handover: In soft handover, any design must ensure basic demodulation for non-serving cell and should not degrade the HS-DPCCH performance and downlink throughput.
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