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1. Introduction

At RAN#50, it was approved to start a work item (WI) on uplink closed loop transmit diversity [1]. Before RAN#50 several schemes were discussed in the documents presented at RAN1#62 – RAN1#62bis meetings [2][3][4][5]. Companies have identified and compared different design choices for CLTD. 
From the WID in [1], we recall some principles that should be taken into account in the design of CLTD:
· As much as possible re-use the existing design for relevant control channels 

· Ensure coexistence with, and minimize the impact on, legacy devices not supporting transmit diversity
· Minimize the impact and the complexity on the terminal and the network
· Facilitate the possible extension to UL dual stream MIMO operation in particular for channel sounding and pilot design, control channel design and power control procedures.
In this contribution, possible CLTD schemes, key study points and an initial comparison between these schemes is provided.  
2. Possible CLTD Schemes
There are several CLTD schemes, which can be divided into two main categories, the non pre-coded pilot scheme and the 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 combined channel H∙w (w=[w1 w2]), which is the channel relevant for 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 the 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 the non pre-coded pilot scheme of CLTD.
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Figure 1 Non pre-coded pilot scheme (Scheme 1)
2.2
Pre-coded pilot scheme

For the other alternative the two DPCCH(s) are pre-coded and transmitted from each or both of the antennas. There are further two options for the pre-coded pilot scheme 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. 
For the first option, shown in Figure 3, the two orthogonal DPCCH(s) are pre-coded with w1 and w2 respectively before transmission on each of the antennas. 
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Figure 3 Pre-coded pilot CLTD option 1 (Scheme 2)
In the other option of the 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 option 2 (Scheme 3)
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 a 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 to the UE via downlink physical channel. Then the UE applies the pre-coding weights on the corresponding physical channels, where for the pre-coded pilot option 2 (Scheme 3) we have 
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Moreover, it is worth to evaluate the beamforming performance gains in the scenarios that antennas are not imbalanced. If there is no obvious gain or even loss observed in such scenarios, it is valuable to consider falling back to E-DCH on single transmit antenna mode, which is to apply pre-coding vector {0,1} or {1,0}. However, DPCCH(s) without pre-coding still need to transmit on both two antennas whereas other channels, e.g. E-DPDCH, E-DPCCH and HS-DPCCH, are only transmitted on primary antenna. 
3. Schemes Comparison
This part provides an initial comparison between the schemes mentioned above with respect to several aspects, like the pilot overhead, power control, the influence on channel estimation.
3.1    Pilot Overhead
The 3 schemes above require a different overhead for the pilot channels. Assuming that all other physical channels besides the pilot channel are transmitted in the same way, the overhead of the pilot in the non pre-coded pilot CLTD scheme is different from that in the pre-coded pilot scheme, and the overhead required in the two options of the pre-coded pilot scheme is also different.
Concretely speaking, the second DPCCH channel requires the same transmit power as the primary DPCCH in the non pre-coded pilot scheme, so the total pilot overhead is twice compared to the non transmit diversity scheme. In the pre-coded pilot scheme, option 2 has the same pilot overhead with the non pre-coded pilot scheme, while option 1 has lower pilot overhead than option 2, since the two DPCCH(s) are pre-coded with w1 and w2 respectively before transmission on each of the antennas which brings half power. Moreover, the cubic metric (CM) should be considered due to different pilot schemes, which is influenced by the OVSF code the second DPCCH channel chooses, the I/Q multiplexing way, and the comparing results are given in [8]. 
3.2    PCI Indication
Commonly the serving Node B is the entity deciding the pre-coding vector for the uplink and a UE is only allowed to apply this selected pre-coding vector. Then the serving Node B is able to calculate the time frame where the selected pre-coding vector is used on uplink once the feedback scheme and timing are determined. Therefore, it is not strictly needed to inform the serving Node B about the pre-coding vector with PCI indication in the uplink. 
Nonetheless the situation is different for non-severing Node B(s). In the non pre-coded pilot scheme, PCI indication in the uplink is necessary for demodulation at non-serving Node B(s). In the pre-coded pilot scheme, PCI indication is not mandatory for demodulation at both serving and non-serving Node B(s). However, it has been observed from simulations that a discontinuity of the smoothing filter caused by the changes in the pre-coding vector has negative impact on performance, especially for high velocity scenarios and high data rate traffic. Part of this demodulation performance loss can be compensated in a simple way by removing the impact of the pre-coding vector in the channel estimation (see more description in section 3.4). Then the non-serving Node B(s) can benefit from PCI indication in also in the precoded pilot scheme. 
To introduce PCI indication, a possible approach is to reuse current uplink channels, DPCCH or E-DPCCH, by adding couple of new bits to carry the PCI.
3.3
Power Control
As the power control principle described in [7], 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.
In all the schemes, the data channels E-DPDCH(s) are sent in the same way, i.e. they are pre-coded and transmitted from both antennas. As a consequence, the E-DPDCH(s) undergo the combined channel Hw. Based on the power control principle, SIR estimation in the receiver should estimate the combined channel Hw to adjust the power correspondingly. Therefore, it seems that the scheme 1 needs more calculation than scheme 2 and scheme 3 for SIR estimation.
If vectors {0, 1} or {1, 0} are introduced into the codebook, since there are still two DPCCH(s) transmitted, a compatible inner loop power control scheme would make sense and could bring a smooth switching between CLTD and non CLTD modes. 
3.4
Channel estimation

The channel estimated by channel estimation algorithm, is the combined channel Hw in the pre-coded pilot schemes instead of the pure channel H in the non pre-coded pilot schemes. 
The estimate of Hw may be inaccurate if the pre-coding vector w is time-variant, which breaks the continuity of the smoothing filter in the fading factor estimation. This effect may be compensated to some extend in the following way:
In the pre-coded pilot scheme a received pilot symbol is
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, where p is the transmitted pilot symbol, H is channel matrix, w is the pre-coding vector, and n is the thermal noise in a symbol. In the optimised channel estimation the precoding w which is known from the last TTI is firstly compensated. The equation for the compensated received signal is then:
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From this compensated signal the channel matrix H can then be estimated.

It is worthy to note that the compensation of w is not needed in the non pre-coded pilot scheme. Besides, it is noticeable that compensation of w in the pre-coded pilot option 1, shown in Figure 3 is easier than in the option 2 shown in Figure 4 thanks to fewer computation steps.
4
Conclusions

This contribution provided and initial comparison of the different CLTD schemes. The comparison results are summarized in Table1. 

Table 1 Comparison between potential CLTD schemes

	Key study points
	Non pre-coded pilot option (Scheme 1)
	Pre-coded pilot option 1 (Scheme 2)
	Pre-coded pilot option 2 (Scheme 3)

	Pilot Overhead
	Higher
	Lower
	Higher

	PCI Indication
	Necessary
	Not necessary
	Not necessary

	Power Control Complexity
	Higher
	Lower
	Lower

	Channel Estimation Optimization Complexity
	Lowest
	Lower
	Highest
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