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1 Introduction

The Rel-11 WI “Uplink closed loop transmit diversity for HSPA” was approved in RAN#50 [1]. Transmit diversity is one of the anti-fading technologies in wireless communication using the identical signal that originates from two or more independent signal sources which have been modulated with the same information-bearing signal. The uplink closed loop transmit diversity (CLTD) scheme requires explicit feedback message with the channel state information (CSI) provided by the Node B receiver. 
In the previous RAN#63bis meeting, some agreements have been reached:
	· Second uplink pilot channel: secondary DPCCH (S-DPCCH)
· R99 DPCCH name, format, etc is not changed!
· At least the following channels are precoded

· DPDCH (if present), HS-DPCCH, E-DPDCH, E-DPCCH

· Working assumption for DPCCH structure:
· DPCCH has same precoding vector as data channels, and S-DPCCH has a different precoding vector

· Check performance comparison w.r.t. other schemes, behaviour with CPC, and evaluate impact of phase discontinuities; revisit or confirm at RAN1#64.
· Working assumption that the Serving NB decides the precoding weights

· Single inner power control loop and single outer power control loop (as per Rel-99)


In this contribution, we will discuss some further issues about downlink feedback and feedback channel design on E-PCICH in details.
2 Codebook design

2.1 Codebook size

[4] studied the impact of codebook size on performance gain of ULTD for the PA3, VA30, and PA0.1 channels. One of the observations is that the additional gain on associated with a codebook consisting of more than 8 code words is small. The gain is studied for the transmit power reduction and the receive power gain. Even though not yet decided, it is expected that some bits in one physical channel would be designated for PCI feedback. We propose that,
Proposal 1: The codebook size is to be decided between 4 code words (2-bit PCI feedback) and 8 code words (3-bit PCI feedback).
2.2 Amplitude component
Compared with equal amplitude, the precoding weights with non-equal amplitude achieved from optimization would provide a gain to some extent. However, as indicated in [4], the upper bound of the additional gain would be approximately 0.5 dB with the SVD based precoding. Meanwhile, some additional bits would be probably required to carry the PCI feedback for the amplitude information depending on the final decision. It is reasonable to keep alignment with the DL MIMO precoding weights design with using the same amplitude among the precoding weights. We propose that,
Proposal 2: The precoding weights in the codebook have the same non-zero amplitude.
2.3 Direct or recursive PCI feedback
As proposed in [2] [8], two orthogonal beamforming weight vectors are to be introduced to precode DPCCH and S-DPCCH respectively, in which case the selection and feedback of weight vector is another important issue that should be taken into account. In [4], designing of the weight vector codebook for closed loop transmit diversity has been studied. Precoding vector selection has also been researched in some details in [5]. 

We focus on the PCI feedback scheme which is categorized into direct or explicit feedback and recursive or implicit feedback in [3]. With the direct feedback the UE is notified explicitly about the specific phase and / or amplitude that should be used at the next transmission. The recursive feedback strategy mentioned in [3] splits one whole codebook space into n smaller codebook spaces. In the consecutive n PCI feedback time slots, only one of the n smaller codebook spaces can be used to pre-determine the precoding vector in each feedback time slot. And all selection results of the consecutive n PCI feedback time slots are combined to determine the actual precoding vector currently. The following Figure 1 gives a simple example.
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Figure 1: Two spitted codebook spaces and arithmetic mean combined.
The schematic diagram shows the two spitted codebook spaces and the combined results using arithmetic mean [3]. Indeed, there are some advantages for this PCI feedback method. From the figure, however, it is obvious that this kind of strategy virtually has reduced the whole codebook space (in this example, the number of codeword is cut down from 4 to 3) and will affect the precoded DPCCH design. 

Based on the above consideration, we propose that,

Proposal 3: Use direct feedback scheme to feedback PCI indicator.
2.4 Precoding weights selection
The selection of the precoding weights was discussed in [5] [6]. The UE only power controls the F-DPCH transmitted from the serving HS-DSCH cell. To ensure the transmission quality, it is expected that the PCI feedback information is only transmitted from the serving NodeB. This expectation is also based on the consideration that the different NodeBs would have their own preferred different precoding weights. It is not reasonable for the UE to combine these precoding weights into a single one. We propose that,
Proposal 4: Confirm the working assumption that the serving NodeB decides the precoding weights as RAN1 agreement.
3 Downlink PCI feedback design based on E-PCICH
In [6] [7], a new physical channel E-PCICH (E-DCH Precoding Control Indicator Channel) had been introduced to transmit the downlink PCI feedback information. Some different strategies of E-PCICH design have been proposed. We take the 2-bit PCI as an example to discuss next and three schemes for E-PCICH designing will be discussed in this section.

3.1 Potential schemes for designing E-PCICH
[7] stated that a new channelization code is used to design the E-PCICH. In each time slot, the E-PCICH distinguishes the user through signatures and is able to support up to 40 UEs per channelization code. And only one PCI bit can be transmitted from the perspective of one UE in one time slot. Figure 2 illustrates this design principle. 
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Figure 2: E-PCICH structure scheme 1 when the PCI information is 2bits.
At the same time, [6] gave an alternative to design E-PCICH. It suggested reusing the existing E-RGCH and E-HICH, namely there is no need to develop a new channelization code to design E-PCICH. The E-PCICH, E-RGCH and E-HICH share the 40 orthogonal signature sequences as defined in Table 16A TS25.211, with each channel configured by higher layers with an identical signature index using the signature hopping pattern as defined in Table 16B TS25.211. Each UE capable of UL CLTD is configured by higher layers with 4 signature indexes, one for E-RGCH, one for E-HICH and two for E-PCICH. To match the existing specification, the same PCI information is transmitted using 3 consecutive slots according to TS25.211. Figure 3 shows this design principle. 
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Figure 3: E-PCICH structure scheme 2 when the PCI information is 2bits.
The other choice of E-PCICH designing is a partial combination of the above two schemes. A new channelization code which is different from the one assigned to E-RGCH and E-HICH is employed to support the E-PCICH. Each UE capable of UL CLTD is configured by higher layers with 2 signature indexes, one for E-PCICH0, the other for E-PCICH1. It is not necessary to transmit the same PCI information in 3 consecutive slots (in scheme 2) since the E-PCICH does not reuse the existing E-RGCH and E-HICH. So there are 20 UEs which is the same affordable number in E-RGCH and E-HICH as the original specification can be supported in the new E-PCICH. Figure 4 shows this design principle.
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Figure 4: E-PCICH structure scheme 3 when the PCI information is 2bits.
3.2 Comparison of schemes
In this sub-section, we will compare each E-PCICH structure scheme from four different aspects and give our proposals on the basis of the comparison.

· Feedback delay and update rate
In [7], feedback delay and update rate of scheme 1 considering the timing relationship had been analyzed. When the PCI information is 2bits, the minimum delay of the PCI information is 4 slots and the minimum update rate of the PCI information is 2 slots to satisfy all the conditions in scheme 1. Scheme 2 uses one more time slot to retransmit the same PCI information in accordance with the existing specification, so the minimum delay of the PCI information is 5 slots and the minimum update rate of the PCI information is 3 slots which are also within a tolerable level. Scheme 3 only uses one time slot to transmit the same PCI information which results in that the minimum delay of the PCI information is 3 slots and the minimum update rate of the PCI information is 1 slot which is the least level in all of the three schemes.
· Code Resource occupation
As reusing the existing channel structure of E-RGCH and E-HICH and there is no extra channelization code to be developed, scheme 2 occupies the least code resources. While scheme 1 and scheme 3 utilize a new channelization code to finish the spreading of a new E-PCICH and additional code resources will be consumed in both of the schemes.
· Compatibility with existing specification
Scheme 2 and scheme 3 both have the relevant compatibility with the original specification to some extent. Specifically, scheme 2 has the same transparency as the E-RGCH and E-HICH transmission because scheme 2 has reused the currently existing construction of E-RGCH and E-HICH and also has implemented the same retransmission of the same PCI in 3 consecutive slots. Besides, like the original E-RGCH and E-HICH transmission, there is no extra channelization code to be used in scheme 2. Scheme 3 can carry along as the same number of UEs (20 UEs) as the E-RGCH and E-HICH can afford in the existing specification, which proves a weaker compatibility than scheme 2. Scheme 1, however, does not have the obvious compatibility which means it may bring a great deal of modification to the specification. 
· Sensitivity with PCI transmission error
It is clear that scheme 2 has the lower sensitivity to the PCI transmission error because it implements the retransmission of the same PCI information in 3 consecutive time slots and can guarantee the correct transmission in a larger probability. Scheme 3 has the strongest sensitivity to the PCI transmission error since only one time slot is used to transmit two bits PCI information. The sensitive property of scheme 1, which uses two consecutive time slots to transmit two bits PCI information, is moderate. 

The comparison of three potential schemes is summarized as following table.

Table 1: Comparison between potential E-PCICH schemes

	Key study points
	E-PCICH schemes

	Comparison results
	Scheme 1
	Scheme 2
	Scheme 3

	Feedback delay and update rate
	Moderate
	Longest
	Shortest

	Code Resource occupation
	More
	Least
	More

	Compatibility with existing specification
	Lowest
	Highest
	Higher

	Sensitivity with PCI transmission error
	Moderate
	Lowest
	Highest


4 Conclusions
In this contribution, we discussed the downlink PCI feedback design on E-PCICH for CLTD. We propose that,
Proposal 1: The codebook size is to be decided between 4 code words (2-bit PCI feedback) and 8 code words (3-bit PCI feedback).
Proposal 2: The precoding weights in the codebook have the same non-zero amplitude.
Proposal 3: Use direct feedback scheme to feedback PCI indicator.
Proposal 4: Confirm the working assumption that the serving NodeB decides the precoding weights as RAN1 agreement. 
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