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1. Introduction

A few papers were presented on closed loop transmit diversity (CLTD) for HSUPA in previous RAN1#62 – RAN1#63 meetings [1][2][3][4][6]. At RAN#50 CLTD has been approved as a work item. For CLTD scheme, the PCI feedback on downlink physical channel is an important study point.

This document discusses some principles of downlink PCI feedback scheme design and analyses the principles in reusing F-DPCH and redesigning E-RGCH/E-HICH scheme (new physical channel named E-PCICH).
2. Principles of downlink PCI feedback design
This part gives the outline of high-level design principle for the downlink physical channel as follow:
· Less impact. The feedback channel should be as less impact on the existing physical channel as possible for sake of not introducing disadvantages to current specifications and procedures. 
· Short delay. PCI should need short feedback delay. The PCI information is generated from previous pilot of and then feedbacks to UE. If feedback delay is not short enough, the PCI information would be invalid and results in CLTD gain degradation, especially for the fast or even moderate time-varying channel, e.g. VA30 channel.
· Low error. PCI should maintain a low error rate. The error rate may also affect the gain of the CLTD. Moreover,, it is worthy to mention that the error rate of the PCI directly impacts on the performance of HS-DPCCH, which in consequence affects the downlink performance.
3. Analysis of downlink PCI feedback scheme on F-DPCH
Reusing F-DPCH is a feasible option to carry the PCI feedback information. This section takes reusing F-DPCH as an example to analyse the PCI feedback channel design principle on the basis of above aspects. 
3.1 Analysis of the impact of the scheme 
Reusing F-DPCH as the feedback design was specifically illustrated in [2]. There are basically three schemes on F-DPCH for PCI feedback design, including time division multiplexing, symbol division multiplexing and code division multiplexing. Irrespective of schemes, the index information bits of pre-coding vectors are placed directly on the F-DPCH, which is easily misinterpreted due to channel fading.

· Time Division Multiplexing 
The scheme 1 is time division multiplexed information in Figure 1. The TPC commands and the PCI information are mapped to different F-DPCH slots in this scheme. The advantage of this design is that the F-DPCH slot transmission and timing remain unaltered, and TPC commands are less affected by PCI information due to time division. The drawback is that will reduce the rate of TPC commands.
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Figure 1: The PCI feedback design on F-DPCH scheme 1 when the PCI information is 2bits
· Symbol Division Multiplexing 
The scheme 2 is symbol division multiplexing information in Figure 2. The TPC commands and the PCI information are put into consecutive symbols in the same F-DPCH slot. The advantage of this design is that the rate of TPC commands remains unvaried. The drawback is that the F-DPCH slot format needs to be changed and it might impact on TPC commands if some kind of joint-coding with the symbol in TPC field is applied.
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Figure 2: The PCI feedback design on F-DPCH scheme 2 when the PCI information is 2bits
· Code Division Multiplexing
The scheme 3 is code division multiplexed information in Figure 3. The TPC commands and the PCI information are distinguished by different code sequences. The advantage of this design is that implementation is simplified. The drawback is that it fragments the resource.
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Figure 3: The PCI feedback design on F-DPCH scheme 3 when the PCI information is 2bits
3.2 Analysis of feedback delay

The F-DPCH transmission format should not be changed, in order to be compatible with the current specifications and maintain same accuracy as TPC. Since the PCI delay and the PCI update rate directly impact on the CLTD gain, so it is very important to analyse downlink PCI feedback channel timing. 
As shown in Figure 4, when the PCI information is 2 bits, the NodeB uses the pilot data of the (n-1)th slot or more to generate the precoding vector (also may use some pilot data in the nth slot actually). The corresponding PCI information is transmitted to UE on the F-DPCH in the (n+1)th slot and (n+2)th slot. Then the UE would apply the PCI to the necessary physical channels in (n+2)th slot. In Figure 4, the minimum delay of the PCI is 2 slots and the minimum update rate of the PCI is 2 slots. Similarly, as shown in Figure 5 where N0FF1 is larger than 2, the minimum delay of the PCI is 3 slots and the minimum update rate of the PCI is 2 slots. In summary, when the PCI information is 2bits, the minimum delay of the PCI information should be 3 slots, and the minimum update rate of the PCI information should be 2 slots, so as to satisfy all the conditions in reusing F-DPCH scheme.
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Figure 4: Transmitter PCI timing on F-DPCH with N0FF1 of 0 or 2 when the PCI information is 2bits.
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Figure 5: Transmitter PCI timing on F-DPCH with N0FF1 larger than 2 when the PCI information is 2bits.
Figure 6 and Figure 7 show the case that PCI information is 3bits. In summary, the minimum delay of the PCI information should be 4 slots, and the minimum update rate of the PCI information should be 3 slots, so as to satisfy all the conditions in reusing F-DPCH scheme.
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Figure 6 Transmitter PCI timing on F-DPCH with N0FF1 of 0 or 2 when the PCI information is 3bits.
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Figure 7: Transmitter PCI timing on F-DPCH with N0FF1 larger than 2 when the PCI information is 3bits.
3.3 Analysis of the PCI error

The error rate is another important aspect for downlink PCI feedback channel design. On the basis of unchanged F-DPCH transmission format, the false detection probability of the PCI information would be the same to TPC while the PCI information is transmitted 1bit in each slot. Furthermore, the accuracy of the PCI may require being larger than that of TPC commands, since the PCI error directly impacts on link level performance. If PCI error rate is high, it has to increase the F-DPCH power to improve the detection accuracy. In the case, extra PCI power offset value should be introduced, in order to avoid affecting the normal power control.

4. Analysis of downlink PCI feedback scheme on E-PCICH

In Section 3, we analysed the compatibility, delay and error rate of reusing F-DPCH scheme. The power of the PCI feedback may have to set relative high to further reduce error. An alternative approach is to design PCI feedback channel on the basis of E-RGCH. The feedback physical channel is able to redesign E-RGCH/E-HICH, named as the E-PCICH (SF=128). This section analyses the characteristics of this feedback channel according to the design principles.
4.1 Analysis of the impact of the scheme 
Reusing or redesigning E-RGCH/E-HICH is a probable solution for the feedback design which was illustrated in [4]. The slot transmission format can be designed as same as E-RGCH/E-HICH. One slot, rather than one TTI, is a statistical unit on E-PCICH. The E-PCICH distinguishes the user through signatures and is able to support up to 40 UEs per channelization code. There are many possible coding schemes. Table 1 lists an example of PCI mapping with coding sequences when the PCI information is 2bits.
Table 1: PCI mapping with the coding sequence on E-PCICH when the PCI information is 2bits

	PCI
	coding sequence

	0
	11

	1
	10

	2
	01

	3
	00


The PCI feedback scheme is shown in Figure 8. The advantage of this design is that the E-PCICH slot transmission format remain unaltered as E-RGCH/E-HICH, so that the current physical channels are less affected. 
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Figure 8: The PCI feedback design on E-PCICH scheme when the PCI information is 2bits.
4.2 Analysis of feedback delay

The feedback delay in E-PCICH scheme is shorter than directly reusing E-RGCH/E-HICH. As shown in Figure 9 and Figure 10, the PCI feedback process is similar with reusing F-DPCH scheme, but the PCI information takes effect on slot boundary. 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 the E-PCICH scheme. Furthermore, the PCI information can also be extended to 3bits in this scheme.
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Figure 9: The optimal transmitter PCI timing on E-PCICH when the PCI information is 2bits.
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Figure 10: The common transmitter PCI timing on E-PCICH when the PCI information is 2bits.
4.3 Analysis of the PCI error

The PCI error rate of the E-PCICH would be lower, since it has higher information redundancy in one slot that overcomes the impact of the fading channel on the PCI. The accuracy of the PCI information on E-PCICH would be larger than that on F-DPCH when the power of the E-PCICH is set same to the F-DPCH. 
5. Conclusions

The contribution firstly discusses the initial principles of the downlink PCI feedback channel design. Furthermore, we analysed the impact of these principles in reusing F-DPCH and the E-PCICH scheme. We investigated the minimum delay value for reusing F-DPCH schemes that leads to no restriction for the UE and the NodeB. In the E-PCICH scheme, we could achieve low transmission power, less PCI error and more UEs supporting, though the PCI delay of E-PCICH may be larger than F-DPCH scheme.
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