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1. Introduction

At RAN1#64 meeting, simulations and discussions were given with regard to downlink PCI feedback channel [2]-[5]. This document presents discussions on detailed downlink PCI feedback channel schemes and formats.
2. Downlink PCI feedback channel schemes
In this section, we compare several current downlink PCI feedback schemes on the basis of F-DPCH-like channel design. It is mainly considered that the compatibility issues of the downlink PCI design when DCH is configured.
2.1 Time-multiplex PCI and TPC
Option 1.1 is shown in Figure 1. The TPC commands and the PCI information are mapped to different F-DPCH slots in this scheme. F-DPCH slot formant and transmission remains unaltered. The drawback is that it will reduce the rate of power control.
Option 1.2 is shown in Figure 2. The TPC commands and the PCI information are mapped to the 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 less UEs are supported in a single channelisation code. 
In addition, for Option 1.1 and Option 1.2:
· If DCH is not configured and E-DCH is configured, the F-DPCH could be configured as Figure 1 or Figure 2.
· Alternatively, if DCH is configured and E-DCH is configured, the Option 1.1 and Option 1.2 cannot be directly applied. The possible solution is to carry PCI bits on a new physic channel or on a reused current physic channel, such as design PCI bits on DPCCH in [2]. 
· Irrespective having a new physic channel or a reused current physic channel, the downlink PCI feedback channel format is different in terms of DCH configured or not. Therefore, the compatibility of this solution should be discussed.
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Figure 1: Option 1.1, the downlink PCI feedback channel design when the PCI information is 2bits
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Figure 2: Option 1.2, the downlink PCI feedback channel design when the PCI information is 2bits
2.2 Code-multiplex PCI and TPC
Option 1.3 is shown in Figure 3. The TPC commands and the PCI information are distinguished by different code sequences. The advantage of this design is that implementations are simplified. The drawback is that it fragments the resource.
For Option 1.3:

· If DCH is configured and E-DCH is configured, the UE can still receive TPC on the DPCCH, and additionally monitor PCI on a new F-PCICH channel (in the form of F-DPCH channel, F-PCICH stands for Fractional Precoding Control Indication Channel), as shown in Figure 3.

· Despite of DCH configured or not, the downlink PCI feedback channel format can keep consistence. There is no compatibility issue.
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Figure 3: Option 1.3, the downlink PCI feedback channel design when the PCI information is 2bits
2.3 Summary
· Option 1.1 and Option 1.2 can not be directly applied when DCH is configured with compatibility issues on downlink PCI feedback channel; 
· Option 1.3 has no compatibility issues and is easy to implement. 
Therefore, we prefer Option 1.3, in which the PCI feedback information is carried on F-PCICH (F-DPCH-like channel design).
3. Downlink PCI feedback channel format
Based on F-PCICH in Figure 3, this section discusses the downlink PCI feedback channel format.

3.1 One PCI symbol per slot 

In Figure 4 and Figure 5, the schemes, in which one PCI symbol per DPCH slot, generally include two methods:.
· Option 2.1: one PCI bit in one symbol per slot, which is same to legacy TPC format on F-DPCH. For example: there is {0, 0} or {1, 1} in one symbol to represent one PCI bit.
· Option 2.2: two PCI bits in one symbol per slot. For example: there are {0, 1}, {0, 0}, {1, 1} or {1, 0} in one symbol to represent two PCI bits.
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Figure 4: Option 2.1, one PCI bit in one symbol per slot
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Figure 5: Option 2.2, two PCI bits in one symbol per slot
Comparison of Option 2.1 and Option 2.2:
· Assume that the required power value is “a” in Option 2.1, under the same precision of PCI, the required power value is larger than “2*a” for Option 2.2, due to the code distance of Option 2.2 is smaller.
· As shown in Figure 6a, Option 2.1 can support that the shortest PCI update rate is 2 slots and the minimum PCI feedback delay is 2 slots when the PCI symbol location is restricted and the PCI information is 2-bit. As shown in Figure 6b, Option 2.1 can support that the shortest PCI update rate is 2 slots and the minimum PCI feedback delay is 3 slots when the PCI symbol location is not restricted and the PCI information is 2-bit.

· In Figure 7a, Option 2.2 can support that the shortest PCI update rate is 1 slot and the minimum PCI feedback delay is 1 slot when the PCI symbol location is restricted and the PCI information is 2-bit. In Figure 7b, Option 2.2 can support that the shortest PCI update rate is 1 slot and the minimum PCI feedback delay is 2 slots when the PCI symbol location is not restricted and the PCI information is 2-bit.

· Option 2.1 no need to change current F-DPCH channel modulation and demodulation process. 
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Figure 6a: As Option 2.1, transmitter PCI timing in which one PCI bit in one symbol per slot, when the PCI symbol location is restricted and the PCI information is 2bits
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Figure 6b: As Option 2.1, transmitter PCI timing in which one PCI bit in one symbol per slot, when the PCI symbol location is not restricted and the PCI information is 2bits
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Figure 7a: As Option 2.2, transmitter PCI timing in which two PCI bits in one symbol per slot, when the PCI symbol location is restricted and the PCI information is 2bits
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Figure 7b: As Option 2.2, transmitter PCI timing in which two PCI bits in one symbol per slot, when the PCI symbol location is not restricted and the PCI information is 2bits
3.2 N PCI symbols per slot 

Option 2.3 is shown in Figure 8. There are two PCI bits in two symbols in one F-DPCH slot. There is {0, 0} or {1, 1} in one symbol to represent one PCI bit.

· The number of the UEs that can support as Option 2.3 is reduced comparing with Option 2.1 or Option 2.2.
· When the PCI symbol location is restricted and the PCI information is 2-bit, Option 2.3 can support that the shortest PCI update rate is 1 slot, and the minimum PCI feedback delay is 1 slot, as in Figure 9a.

· When the PCI symbol location is not restricted and the PCI information is 2-bit, Option 2.3 can support that the shortest PCI update rate is 1 slot, and the minimum PCI feedback delay is 2 slots, as in Figure 9b.
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Figure 8: Option 2.3, in which two PCI bits in two symbols per slot, when the PCI information is 2bits
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Figure 9a: As Option 2.3, transmitter PCI timing in which two PCI bits in two symbols per slot, when the PCI symbol location is restricted and the PCI information is 2bits
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Figure 9b: As Option 2.3, transmitter PCI timing in which two PCI bits in two symbols per slot, when the PCI symbol location is not restricted and the PCI information is 2bits
3.3 Summary
For Option 2.1:
· Compared with current F-DPCH process, Option 2.1 is easy to implement since it could reuse the existing modulation and demodulation process, etc. 

· When the PCI symbol location is not restricted and the PCI information is 2-bit, Option 2.1 can support that the shortest PCI update rate is 2 slots and the minimum PCI feedback delay is 3 slots.
· The required power per symbol of Option 2.1 is smaller than that of Option 2.2. 
· The number of the UEs that can support is 10.
For Option 2.2:

· Option 2.2 does not directly reuse current F-DPCH process.
· When the PCI symbol location is not restricted and the PCI information is 2-bit, Option 2.1 can support that the shortest PCI update rate is 1 slot and the minimum PCI feedback delay is 2 slots.
· The required power per symbol of Option 2.2 is larger than that of other options. 

· The number of the UEs that can support is 10.

For Option 2.3:

· Option 2.2 does not directly reuse current F-DPCH process.

· As Figure 7a and Figure 7b, when the PCI symbol location is not restricted and the PCI information is 2bits, Option 2.1 can support the shortest PCI update rate is 1 slot and the minimum PCI feedback delay is 2 slots.
· The required power per symbol of Option 2.3 is smaller than that of Option 2.2 and same with Option 2.1. 

· The number of the UEs that can support is 5.
In Table 1 [1], we see that the performance of these options is no obvious difference for the PA3 channel and the VA30 channel. Compared with the three options We summarize some comparisons in Table 2, and according to the analysis above, we prefer Option 2.1, in which one PCI bit in one symbol per slot.
Table 1: Tx gain, when the codebook size is 4 for three options of the downlink feedback channel format schemes.
	Tx gain
	Feedback Delay is 3 slots, Update Rate is 3 slots.    (like as Option 2.1)
	Feedback Delay is 2 slots, Update Rate is 1 slot.   (as Option 2.2)
	Feedback Delay is 2 slots, Update Rate is 1 slot.   (as Option 2.3)

	PA3
	2.16
	2.18
	2.18

	VA30
	0.8
	1.01
	1.01


Table 2: Comparisons of three options of the downlink feedback channel format schemes, when the codebook size is 4.
	
	Option 2.1
	Option 2.2
	Option 2.3

	The required power for the same accuracy of PCI
	Low
	High
	Low

	The number of the UEs in one F-DPCH slot resource
	10
	10
	5

	The shortest update rate[slot]
	2
	1
	1

	The minimum feedback delay[slot]
	2 or 3
	1 or 2
	1 or 2

	Reuse existing process of F-DPCH channel
	Yes
	No
	Yes


4. Conclusion
In this document we discussed on possible downlink PCI feedback channel schemes and possible downlink PCI feedback channel format schemes. Section 2 shows Option 1.3 code-multiplex PCI and TPC shall be applied to downlink PCI feedback channel since it could be directly compatible when DCH is configured. Section 3 shows Option 2.1, in which one PCI bit in one symbol per slot is the balance between the complexity and the performance. In summary, we make the following proposals: 
Proposal 1: Introduce a new physical channel (named as F-PCICH) to carry PCI feedback information.

Proposal 2: The downlink PCI channel format shall be one PCI bit in one symbol per slot.
Proposal 3: Reuse legacy {0, 0} or {1, 1} format in one symbol to represent one PCI bit.
Proposal 4: The UE should apply the PCI weights at the beginning of the first next uplink DPCCH slot boundary, if the first next uplink DPCCH slot boundary starts 512 chips or more after the reception of the whole PCI information. 
Proposal 5: The UE should apply the PCI weights at the beginning of the second next uplink DPCCH slot boundary, if the first next uplink DPCCH slot boundary starts less than 512 chips after the reception of the whole PCI information.
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