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1
Introduction

A number of agreements have been made in previous RAN1 meetings regarding the design of the PCI feedback channel. In this contribution, we address the remaining aspects of the design. Specifically,

· Allocation of PCI symbols in the same or different slots

· Association with the sync channel

· Association with the F-DPCH channel

· Power offset of the PCI

The following sections discuss these remaining issues.
2
Allocation of PCI in the F-PCICH
An F-DPCH like channel – the F-PCICH is to be used to carry the PCI information bits using BPSK modulation. It is possible for the F-PCICH and the F-DPCH to have a common channelization code. Alternatively, a separate code resource may also be allocated for the F-PCICH channel. 

While considering the allocation of PCI bits (symbols is equally accurate due to BPSK modulation), the following design objectives are considered:

· Minimization UL PCI feedback delay

· Minimization of channelization code resource consumption

· Uniform reliability of UL PCI bits received in the same slot

· Network flexibility
One way to allocate the symbols is to assign adjacent offsets in the same slot in the F-PCICH channel. In this case, a single offset would be signalled to the UE. Figure 1 illustrates this approach:
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Figure 1: Allocation of PCI in one slot of the F-PCICH channel
The following observations can be made from Figure 1:

· The PCI feedback delay is minimized in this case. In the illustration in Figure 1, the delay is 2 slots. It is beneficial to performance to minimize delay as shown in [2]. 

· The offsets in the slots that are “unused” for a particular UE could be allocated for other UEs. This is possible since the PCI is update at slot boundaries. This ensures maximum code utilization and also allows for network flexibility in allocating PCI offsets to users. 
Alternatively, it is proposed in [1] that the PCI symbols can be allocated over two consecutive slots.  An example of this is shown in 2 symbols in different slots re used for PCI symbols for a UE.  

[image: image2.emf]DL F-PCICH

at UTRAN

DL F-PCICH

at UE

Slot (2560 chips)

0



Propagation Delay

p



UL DPCCH

at UE

UL DPCCH

at UTRAN

DL-UL Timing Offset (1024 chips

PILOT TFCI

TPC

Slot (2560 chips)

Propagation Delay

PILOT

TFCI TPC

UL channel measurement

PCI Feedback Delay = 4 Slots

PCI

TFCI TPC PILOT

PCI

PILOT TFCI TPC

TFCI TPC PILOT TFCI TPC PILOT

PCI PCI

PILOT

TFCI TPC PILOT TFCI TPC PILOT PILOT

PCI

TTI Boundary

PCI Update Rate = 3 slots

TTI Boundary

PCI

PCI

PCI


Figure 2: Allocation of PCI in two slots of the F-PCICH channel

The following observations can be made from Figure 2:

· The PCI feedback delay increases in this case since the UE has to wait for an additional slot to process the PCI information and obtain the weight vectors. Therefore, there is a performance impact due to the relative “staleness” of the PCI information. In the illustration above, the PCI delay is 4 slots. Since the same PCI is applied for 3 slots (3 slot update rate), the last slot has a PCI feedback delay of 7 slots. This can be compared to the PCI feedback delay for the last slot in Figure 1 which is 5 slots.
· The offset in the third slot is left unused. This symbol offset cannot be used as the PCI for another UE (since it occurs only once every 3 slots and contains only 1 symbol). It can also not be used for conveying TPC information. Therefore, this options leads to ineffective code utilization  and consequently network inflexibility

Based on the observations relating to the two options, we propose:

Proposal1: The PCI bits are mapped to F-PCICH symbols in the same slot.

3
Sensitivity to F-DPCH transmission when SCH is present

By design, both the P-SCH and S-SCH when transmitted, contribute towards a non-orthogonal source of interference to the rest of the downlink physical channels. Hence the performance of F-PCICH channel is not necessarily uniform across a slot. 
In particular, in high geometry conditions, the F- PCICH symbol that coincides with the SCH transmission over 256 chips can suffer more when compared to the remaining F- PCICH symbols. In Figure 1, it is observed that at geometry = 10 dB, the performance of the F- PCICH symbol in the presence of SCH interference (i.e. uncancelled) can be ~3.5 dB worse than the rest of the F- PCICH symbols that are received in the absence of SCH interference. Hence, the design should account for this sensitivity by ensuring that both UL PCI bits are received with the same reliability at the UE.
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Figure 3: F-PCICH symbol performance in each symbol of a slot; SF9 corresponds to the symbol which coincides with the P-SCH/S-SCH transmission.
Figure 3 shows that the performance of the F-PCICH channel is appreciably worse when it overlaps with the sync channel especially at high geometries. Therefore, the following is proposed.
Proposal 2: The PCI bits are NOT allocated to the F-PCICH symbol that overlaps with the SCH.
4
Other Aspects

It is also desirable that the UE complexity to process the PCI feedback channel F-PCICH is optimized. 

Since the F-PCICH and F-DPCH channels are similar; if the F-PCICH symbols overlap with the F-DPCH symbols, then the UE would require separate resources for de-spreading and demodulation operations.  On the other hand, if the F-PCICH symbols did not overlap with the F-DPCH symbols, then the UE would be able to reallocate resources to de-spread, demodulate and decode the symbols. Therefore, the following is proposed

Proposal 3: The PCI feedback bits are NOT transmitted on F- PCICH symbols that overlap with the TPC bits on the F-DPCH channel. 
Finally, it has been shown in previous contributions [3], that the performance of CLTD is quite dependent on the PCI quality. It is essential that the feedback error rate is minimized to obtain maximum gains. Therefore, we propose the following
Proposal 4: A power offset relative to the DPCCH (or F-DPCH) channel is introduced for the F-PCICH channel for the transmission of PCI feedback. This offset is signalled from the RNC to the NodeB. 
5
Conclusions

In this contribution, the remaining issues pertaining to the design of the PCI feedback channel are addressed. The design choices are proposed and the pros and cons of the different options are discussed. Based on the observation, the following proposals are made:

Proposal 1: The PCI bits are mapped to F-PCICH symbols in the same slot.

Proposal 2: The PCI bits are NOT allocated to the F-PCICH symbol that overlaps with the SCH.

Proposal 3: The PCI feedback bits are NOT transmitted on F- PCICH symbols that overlap with the TPC bits on the F-DPCH channel. 
Proposal 4: A power offset relative to the DPCCH (or F-DPCH) channel is introduced for the F-PCICH channel for the transmission of PCI feedback. This offset is signalled from the RNC to the NodeB. 
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