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1
Introduction

In RAN1#64, with respect to the choice of DL physical channel to carry UL PCI feedback, the following working assumption was made:

· PCI feedback is carried on an F-DPCH-like channel (at least for the case when F-DPCH is transmitted)

In this contribution, we discuss some design details and outstanding issues that are relevant to this working assumption.
2
Key Metrics to Consider
2.1 
Channelization Code Resource Consumption
As was shown in [1], the F-DPCH consumes more channelization code resources compared to the E-PCICH. The analysis was performed for the following cases:
· 100 % penetration of UL CLTD users ( 5-60 users/cell)

· E-RGCH configured or not per user

· Number of PCI bits/slot = 1, 2, 3

Some key observations of resource consumption of the F-DPCH scheme were as follows:

· For the case when E-RGCH was configured per user, irrespective of the number of UL CLTD users/cell, the increase in channelization code resource consumption ranged from 20% to 43% as the number of PCI bits/slot increased from 1 to 3.

· For the case when E-RGCH was not configured per user, irrespective of the number of UL CLTD users/cell, the increase in channelization code resource consumption ranged from 25% to 50% as the number of PCI bits/slot increased from 1 to 3.

In the case when there is a mix of UL CLTD and non UL CLTD users per cell, the increase in code consumption is dampened somewhat. For example, if we were to assume 10 legacy users (i.e. non –CLTD users) and 5 CLTD users, then the total increase in code space is 14% due to F-DPCH based scheme over the E-PCICH scheme (compared to 33.33% for the 15 CLTD user case. 

While the focus in [2] shed light on the relative comparison of F-DPCH vs. E-PCICH in terms of downlink transmit power and downlink channelization code resource consumption, the fact remains that it is costly to transmit multiple UL PCI bits/slot on F-DPCH in terms of channelization code resource. Hence it is important to optimize the channelization code resource utilization of UL PCI bits in the design.

2.2
Key Observations from UL PCI Feedback Link Analysis
Some important questions related to UL PCI feedback requirements are as follows:

· How many bits to represent the UL PCI feedback?

· Phase only or Amplitude and Phase

· What is the required UL PCI feedback update rate?

· What is the maximum limit on the UL PCI delay?

In [2], based on an extensive link analysis of the UL PCI feedback, the following was proposed:

Proposal 4: The PCI codebook contains 2 bit phase only feedback
Proposal 7: The PCI feedback rate is either 1 slot or 3 slots (2ms)
Furthermore, in [3], an extensive link analysis was performed to study the sensitivity of the performance to PCI feedback delay. In particular, it was shown that while there was no sensitivity to feedback delay (varied between 2, 3 and 4 slots) for slow speed (3km/hr) pedestrian channels, there was still some performance degradation of the order of 0.3 dB observed in terms of UE transmit power gain for medium speed (30 km/hr) vehicular channels. Hence there is some value in minimizing the feedback delay as much as possible. Accordingly the following was proposed in [2]:

Proposal 6: The PCI feedback delay as defined in [3] (Figures 7 and 8) is either 1 slot or 2 slots based on the location of PCI bits in a slot.
2.3
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-DPCH is not necessarily uniform across a slot. In particular, in high geometry conditions, the F-DPCH symbol that coincides with the SCH transmission over 256 chips can suffer more when compared to the remaining F-DPCH symbols. In Figure 1, it is observed that at geometry = 10 dB, the performance of the F-DPCH symbol in the presence of SCH interference (i.e. uncancelled) can be ~3.5 dB worse than the rest of the F-DPCH 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 1: F-DPCH symbol performance in each symbol of a slot; SF9 corresponds to the symbol which coincides with the P-SCH/S-SCH transmission.
3 
Final UL PCI Feedback Design

Taking the following objectives into account:

· Minimize channelization code resource consumption

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

· Allow flexibility to the network in allocating UL PCI bits and UL TPC bits to a single user

We arrive at the following proposals:

Proposal 1: The PCI feedback rate is 3 slots or one 2ms subframe.

Proposal 2a: The PCI feedback consists of 2 bits of phase only feedback and is transmitted in a single slot to the UE on the F-DPCH. This ensures minimal feedback delay.

Proposal 2b: The slot index per 2ms subframe and the two F-DPCH symbol indices (ON periods) within a slot will be signaled to the UE. This allows for optimal code utilization where in each of the other 2 slots in the subframe, the same F-DPCH symbols are allocated to a different UE. Figure 3 illustrates an example of this proposal.
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Figure 2: Example of time division multiplexing of PCI bits across 3 users in a 2ms sub-frame
Proposal 2c: If it is desired to optimize the channelization code consumption further, consider transmitting the 2 PCI bits using QPSK instead of BPSK at the expense of 3dB increase in F-DPCH transmit power.
Proposal 3: Allow for the 2 UL PCI bits to be transmitted on a channelization code that is different from the channelization code used to carry the UL TPC bit. Note this proposal still requires that both the PCI bits are transmitted on the same channelization code.

Proposal 4: Neither of the UL PCI bits are transmitted on the F-DPCH symbol that overlaps with the SCH.

Proposal 5: The power offset of F-DPCH PCI bits relative to F-DPCH TPC bits is signaled to the UE.

Proposal 6: Agree to specify a UE behaviour when any of the UL PCI bits cannot be reliably detected in a F-DPCH slot.

Proposal 7: The PCI feedback delay as defined in Figures 3 and 4 is either 1 slot or 2 slots based on the location of PCI bits in a slot.
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Figure 3: Transmitter timing for 2 PCI bits sent at the beginning of F-DPCH slot in symbols 0 and 1
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Figure 4: Transmitter timing for 2 PCI bits sent in the F-DPCH slot at symbols 6 and 8

5
Conclusions

A few outstanding issues with regard to the choice of the DL physical channel to carry UL PCI feedback were discussed and addresssed. Based on the discussion in this contribution, we have the following proposals:
Proposal 1: The PCI feedback rate is 3 slots or one 2ms subframe.

Proposal 2a: The PCI feedback consists of 2 bits of phase only feedback and is transmitted in a single slot to the UE on the F-DPCH. This ensures minimal feedback delay.

Proposal 2b: The slot index per 2ms subframe and the two F-DPCH symbol indices (ON periods) within a slot will be signaled to the UE. This allows for optimal code utilization where in each of the other 2 slots in the subframe, the same F-DPCH symbols are allocated to a different UE.
Proposal 2c: If it is desired to optimize the channelization code consumption further, consider transmitting the 2 PCI bits using QPSK instead of BPSK at the expense of 3dB increase in F-DPCH transmit power.

Proposal 3: Allow for the 2 UL PCI bits to be transmitted on a channelization code that is different from the channelization code used to carry the UL TPC bit. Note this proposal still requires that both the PCI bits are transmitted on the same channelization code.

Proposal 4: Neither of the UL PCI bits are transmitted on the F-DPCH symbol that overlaps with the SCH.

Proposal 5: The power offset of F-DPCH PCI bits relative to F-DPCH TPC bits is signaled to the UE.

Proposal 6: Agree to specify a UE behaviour when any of the UL PCI bits cannot be reliably detected in a F-DPCH slot.

Proposal 7: The PCI feedback delay as defined in Figures 3 and 4 is either 1 slot or 2 slots based on the location of PCI bits in a slot.
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