3GPP TSG-RAN WG1 Meeting #66
R1-112063
Athens, Greece, August 22nd – 26th, 2011
Agenda item:
5.2.1 Feedback, Uplink Transmit Diversity for HSPA – closed loop 
Source:

InterDigital Communications, LLC
Title:

F-PCICH design and considerations
Document for:
Discussion/Decision
1 Introduction
At RAN1 #65 meeting, the following agreements and working assumptions were made regarding the feedback channel design:
Agreement:
· Feedback update rate
· Physical layer supports 3-slot update rate
· Consider further whether any special behaviour (e.g. faster update rate) is needed for CPC
· FFS between recursive / absolute feedback. 
· FFS whether RRC-based reduction of the update rate is supported
· Codebook contains only phase components
· Antenna selection is supported, but not within the codebook
· Codebook size 4
· Confirm working assumption that PCI feedback is carried on F-DPCH-like channel, the F-PCICH
· SF256 channelisation code and slot format configured per UE in the same way as for F-DPCH
· The channelisation codes of F-PCICH and F-DPCH (if configured) are not constrained to be the same
· Applicable also for DCH-only case
Working assumption:
· update rate of UE’s precoder is once per 2ms
· Consider further whether any special behaviour (e.g. faster update rate) is needed for CPC
Consider these methods in the context of CPC.
Consider how often the UE can update its precoder.
In this contribution, we first address the remaining F-PCICH channel design details and then evaluate the impact of the 2ms precoder update rate restriction on CPC operations.
2 Discussion
For convenience and to simplify the discussion, we define the following: one PCI symbol corresponds to 2 PCI information bits indicating a particular pre-coding codeword (one of four), and one F-PCICH resource corresponds to one QPSK symbol with spreading factor 256, i.e., every F-PCICH slot contains 10 F-PCICH resources.  
2.1 PCI transmission schemes
In the past meetings, a number of possible solutions for the structure of the F-PCICH were proposed and discussed (see e.g. [3], [4]).  We first describe the current space of candidate solutions in view of the latest agreements (codebook size is 4, the PCI update rate of 3 slots, and the F-PCICH structure (F-DPCH-like)) and then analyze the potential of each candidate solution.

We can first categorize the potential candidate solutions by their latency and the modulation format they each require (BPSK vs. QPSK).  

2.1.1 Single slot approaches
A first set of candidate solution require a single slot for transmitting the 2 bit information.  The main advantage of single-slot approaches is that it reduces the signaling latency.  As discussed and shown for example in [6], feedback latency has the potential to degrade the performance of UL CLTD quite significantly, particularly at speed higher than 3km/h (e.g. in VA30 degradations in the order of 0.5dB were measured in [6]).  However the performance degradation to small increase in latency may not be that significant for slow moving channels.
Figure 1 and Figure 2  show the BPSK and QPSK cases, respectively.   For illustration purposes, three slots are shown with the case where two UEs are being signaled.
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Figure 1:  Single slot solution with BPSK
In the BPSK case, as it can be observed from Figure 1, two F-PCICH resources (we define an F-PCICH resource as one SF=256 symbol over one channelization code) are necessary to carry the 2 bits PCI.  Thus each slot can carry the signal for up to 5 UEs, and since the signaling is every TTI, this means that the scheme can support up to 15 UEs per channelization code.
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Figure 2: Single slot solution with QPSK

In the QPSK case, only one F-PCICH resource is needed per UE, and as it can be deducted from Figure 2, up to 10 UEs per slot may be supported per channelization code and for TTI-wise PCI indication this implies that up to 30 UEs per channelization code may be supported.
2.1.2 Dual slots approaches
A second set of approaches require 2 slots for signaling.  Figure 3 illustrates the dual slots solution with BPSK.  The main difference with the single slot solution for BPSK illustrated in Figure 1 resides in the location of the PCI bits: in the dual-slot approach the two bits of the PCI are signaled on a different slot.  
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Figure 3: Dual-slot solution with BPSK
While this approach requires the same amount of F-PCICH resources as the single-slot approach for BPSK, we note that for a 3 slot update rate, one set of resources may not be used by other UEs (this is because of  2 out of 3 slots that are being used by a given resources on a 3 slot cycle).  This is illustrated in Figure 3 with the crossed F-PCICH resources.  Since these resources are un-usable by other UEs the total number of UEs that can be supported per F-PCICH channelization code becomes 10. 
Note that with QPSK, there is no need for transmitting the signal across slots; however it may be used to improve reliability and reduce the instantaneous power, as discussed in Section 2.2.  Analysis of the candidate approaches
In terms of total transmit power utilization, the approaches presented in Figure 1 to Figure 3 are equivalent.  Where they differ though is in the instantaneous power usage; QPSK based approaches require more instantaneous power.  This however may be mitigated by using repetition as discussed in Section 2.2.
In terms of hardware implementation, it may appear at the surface that BPSK approaches may be simpler to implement than QPSK approaches due to the availability of the F-DPCH.  However, we note that a QPSK demodulator is needed and available anyways for demodulation of other downlink control channels.  Both methods may thus be considered equivalent from an implementation standpoint.

Table 1 summarizes the characteristics of the candidate approaches in terms of the signaling latency required, the F-PCICH resources usage and number of UEs that can be supported by a single channelization code and the instantaneous power required (for similar error probability).
Table 1: Comparison of three approaches (codebook size 4, PCI update rate 2ms)

	Criteria
	Single slot approach
	Dual slot approach

	
	BPSK
	QPSK
	BPSK

	Signaling latency (in slots)
	1
	1
	2

	The number of F-PCICH resources required per UE
	2
	1
	2

	Maximum number of CLTD UEs supported per signaling interval (3 slots) per code
	15
	30
	10

	Instantaneous power required
	P*
	2P
	P


* Note: P is a reference power unit, used here for illustration purposes.
From the discussion and Table 1, we observe that QPSK is the most efficient in terms of F-PCICH resource usage but also requires the largest instantaneous power.   We also observe that there is no clear advantage to using dual slot approach with BPSK compared to the single slot approach with BPSK; indeed the former is less resource efficient and unnecessarily increase the latency.  We therefore propose the following:
Proposal 1: 
PCI information is transmitted over a single slot on the F-PCICH.

Proposal 2: 
The 2 bit PCI information uses one F-PCICH symbol.
2.2 Improved reliability via symbol repetition
From the previous discussion we note that using QPSK (i.e. 2 bits per F-PCICH symbol) is the most resource efficient way of using the F-PCICH resources.  On the other hand it requires more instantaneous power than the BPSK approach.  It may be relevant for the network to have the flexibility to trade downlink power for additional F-PCICH resources.  The following symbol repetition may be used to that end.

By using F-PCICH symbol repetition, instantaneous downlink power may be reduced, at the expense of additional use of F-PCICH resources.  Figure 4 and Figure 5 illustrate the concept for a repetition factor of 2 and 3, respectively. 
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Figure 4: Repetition with two F-PCICH QPSK symbols
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Figure 5: Repetition with three F-PCICH QPSK symbols

We note that using repetition by a factor of 2 with QPSK is equivalent, from a resource utilization and instantaneous power perspective to the single slot approach with BPSK illustrated in Figure 1.  Using QPSK however gives additional flexibility in the repetition factor compared to using BPSK since F-PCICH symbols are not restricted to pairs; odds repetition factor can thus be used.

While this approach provides more flexibility at the network for using its resources, it also incurs additional UE complexity (e.g. soft combining).  We also note that such configurations would need to be signaled via RRC and would not permit fast adaptation.

2.3 PCI indication mapping

As observed by several companies during the simulation phase of this work item, signaling errors leading to large phase errors in the precoding weight are the most detrimental for the UE performance.  Thus it was proposed to protect with larger Euclidean distance the codebooks with larger phase difference.

For a phase-only codebook of size 4, the following index mapping in Table 2 ensures that large phase differences are more protected from errors.
Table 2: Codeword index mapping

	Codeword index

b1,b2
	Precoding weight phase

(in degrees)

	0,0
	0 º

	0,1
	90 º

	1,0
	270 º

	1,1
	180 º


Proposal 3: 
Map the PCI index to better protect errors leading to large phase difference.

2.4 Impact to CPC Operations
According to the working assumption, the PCI update rate is 2ms. However, it is not clear from the working assumption whether the UE is restricted to change its uplink weights at the E-DCH subframe boundary or not.  We show in the following that if the UE is allowed to change its uplink weights within one E-DCH subframe there are no significant impacts on CPC operation over when PCI update rate is slot by slot.

When uplink DTX is enabled in CPC, the UE is configured to transmit DPCCH bursts at regular intervals preceded by a 2 slot DPCCH preamble and a 1 slot.  When the UE is in DTX, the NodeB is not receiving pilots and cannot issue PCI commands on the downlink.  During that time, the UE should hold its PCI weights until the next update, as it was agreed for the compressed mode gap case.

Proposal 4: 
The UE holds the last PCI uplink weight it received between CPC bursts.

In the next few examples, we show the impact of restricting the weight update to the E-DCH subframe boundary on CPC operations.  An example where the UE is configured with a DTX cycle 1/4 and a 3-slot PCI delay is shown in Figure 10 when slot-wise update rate is allowed.  As it can be observed, the UE holds its weights during the DTX period and applies the new weights at the second slot of the E-DCH TTI, as signaled by the NodeB as a result of the pilot measurement on the first slot of the DPCCH preamble.
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Figure 10: DTX cycle 1/4 with slot-wise PCI update rate allowed
Figure 11 shows the same UE DTX configuration, but here it is assumed that the UE is restricted to update its PCI weights only at the E-DCH subframe boundary.  As it can be observed, in that case the UE has to hold its weights longer and the weight update would be applied only for the DPCCH postamble.  This situation may not be desirable as the UE would only update its PCI weights after the DPCCH burst increasing the effective latency of UL CLTD.
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Figure 11: DTX cycle 1/4 with only TTI-wise PCI update rate allowed: holding PCI for longer duration
To avoid such kind of performance loss, a longer preamble or postamble may be configured and transmitted.  This concept is illustrated in Figure 12.  One disadvantage of this method is that changes to CPC may be required and potentially additional configuration parameters for the length of preamble and/or postamble may need to be specified. 
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Figure 12: DTX cycle 1/4 with only TTI-wise PCI update rate allowed: increasing preamble length
In view of the above discussion, we make the following observations:
· With proper timing configuration, it is possible to have the UE update its uplink weights during a DPCCH burst when the UE is not restricted to update its weights at the E-DCH subframe boundary.
· If the UE is restricted to update its weights at the subframe boundary, UL CLTD performance with UL DTX may be degraded.  To mitigate the impact, the following approaches may be considered:

· Add one or more slot to the DPCCH preamble (as in Figure 12); 

· Allow PCI slot-rate updates in CPC operations.

Unless there is significant performance degradation, it seems that the simplest solution would be to allow uplink updates to occur at any slot (according to a fixed timing).  This approach allows one uplink weight update during a DPCCH burst.  When the UE transmits for longer period of time (if not restricted by configuration), then updates would occur as in normal operations.
Proposal 5: 
Clarify that for 2ms PCI update rate, the UE is not restricted to update its weights at the subframe boundary.

3 Conclusion

In this contribution, the transmission of PCI and impact of 2ms PCI update rate to CPC operation have been investigated. It is proposed that:
Proposal 1: 
PCI information is transmitted over a single slot on the F-PCICH.

Proposal 2: 
The 2 bit PCI information uses one F-PCICH symbol.
Proposal 3: 
Map the PCI index to better protect errors leading to large phase difference.
Proposal 4: 
The UE holds the last PCI uplink weight it received between CPC bursts.

Proposal 5: 
Clarify that for 2ms PCI update rate, the UE is not restricted to update its weights at the subframe boundary.
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