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1
Introduction

Energy requirements for uplink ACK/NACK signaling (for HSDPA HARQ protocol) based on the agreed upon UL physical channel structure [1] were presented in [2]. This contribution presents the energy requirements (and corresponding power offsets) for the ACK/NACK field as well as the Channel Quality Feedback (CQF) field. Special attention is paid to the soft handoff condition of the UE at a low speed of 3 kmph, as it was pointed out in [3] that in this situation the UE feedback to the HSDPA Node B suffers due to poor power control performance. Aside from the poor power control resulting in a fading channel seen by the receiver, the effect of real channel estimation (described in Section 2) as a result of weaker received pilot is also investigated. Simulation results for ACK/NACK @ 3 kmph are presented in Section 3 and for CQF field @ 3 kmph are presented in Section 4. The results suggest that while in soft handoff state, the power requirements on the HS-DPCCH fields are quite large/ unachievable due to both poor power control and the resulting poor channel estimation. To alleviate this situation due to soft handoff, we insert special pilot bits in band (suggested in [4]) but into the CQF field instead, as discussed in Section 5. Power control of the HS-DPCCH when the UE is in soft handoff is performed only by the HSDPA Node B to which the HS-DPCCH is directed. Alternative channel coding schemes depending on the number of pilot bits inserted are proposed for the CQF in Section 6. Section 7 presents results for the ACK/NACK and CQF fields that use these new pilot bits and Section 8 summarizes the benefits and offers recommendations. 

2
Real Channel Estimation

The channel estimation performance at low pilot SIRs (as is typically the case with weaker up link pilots) is affected dominantly by the AWGN component in the receiver i.e. the Doppler fade in the pilot channel has little bearing. It can be then assumed that over the interval of channel estimation (which is anyway very small, less than one slot) that the channel gain and phase are constant but unknown, and estimated as well as possible by a simple matched filter to the pilot symbol waveform. This assumption is especially true considering the channel fading at 3 kmph equivalent Doppler.

The quality of the channel estimate of course depends on the pilot SIR as well as the number of pilot bits. For the UL-DPCCH, six pilot bits per slot were considered. Furthermore, based on link level results used for R’99 uplink DPCH for Pedestrian A at 3 kmph, a target pilot SIR of at least –21 dB total ( –24 dB per antenna) was considered for the inner loop power control threshold. When in three way soft handoff (even at 0 dB relative geometry) the power control algorithm used was OR of the DOWNs. This causes the actual pilot SIR received at the HSDPA serving Node B (to which the HS-DPCCH is directed) to be frequently well below the threshold, resulting in a very poor channel estimate and hence de-rotation of the HS-DPCCH control symbols. 

The new pilot bits proposed to be inserted in the HS-DPCCH and discussed in more detail in section 5 was considered in our experiments to be four and five bits in length.

3
ACK/NACK Requirements, 3 kmph

For this problem we consider a two state receiver with one DTX constraint. For this problem, the constraints can be written as in [2]:

1. P(ACK|NACK) <= 10-4
2. P(NACK |ACK) <= 10-2
3. P(ACK|DTX) <= 10-2
The normalized receiver threshold T_A as before in [2] = 2.326.

The results
 are tabulated below:

Condition
Eb/N0(ACK) dB
Eb/N0(NACK) dB
ACK/PILOT dB
NACK/PILOT dB

Ideal Channel Estimation, HO 1-way, 3 kmph
7.5666503
-3.0103



Real Channel Estimation, -21 dB pilot SIR, 6 symbols, HO 1- way, 3 kmph
8.443
-2.247 
-1.583
-12.338 

Ideal Channel Estimation, -21 dB pilot SIR, 6 symbols, HO 3-way equal, 3 kmph
14.2
0.6
2
-11.5

Real Channel Estimation, -17 dB pilot SIR,  6 symbols, HO 3- way equal, 3 kmph
18.6
5.14
6.5
-7

Table. 1: Energy requirements for ACK and NACK using R’99 parallel pilot under different conditions

In the last case of real channel estimation and ‘equi-distant’ 3-way soft handoff power control by the OR of DOWNs method, the UL-DPCCH pilot SIR target of Ec/Nt=-21dB after MRC is not sufficient for the coherent detection targeting a BER <=10-4. The simulation shows pilot Ec/Nt under this situation has to be better than -19 dB (-17 dB was used) after MRC.  And ACK/NACK also requires more energy as expected.

4
CQF Requirements, 3 kmph

We use the channel coding scheme presented in [5] for the CQF. This is a (20,5) code obtained by shortening (puncturing certain bits) of the (32,5) orthogonal RM code with optimal distance properties. 

We present simulation results for the CQF channel for the following three cases: 

·  CQF channel with (20,5) coding, 1 way handoff, 3 kmph, 12 symbol pilot, ideal channel estimation is assumed, target pilot SIR= -21 dB on the UL-DPCCH. This is the baseline.

·  CQF channel with (20,5) coding, 3 way handoff, 3 kmph, 12 symbol pilot, ideal channel estimation is assumed, target pilot SIR= -21 dB on the UL-DPCCH. The degradation with respect to the baseline is only due to OR of DOWNs power control between 3 “equi-distant” active legs

·  CQF channel with (20,5) coding, 3 way handoff, 3 kmph, 12 symbol pilot, real channel estimation is assumed, target pilot SIR= -21 dB on the UL-DPCCH. The degradation with respect to the baseline is due to OR of DOWNs power control between 3 “equi-distant” active legs as well as the resultant poor channel estimation.

These cases are graphed below:



Fig.1: (20,5) coded CQI performance at 3 kmph with R’99 parallel pilot under different conditions

5
Special Pilot Bits

The in band insertion of special pilot bits into the HS-DPCCH is done only when the UE is in soft handoff state. The reason is that this is the state where the pre-existing UL-DPCCH pilot bits fail to do their job both in terms of power control and channel estimation, in so far as HS-DPCCH decoding is concerned. Under one way or single leg handoff the current UL DPCCH pilot bits are sufficient, and thus without these new pilot bits the CQF field can be coded better.
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Fig.2 Modified HS-DPCCH with special pilot bits inserted

The special pilot bits are inserted in band into the first x channel bits of the CQF field as shown in figure above. The ACK/NACK field is not considered for pilot insertion since the occurrence of ACK or NACK is relatively rare (mostly DTX) and the DTX of a proper subset of channel bits within a slot is not permitted. The special pilot bits are defined to be ON only when the CQF field is ON and OFF when the CQF field is OFF. Furthermore the data to “new” pilot ratio for the CQF field is set to unity in order to ensure that there is no transmit power variation within the two slots carrying pilot and CQF. The ACK/NACK field power to new pilot power ratios (different for ACK and NACK bits) are semi-static and is set by upper layer RRC signaling.

When the ACK/NACK field is transmitted (ON) it can be assumed that there is a CQF message also sent at the same time by the UE. This would be the typical situation (when the UE is actually receiving data on the HS-DSCH) but in the case of soft handoff with special pilot bits we may enforce this condition in order to accurately de-rotate the received ACK/NACK symbol. Note the processing of the ACK/NACK bits thus has an added latency equal to the x symbols of special pilot transmission, since this pilot has to be first processed before ACK/NACK processing (de-rotation). 

A second implication of inserting x pilot bits is that the channel code used for CQF is (20-x,5) which has reduced coding gain compared to the (20,5) used when not in soft handoff. A third implication of using a new pilot that is transmitted every TTI (three slots) is that uplink power control for the HS-DPCCH takes place at 500 Hz. Despite these the overall Eb/No requirement for the CQF field including the pilot overhead as well as ACK/NACK field show gains when in soft handoff state compared to when there is no pilot bits, especially at lower speeds. 

In order to power control the HS-DPCCH based on the new pilot, a separate downlink TPC command that is generally different from the command meant for the R’99 UL-DPCCH becomes necessary. This modification can be achieved by considering every third power control command sent on the DL-DPCCH as being meant for the HS-DPCCH while the other two are for the R’99 UL-DPCCH, whenever the HSDPA UE has been assigned a HS-DSCH (i.e. HS-DPCCH exists) and is in soft handoff state. This may have a slight negative performance impact on the R’99 UL power controlled channels (DPCH) at certain speeds. 

6
Alternative CQF Channel Coding Schemes 

If we have the number of pilot bits x is very large, then its Ec/Nt (power) requirement for channel estimation will be smaller. But the (20-x,5) CQF code has low coding gain and hence it will have high Ec/Nt (power) requirement. Conversely if x is quite small, then the pilot Ec/Nt (power) requirement will be high and the CQF bits Ec/Nt (power) requirement will be low. In order to obtain a balance, we try x = four bits and five bits. 

When x=4 pilot bits we require a (16,5) code for which we simply choose the bi-orthogonal code derived by using the (16,4) orthogonal Reed Muller code and its antipodal set. This has optimum minimum distance of 8. When we consider x=5 pilot bits we require a (15,5) code for which we choose the standard BCH code that has optimum minimum distance of 7 for linear codes.

7
Results for HS-DPCCH using Special Pilot Bits @ 3kmph

Consider x=4 pilot bits and a corresponding (16,5) code (bi-orthogonal ) for CQF. Furthermore, as explained before, we are forced to constrain the CQF field power/New Pilot Power = 1. 
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The above two decisions (channel structure division and unity CQF to pilot ratio) mean that the CQF performance for a given channel model (3 kmph) is dictated by only one parameter which is the Special Pilot Target SIR (inner loop set point). Increasing the new pilot SIR target improves channel estimation performance and also the energy per bit of the CQF thus significantly improving the CQF BLER performance. Thus the  BLER vs EbNo curve and the BLER vs new pilot SIR target (Ec/Nt) curve for the CQF channel are really equivalent and are shown in the next figure:

Fig.3: (20,5) coded CQI performance at 3 kmph with 4 special HS-DPCCH  pilot bits (unity power ratio)

Coding on the CQF aided by the special pilot channel estimation and the relatively liberal (high) error rates it can tolerate causes the pilot SIR target to be rather low (-24 dB for 5% BLER). This combined with a short (4 bit) pilot causes a low amount of pilot energy that affects ACK/NACK performance severely on account of channel estimation. The error floor due to channel estimation noise is reached and it becomes impossible to attain the low P(ACK/NACK) <= 10-4 at –24 pilot SIR as shown in the following graph. For the ACK bit, Eb/N0(ACK) = 14.1041 dB to get P{NACK or DTX|ACK}<=0.01 with –24 dB pilot SIR. 

On the other hand, if the pilot SIR target is increased to –21 dB, then the CQF (16,5) code block error rate reduces to a very low 0.18 % At this pilot SIR the NACK performance is also shown in the following graph. For NACK we need -1.9 dB per antenna Eb/No to get P(ACK/NACK) = 10-4. For ACK, per antenna Eb/No needed is 9.1 dB to get P{NACK or DTX|ACK}<=0.01 @ –21 dB pilot SIR. This is about a dB worse than that case with 6 pilot symbols (ideal channel estimation) we observed previously for non-soft-handoff ACK channel in table 1.
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Fig.4: NACK bit performance at 3 kmph with 4 bit HS-DPCCH pilot under different pilot SIRs

However, the improved performance of ACK/NACK that achieves the desired target and very low error rate of CQF comes at the cost of 3 dB increase in CQF power, i.e. doubling of the uplink capacity consumed by all the handoff HS-DPCCHs with the special pilot. The –21 dB Ec/Nt operating point for the HS-DPCCH CQF further means that it consumes capacity equivalent to that of a normal R’99 UL-DPCCH not operating in soft handoff mode.

We next investigate a 5 bit special pilot and a corresponding (15,5) code (BCH) for the CQF. For some given Ec/Nt (proportional to pilot power) as with 4 bit pilot, we get an extra chip of pilot that hence provides 25% (1 dB) more pilot energy. This will allow for better channel estimation and better ACK/NACK performance. Also for the same Ec/Nt we see that the CQF error rate reduces a little due to better channel estimation despite the drop in coding gain (minimum distance drops from 8 to 7). Conversely, the Ec/Nt operating point (proportional to power) of the HSDPCCH CQF and special pilot can be lowered leading to capacity improvement with no appreciable loss in CQF and ACK/NACK error performances.  Results with 5 bit pilot and (15,5) code for CQF is presented in the following graph:
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Fig.5: (15,5) coded CQI performance at 3 kmph with 5 special HS-DPCCH  pilot bits (unity power ratio)

8
Summary 

1.
Design 1: 10 ACK/NACK symbols + 20 CQI symbols + R’99 parallel pilot
This design has a serious problem under soft handoff where the close loop power control obeys the rule of “OR the DOWN”. For the given ACK-pilot ratio and CQI-pilot ratio, this design leads to two consequences: one is the received power of ACK/CQI channel at the HSDPA Node B being “out-of-control”,  another is the poor channel estimation due to the low pilot energy also “out-of-control” at the HSDPA Node B. 

This situation is reflected in the following simulation results.


No handoff
3-way handoff

P{ACK|NACK} = 0.0001

P{NACK or DTX|ACK}=0.01
Pilot Ec/Nt = -21 dB
Pilot Ec/Nt = -17 dB


Eb/N0(ACK) = 8.5 dB

Eb/N0(NACK) = -2.2 dB
Eb/N0(ACK) = 18.6 dB

Eb/N0(NACK) = 5.1 dB

FER(CQI) = 1%
Pilot Ec/Nt = -21 dB
Pilot Ec/Nt = -21 dB


Eb/N0(CQI) = 1dB
Eb/N0(CQI) = 12 dB

Here the 6 pilot symbol UL-DPCCH structure is assumed with one-shot-per-slot channel estimation. Note that in the 3-way handoff state, not only should the pilot power be raised by at least 3 dB (4 dB here) for good channel estimation, but also the ACK power is raised by 10.1 dB, the NACK power by 7.3 dB and the CQI power by 11 dB.

2.
Design 2: 10 ACK/NACK symbols + 4 in-band pilot symbols + 16 CQI symbols ((16,5) bi-orthogonal coding)

        For this design,


No handoff or 3-way handoff

Pilot Ec/Nt
-21 dB

Eb/N0 for ACK/NACK
Eb/N0(ACK) = 9.1 dB

Eb/N0(NACK) = -1.9 dB

Eb/N0(CQI) and FER(CQI)
Eb/N0(CQI) = 5 dB

FER(CQI) = 0.2 %

It can be seen in this design, that under three way handoff, the energy requirement for ACK comes down by 9.5 dB, for NACK by 7 dB, and for CQI by 7 dB (yet achieving lower error rate) compared with the design 1. Note that the energy requirement imposed on CQI/pilot sub-channel ACK/NACK sub-channel is higher than what CQI sub-channel itself needs. 

3.
Design 3: 10 ACK/NACK symbols + 5 in-band pilot symbols + 15 CQI symbols ((15,5) BCH coding)

No handoff or 3-way handoff

Pilot Ec/Nt
-21 dB
-24 dB

Eb/N0 for ACK/NACK
Eb/N0(ACK) = 8.7 dB

Eb/N0(NACK) = -2.2 dB
Eb/N0(ACK) = 11.5 dB

Eb/N0(NACK) = 0.15 dB

Eb/N0(CQI) and FER(CQI)
Eb/N0(CQI) = 4.8 dB

FER(CQI) = 0.1 %
Eb/N0(CQI) = 1.8 dB

FER(CQI) = 3 %

With the special pilot being one chip longer, at the same pilot Ec/Nt of -21 dB, channel estimation is better and brings down the energy requirement of the ACK bit by 0.4 dB and the NACK by 0.3 dB compared to design 2 and further improves the error rate performance of the CQI  even though we now use lesser coding. If we reduce the pilot/CQI power operating point by 3 dB, we still keep the CQI BLER at a reasonable level though we need to increase the ACK/NACK power by 3 dB. Considering that ACK/NACK is not transmitted as frequently (at high loading) as CQF (when in soft handoff), the operating point of –24dB pilot looks more attractive. 

9
Recommendations 

Whenever the HS-DPCCH is in soft handoff state:

· We propose adoption of Special Pilot bits that are inserted into the CQF field of the HS-DPCCH 

· We further propose that the number of special pilot bits = 5 resulting in a (15,5) code for the CQF. 

· We propose a standard (15,5) BCH code for the CQF.

· We propose that the HS-DPCCH of the UE be power controlled at the rate of 500 Hz (one TPC command per HSDPA TTI) based on the special pilot target SIR.

· We propose that the exclusive TPC command for the HS-DPCCH (if it exists and is in soft handoff) be carried on the DL-DPCCH TPC field on every third slot substituting the command meant for the UL-DPCCH pilot

· We recommend that the target SIR of the special pilot be just large enough to allow for good channel estimation for ACK/NACK while maintaining reasonable/desired error rate performance of the CQF.

· We propose separate power offsets of the ACK and NACK bits with respect to the special pilot as a function of the channel condition, special pilot SIR target etc. to be communicated to the UE via upper layer RRC signaling. 

· We propose the CQF to special pilot power ratio is unity, and the special pilot bits are ON if and only if the CQF bits are ON

Whenever the HS-DPCCH is not in soft handoff state:

· We propose that there are no Special Pilot bits inserted into the HS-DPCCH

· We recommend one of the proposed (20,5) codes for the CQF

· The power control of the HS-DPCCH is based on the existing UL-DPCCH pilot bits. 

· We recommend that the number of bits of the existing pilot and its target SIR be just large enough to allow for good channel estimation for ACK/NACK while maintaining reasonable/desired error rate performance of the CQF.

· We propose separate power offsets of the ACK and NACK bits with respect to the UL-DPCCH pilot as a function of the desired error performance, channel condition, pilot SIR target etc. to be communicated to the UE via upper layer RRC signaling. 

· We propose a separate offset for the CQF field with respect to the UL-DPCCH pilot as a function of the desired error performance, channel condition, pilot SIR target etc. to be communicated to the UE via upper layer RRC signaling. 

9
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APPENDIX A

(Simulation Setup)

· 2GHz carrier frequency

· Pedestrian A channel – Rayleigh fast fading, classical Doppler spectrum, no shadowing

· DL TPC command error rate = 0.04 (AWGN)

· TPC step size 1dB; 

· TPC Delay 1 slot

· TPC by single leg (no soft handoff) or TPC as OR of DOWNS by three legs soft handoff (all at equal geometry)

· Interference in UL modeled as AWGN

· Phase de-rotation at BS: Both Ideal channel estimation and Practical (Matched Filter) estimation techniques are considered

· 2 Antenna diversity MRC receiver
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10 bits
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Pilot
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1 slot
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� All energy per bit (Eb/No) requirements are long term averaged and reported per receive antenna diversity branch (out of two).
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		CQI BCH(15,5) code with real channel estimation
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