TSG-RAN WG1 #26
Tdoc R1-02-0747

Gyeongju, Korea

May 13-16, 2002

Source: 
Ericsson

Title:
Dedicated Pilots as Phase Reference for HS-PDSCH Demodulation

Agenda Item:
AH32 (HSDPA)

Document for:
Discussion and Decision

1. Introduction

The issue of channel estimation for HS-PDSCH, which may use 16QAM, is currently under discussion in RAN1. Compared to demodulation of QPSK, demodulation of 16QAM requires an amplitude reference for the computation of the soft bits (log-likelihood ratios) prior to decoding. Unfortunately, there seems to be a misunderstanding in RAN1 that the required amplitude reference can be obtained only if P/S-CPICH is used for channel estimation. In the current contribution, this misunderstanding is clarified and it is shown that the currently assumed procedure in [1]

 REF _Ref9229339 \r \h 
[3] can be applied in case of dedicated pilots and not only in case of P/S-CPICH. Furthermore, the contribution also addresses the issue of CQI reporting in case of using dedicated pilots as phase reference for the HS-PDSCH.

2. Demodulation of 16QAM

 For R99/4, there are three possibilities to base the channel estimate upon: primary CPCIH, secondary CPCIH, and dedicated pilots transmitted on the DPCH. Note that the channel estimate generally consists of delays, phase, and (relative) amplitudes for each of the paths to be combined in the RAKE receiver. Depending on the metric used for Turbo decoding, the channel noise variance might also be required.

In case of 16QAM on the HS-PDSCH, the same quantities as for R99/4 QPSK channels are required by the RAKE combiner and the turbo decoder. In addition, an amplitude reference is required in order to form the soft bits. This quantity has commonly, somewhat unfortunately, been referenced to as the pilot-to-data power ratio. The name is unfortunate as the quantity required for demodulation is the amplitude reference (or power of) the HS-PDSCH, not the ratio to the pilot power.

In principle, to compute the soft bits from 16QAM (or QPSK) symbols, the log-likelihood ratio for each of the bits in each of the received symbols are formed. Depending on which (simplified) metric that is used, the computations could differ in the details, but basically involves the noise variance and the distances from the received symbol to all 16 (or 4 in case of QPSK) signal alternatives. These computations are the same for QPSK and 16QAM, except that 16QAM require an amplitude reference in order to scale the symbols accordingly. Note that the phase and the amplitude estimates used in the RAKE receiver provides the relative scaling between the symbols in a subframe (for low speeds these variations are negligible). The only additional quantity needed for 16QAM demodulation is an absolute amplitude reference, or, equivalently, the average power of the 16QAM symbols.

In [1]

 REF _Ref9247126 \r \h 
[2], the average 16QAM power was simply computed as the average squared absolute value of the received 16QAM symbols, from which the noise variance was subtracted. The noise variance can be computed using the same method as in [1]
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[2], either using the dedicated pilots or the common pilots (note that the choice of pilots does not matter as they are only used for noise estimation in this case). In [2], it was shown that one slot of data was more than sufficient to obtain an amplitude reference of good quality for different number of channelization codes. Hence, the assumption that the UE may assume the received power in case of 16QAM to be constant over the entire subframe is not necessary and could be relaxed if desired. This might actually improve the receiver performance in some situations if the assumption on constant power happens to be incorrect, e.g., due to fading or power variations in the Node B. Furthermore, the variations in the received DPCH power due to power control is not a problem for the 16QAM demodulation/decoding either as they can be handled in the same way. Finally, as shown in [3], the demodulation of 16QAM is quite robust to errors in the amplitude estimates of up to at least 10%.

To conclude, forming the required reference necessary for 16QAM demodulation is as easy in case of dedicated pilots as for CPICH. If the pilot-to-data power ratio would be estimated, as might be implied by the unfortunate name pilot-to-power ratio, the pilot power must be estimated in addition to be able to form the necessary power reference. This seems unnecessarily complicated and it is simpler to estimate the HS-PDSCH power directly. Actually, in [3], the pilot-to-power data ratio was formed by estimating the pilot power and the HS-PDSCH power separately and from these quantities compute the pilot-to-data power ratio.

3. CQI reporting

Another issue raised in conjunction with dedicated pilots is the CQI. Obviously, performing the CQI reporting based on the dedicated pilots is not possible as they are power controlled and, hence, the received power does not reflect the current channel conditions. One possibility could be to use the transmit power of the DPCH as an indication of the downlink channel conditions. According to the current RAN1 understanding, the P-CPICH is used as the basis for the CQI reporting in all cases except when a S-CPICH is used as a phase reference. Hence, the question is whether the CQI based on the P-CPICH accurately reflects the channel conditions as seen by the UE in case of HS-PDSCH transmission.

If the HS-PDSCH is transmitted using the same antenna pattern as the P-CPICH, this is obviously true.

If different antenna patterns are used for the P-CPICH and the DPCH, e.g., in case of beam forming, the P-CPICH can still be used as a basis for the channel quality reporting as long as the angular spread in the radio channel is in the order of the beam width or smaller. In this case, the radio channel seen from the UE exhibits the same power delay profile for both the P-CPICH and the DPCH apart from a constant scaling factor. This scaling factor is given by the antenna configuration, which obviously is known to the network and can be taken into account, e.g., by setting the already defined measurement power offset used for CQI reporting. According to [4]
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[5], the angular spread in a typical cell is less than 5-15 degrees, which is well below the beam width for a typical antenna pattern.

If the angular spread is larger than the beam width, narrow antenna beams are not likely to be used as the potential gains in this case are rather small.

Hence, it can be concluded that basing the CQI on the P-CPICH even in the case of using DPCH pilots is a reasonable choice preserving the usefulness of the CQI reports.

4. Conclusion

From the above discussion it can be concluded that dedicated pilots do not introduce any additional concerns for neither 16QAM amplitude reference estimation, nor CQI reporting, compared to the use of the P/S-CPICH.
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