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1. Introduction

High Speed Downlink Packet Access (HSDPA) is a new feature for UMTS radio access network in 3GPP release 5. Among the work items associated with HSDPA, RAN WG4 is to undertake the study and specification changes in radio transmission and reception, system performance requirements, and conformance testing. In the last RAN4 meeting, we presented a discussion paper [1] where possible items for analysis and standard specification were identified. In this contribution, we focus on the characteristics of radio transmission and discuss the required specification changes in this area for a HSDPA capable network.

2. HSDPA Impact on Radio Tx
The adaptive modulation and coding scheme (AMC) of HSDPA will introduce higher order modulations in addition to QPSK modulation prior to release 5. Current working assumption is that QPSK and 16QAM are mandatory while 64QAM is optional for the base station transmitter, provided that there is no feasibility issue. [2] With a higher order modulation, each baseband symbol in the I and Q streams represents one of more than two possible values. For example, if QPSK symbols are represented by values {+1, -1} in the I and Q components, then the 16QAM symbols can be {+3/(5, +1/(5, -1/(5, -3/(5} where 1/(5 is the normalization factor for the average power. As a result, the composite waveform envelope of HSDPA signals will have a larger variation and thus a higher peak-to-average power ratio (PAR) than the signals using only QPSK modulation. Figure 1 further illustrates this point.

It is well known that odd order harmonics at the RF power amplifier (PA) cause inband distortion and spectral regrowth, with the latter being the major source of adjacent channel interference. Given the higher PAR in the composite waveform envelope, a HSDPA carrier is likely to generate more out-of-band emission than does an all-QPSK carrier. Simulations have been performed to estimate the increase of PAR. The simulations compare PAR of twenty SF=32 code channels with all QPSK modulation and equal probability of QPSK, 16QAM, and 64QAM in each TTI. As shown in Figure 2, the degradation of PAR with HSDPA signals is within 0.6dB 99.99% of the time. This slight degradation will not cause a problem in RF system design since additional PA power backoff is probably not needed.

Other radio Tx characteristics impacted by PAR increase are modulation accuracy, intermodulation emission, and spurious emission. All are affected by the nonlinear terms of RF power amplification. Intermodulation emission occurs when there exists an interfering signal at the transmitter antenna and is influenced by the broadening of output frequencies. Spurious emission can emerge from RF conversion stages and at PA due to its higher order harmonics. 
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Figure 1: HSDPA base station transmitter block diagram
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Figure 2: Probability (vertical axis) of instantaneous PAR exceeding the PAR value in the horizontal axis. The QPSK curve represents twenty SF=32 code channels modulated with QPSK. The HSDPA curve represents twenty SF=32 code channels equally likely modulated with QPSK, 16QAM, and 64QAM.

3. Proposed Approach for Specification Change

Among the base station radio Tx characteristics impacted by the transmission of HSDPA signals, modulation accuracy requirement in terms of Error Vector Magnitude (EVM) should be re-evaluated based on the acceptable level of demodulation performance. We have a companion contribution [3] to address this issue. Once the required EVM has been determined, the requirement on Peak Code Domain Error (PCDE) should be adjusted according the EVM value and be specified at spreading factor 16 since the HSDPA data are transmitted using SF=16 code channels.

The existing requirements in TS 25.104 [4] regarding out-of-band, intermodulation, and spurious emissions are applicable to an HSDPA base station transmitter. However, it is more appropriate to use a test model that reflects the nature of modulated HSDPA signals in the conformance test specification [5]. The test model has to incorporate a likely field scenario that has the maximum PAR from HSDPA data channels. Here we propose a few principles to construct the test model: 

1) There should be downlink common channels in the test model. The common channels, P-CCPCH+SCH, P-CPICH, PICH, and S-CCPCH containing PCH and the signal generation method for these channels have already been established for other test models in [5]. We propose to model the common channels the same way except adjusting the power fractions.

2) There needs to be a number of DPCH. Generation of DPCH signals can be done similar to what is defined in [5], namely, using PN9 sequences seeded by the channelization code. However, a new slot format which includes HI (HS-DSCH Indicator) has to be used. Code assignment for these channels has to be re-arranged to make room for HS-PDSCH (SP=16). 

3) There needs to be a few HS-DSCH Shared Control Channels with a spreading factor to be decided by WG1. These channels convey the information of transport format, modulation, code allocation, Hybrid ARQ signalling, and UE Id [6][7]. How the signals on these channels should be modelled is for further study.

4) In order to maximize PAR, the test model should have as large as possible the number of HS-PDSCH channels and their allocated fraction of transmission power. HS-PDSCH channels should have equal transmission power as well.

5)  All modulation schemes supported by the base station for HSDPA should be included in the model. A simple approach is to evenly assign each modulation scheme to HS-PDSCH (for example, out of a total of 8 HS-PDSCH channels, 4 assigned to QPSK and 4 assigned to 16QAM) and modulation for each channel does not change over time.  An alternative is to rotate modulation schemes from TTI (3 x 2560 chips) to TTI for each HS-PDSCH channel, while keep  different modulation schemes evenly adopted by the channels at any instant of time.

6) Signals on HS-PDSCH have to be random and uncorrelated across the code space. The signals can be modelled by PN sequences seeded by channelization code, in the same manner other channels are modelled in [5]. Since signals on different channels are not correlated, the two approaches in 5) should make no difference for the purpose of testing.

This test model, once established, can also be used in EVM and PCDE testing for HSDPA transmission regardless of the need to modify the corresponding requirements.

4. Conclusion

We have identified that the increase of PAR in HSDPA signals has a slight impact on the radio transmission characteristics. We consider that the impact justifies a new test model in the conformance tests for radio transmission requirements. While requirements associated with modulation accuracy need to be accessed, there is no need to change other radio transmission requirements for HSDPA. 

We would like to ask WG4 delegates to evaluate the approach we proposed for specification change and hopefully reach an agreement upon which future CRs can be based.
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