
TSG-RAN Working Group 1 Meeting #29
R1-02-1351

Shanghai, China

November, 2002


Agenda Item:
EUDTC

Source: 
Motorola
Title:
PAR issues for EUDTC UE Capability

Document for: 
Discussion


1. Introduction 

At the WG1 meeting #28bis (Espoo, Finland) various aspects of the EUDTC study item were presented in [1]-[6].  One area of study is the maximum rate required for the EUDTC and the implications on the current channelization and modulation scheme supported in Release 5 specifications. This document briefly discusses how high rates can be achieved and the peak-to-average (PAR) issues related to using multiple DPDCHs. It is shown that minimizing PAR is equivalent to minimizing the number of DPDCHs which points to the use of SF=2 or higher order modulation such as 8PSK as a specific UE capability needed for EUDTC.

2. Discussion

Based on the assumption that data rates as high 2 to 3Mbps are desirable for EUDTC performance then current Release 5 rate capabilities and limitations are reviewed along with investigating the benefits and issues of using SF=2 or adding  8PSK modulation.

Release 99 and Release 5 uplink rates

Currently most manufacturers support Release-99 UEs with uplink user data rate of 384Kbps although in theory by allocating all 6 DPDCH with SF=4 a peak channel bit rate of 5.760 Mbps can be achieved as shown in Table 1 below.  As an example, by allocating two DPDCH with SF=4, one to the I and one to the Q channel in a QPSK fashion and using encoding rate 0.75, a peak rate of 1.44Mbps can be achieved. The concepts of multiple codes and multiple quadrature phases on the uplink in keeping with Release-99 is hereby referred to as a "multi-component" rate configuration. 

Table 1 Uplink Data Rates with Multiple DPDCH
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Release 6 EUDTC uplink rates

Assuming that  new and existing control channels are kept power efficient and reliable (P(ack|nack)<10-4, etc) and can achieve sufficient CDM of UEs during scheduling intervals then significant throughput benefits could be obtained with EUDTC. Getting improvement most likely requires higher uplink rates than 384kbps to support a scheduling function at the Node-B and a distributed AMC function between the Node-B and UE so that the UE can match its rate with current channel conditions and pathloss. 

Given the need for EUDCH rates of up to 2 to 3 Mbps then higher order modulation such as 8PSK or using SF=2 may be desirable to avoid PAR problems inherent in using multiple DPDCH codes.  PAR increases require equivalent back off of the power amplifier (PA) to ensure it does not go into compression thus effectively increasing the required Ec/No.  

There are several possibilities for achieving high uplink data rates while minimizing PAR.  Figure 1 shows the UE power characteristic versus rate for three possible approaches (see also Tables 2-4). The three approaches assume different SF and modulation allocation limits and in each case the PA backoff is accounted for.  All three approaches are essentially identical and achieve identical results up until the point where more DPDCH codes are used or SF=2 is used instead of SF=4.  Using SF=2 only one BPSK code (one DPDCH) or one QPSK code (two DPDCHs, one on I and one on Q) requires the least power increase for rates exceeding 384Kbps.  Next by using an 8PSK with minimum SF=4 the maximum number of codes can also be kept at one (two DPDCHs) while achieving rates in the 2 to 3 Mbps range.  As might be expected using 3 BPSK codes (three DPDCHs) requires the largest power increase to achieve rates above 1.5Mbps given a minimum SF=4.  Using SF=2 with a single BPSK or QPSK code allows rates of up to 3Mbps to be achieved with lower encoding rates and PAR than the other two approaches which use SF=4.
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Figure 1.  EUDCH Power increase versus rate for different SF and modulation allocation limits.

3. HPSK issues

As per Release 99 the spreading factor is fixed at four for each DPDCH. The new data is added alternating between the I and Q channels. One spreading code is shared between each I-Q pair of DPDCH channels. Of the four spreading codes available, one is reserved for the control and the remaining three are shared by the six DPDCH. Note that only the control channel and two of the DPDCH use a spreading code which contains pairs of consecutive identical chips. Thus, the requirement for HPSK is not met when transmitting more than two DPDCH.

Even though SF=2 results in the best EUDCH performance it prevents the use of HPSK for the other control channels and data channels since spreading codes of size 4 (SF=4) are currently specified to meet the HPSK requirment of codes with consecutive pairs of consecutive identical chips and since only half of the code tree contains such codes.

4. Conclusions

It is shown that it is best to select the combination of spreading factor and modulation (constellation) which meets the target data rate with only a single DPDCH than to go to multiple DPDCHs. For example, transmitting with a single QPSK code with a spreading factor of two has the same Ec/No as transmitting with four BPSK codes but has an adjusted Ec/No which is 2.7 dB less. So, even though using a spreading factor of two is not currently supported in the standard, doing so places less of a burden on the UE than transmitting with multiple DPDCH. Alternatively, a 8PSK code can be used with poorer performance than using a single QPSK code with SF=2 but is better than using three BPSK codes.  Finally, HPSK issues exist for both the SF=2 case and for the multiple code case when the number of  BPSK codes (DPDCHs)  is greater than 2.
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Table 2. Single BPSK and QPSK code and minimum SF=2.
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Table 3. Maximum of 3 BPSK codes and minimum SF=4.
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Table 4. BPSK, QPSK, 8PSK codes and minimum SF=4.
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