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1 Introduction

The scope of the study item on enhanced uplink includes adaptive modulation and coding schemes, and short TTI. In this document, we consider possible data rates for an additional UL DPCH. The objective is to analyze the performance and power requirement of EU-DPDCH and potential impact on legay terminals (i.e. based on Release-5 or earlier) operating in the same cell.

2 Modulation and Code Set

Table 1 outlines the nominal MCS for Release 5.

	Payload
	Code Rate
	SF
	# of DPCH
	Data Rate

	3840
	0.40
	4
	1
	384 kbps

	7680
	0.40
	4
	2
	768 kbps

	11520
	0.40
	4
	3
	1152 kbps

	15360
	0.40
	4
	4
	1536 kbps

	19200
	0.40
	4
	5
	1920 kbps

	23040
	0.40
	4
	6
	2304 kbps

	Pilot
	DPCCH
	256
	BPSK
	-

	ACK / NAK / CQI
	HS-DPCCH
	256
	BPSK
	-


Table 1

Release 5 - MCS

The Release-5 DPDCH is based on multiples of 10 ms TTI. It therefore only makes sense to consider a new data channel (EU-DPDCH) if the desire is to operate this channel on a different, that is shorter, TTI. Given that the HSDPA structure is based on a 2 ms framing, it is natural to consider such duration for the UL as well. However there is no fundamental reason to restrict the choice to 2 ms should other values (e.g. 4 ms or 5 ms) prove to be a better choices. Table 2 provides a list of various modulation and coding combinations which could be obtained with the addition of a EU-DPDCH.

	Payload
	Code Rate
	SF
	Modulation
	TTI
	Data Rate

	1267
	0.33
	4
	QPSK
	2 ms
	633.6 kbps

	1920
	0.50
	4
	QPSK
	2 ms
	960 kbps

	2880
	0.75
	4
	QPSK
	2 ms
	1440 kbps

	1901
	0.33
	4
	8PSK
	2 ms
	950.4 kbps

	2880
	0.50
	4
	8PSK
	2 ms
	1440 kbps

	4320
	0.75
	4
	8PSK
	2 ms
	2160 kbps


Table 2

Release 6 – Reference MCS

It is seen that using a single OVSF code and 8PSK, one can achieve 2.16 Mbps. This allows for a theoretical peak rate of 6.48 Mbps using 3 SF=4 OVSF codes and 8PSK. However, if a UE transmits at such high data rates over 2 ms, the legacy Release-99 UE’s will encounter possible bursts of interference over their 10 ms TTI. It is therefore necessary to analyze the increase in intra-cell interference (and inter- if such rates are scheduled for terminals at the edge of a cell in a dense environment) when such high data rates are scheduled.

3 Performance

Figures 1 and 2 outline the 1% BLER performance of an EU-DPDCH in AWGN for the data rates shown in Table 2. The simulation assumptions are outlined in the Appendix. The results are summarized in Table 3. The optimal EU-DPDCH to DPCCH ratio has been chosen to represent the best link performance.

	Data Rate

(kbps)
	Code Rate
	SF
	Modulation
	Ec/Nt

(dB)
	Ecp/Nt

(dB)

	633.6
	0.33
	4
	QPSK
	-3.8
	-14.2

	960
	0.50
	4
	QPSK
	-1.7
	-12.1

	1440
	0.75
	4
	QPSK
	1.2
	-10.1

	950.4
	0.33
	4
	8PSK
	-0.5
	-11.8

	1440
	0.50
	4
	8PSK
	1.7
	-11.5

	2160
	0.75
	4
	8PSK
	5.4
	-7.8


Table 3

EU-DPDCH Performance
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Figure 1

Performance of EU-DPDCH - QPSK
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Figure 2

Performance of EU-DPDCH – 8PSK

4 Comments

Based on the results presented in table 3 we note that:

1. For the same data rate, it is efficient to use a smaller modulation and higher code rate, as opposed to higher order modulation and smaller code rate.

2. For a data rate of 2.16 Mbps using a single OVSF code and 8PSK, the required Ec/Nt in AWGN is 5.4 dB to achieve 1% BLER without HARQ mechanisms. This is a very high increase in interference for all other terminals, leading to erasure of most of their symbols transmitted over those 3 slots. 

3. Although the channel structure and use of higher order modulations schemes would allow for very high data rate in the UL, it is not useful to consider such configurations until it is demonstrated that interference cancellation schemes in the Node B are practical and of interest.

4 Conclusion

We have presented link level results of EU-DPDCH using a 2 ms TTI. We propose that the content of table 3 is captured in the technical report together with the comments in the previous section.

Annex: Simulation Parameters

	Parameter
	Value

	TTI
	2 ms

	SF
	4

	Modulation
	QPSK, 8PSK

	Number of  OVSF codes
	1

	HS-DPDCH to DPCCH Ratio
	5-15 dB

	Channel Estimation
	On

	DPCCH slot format
	0

	Inner Loop Power Control
	On

	ILPC Step Size
	+/- 1 dB

	Outer Loop Power Control
	On

	OLPC UP Step Size
	0.5 dB

	BLER set point
	1%

	PC  feedback delay
	1-slot

	PC command BER
	4%

	Channel
	AWGN











