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1 Introduction
During the study item phase for 3.84Mcps TDD Enhanced Uplink, higher order modulation was considered as a potential enhancement and, with focus on 8-PSK, was found to provide an overall system benefit (see [1]).
Higher order modulation is beneficial for the TDD uplink due to the finite availability of channelisation code (OVSF) resources, and hence provides users experiencing medium to good channel conditions to attain higher data rates without increasing the code resources occupied.
At the time of the study, the impact of 8-PSK on the UE signal PAR was also investigated and found to provide similar PAR to that of QPSK for the same number of transmitted codes.
Since that time it has been concluded within the work item phase that E-DCH transmissions for TDD will occupy only a single code (see [2]).  In this respect, even higher order modulations become of relevance if they can achieve a PAR similar to that of multi-(two)-code QPSK transmission whilst allowing for further possible increases in user data rate.

The recommendation of the study item with regards to higher order modulation was that higher order modulation should form a component of the work item, with 8-PSK at a minimum.

In this document we present some analysis of 16-QAM for TDD enhanced uplink and consider this as a replacement for 8-PSK.

2 Link Efficiency
Although the BER for 16-QAM is generally worse than that for 8-PSK at the same Es/No, the higher order modulation naturally allows for a lower coderate to be employed for the same information bit rate.  When comparing 8-PSK to 16-QAM, these two effects counteract each other to a large extent, such that 16-QAM is able to afford similar information bit Eb/No as 8-PSK when the two utilise the same amount of physical resources.  An example of this is shown in Figure 1, in which it is clear that there is little or no signal to noise ratio (Es/No) region in which 8-PSK provides any clear benefit over 16-QAM in terms of the number of turbo-encoded information bits carried per symbol.
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Figure 1
One can therefore broadly conclude that 16-QAM is able to offer a similar Eb/No performance to 8-PSK whilst providing the potential to carry higher data rates for users in favourable channel conditions.

3 System Performance
With reference to section 2, there is of course no point in providing the possibility for increased user link throughput via higher order modulation if a significant proportion of users are not able to achieve these rates in the system.  The system throughput gain observed through the introduction of higher order modulations then depends on many factors such as the particular deployment, frequency/timeslot reuse, the scheduler type, traffic profile and so on.  However, systems simulations for some typical deployment scenarios and system parameters reveal a consistent gain in throughput through the use of QPSK and 16-QAM as opposed to QPSK and 8-PSK.
An example of system parameters used in the simulations are given below and are in line with those of [1]:
Table 1
	Parameter
	Value
	Comments

	Carrier Frequency
	2000MHz
	

	Chip Rate
	3.84Mcps
	

	Frequency Re-use
	N=1
	

	Layout
	12 sites with rectangular wrap-around
	

	Sectorisation
	Tri-sectored
	

	Pathloss model
	128.15 + 37.6 log10(d) dB
	From 3GPP TS 25.942

	Cell radius
	1000m
	Inter-site distance 2000m

	Shadow fading standard deviation
	8dB
	Log normal

	Node-B antenna gain
	14dBi
	

	Node-B receiver noise figure
	5dB
	

	Node-B Rx diversity
	2 antennas
	

	UE antenna gain
	0dBi
	

	Users per cell
	20
	

	Number of uplink timeslots
	8
	

	Traffic model
	Full buffer
	

	Scheduling
	Round-robin
	Max resource per user = 1xSF4, 8 timeslots

	Channel type
	Pedestrian-B 3kmph
	All users

	Power control
	On
	10% BLER target


The system was run firstly with QPSK and 8-PSK formats, and then with QPSK and 16-QAM formats.  The results (as e.g. in Figure 2) indicate that there is approximately a 6% throughput gain through the use of 16-QAM for this particular set of simulation assumptions.  For other simulations assumptions and runs, various other gains were observed; losses due to 16-QAM were not observed for any of the scenarios investigated.
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Figure 2
The gains are also evident from a user throughput perspective (see for example the user throughput CDFs of Figure 3).  Note that approximately 30% of users are able to attain higher order modulation (non-QPSK) formats.
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Figure 3
4 PAR Aspects
During the study item, it was observed in [1] that 8-PSK is able to deliver approximately the same PAR as QPSK for 1, 2 and 3-code transmission in each case.

Current Rel-6 TDD UEs are required to be able to transmit up to 2 codes using QPSK modulation, giving a PAR at the 99.9%-ile of approximately 4.8dB.  However, E-DCH transmissions occupy a single code only (see [2]) and hence there is no strict need for two-code transmission on E-DCH timeslots.  There does exist the possibility for 2-code transmission if another channel (e.g. HS-SICH or DPCH) is transmitted simultaneously with the E-DCH, however:
(i) in the case of HS-SICH, the transmitted power would be very low compared to that of the E-DCH, hence the PAR increase is small

(ii) in the case of both HS-SICH and DCH, suitable RRM procedures may easily be implemented to avoid allocation of E-DCH and HS-SICH/DCH on the same timeslot for a given UE

Looking into the PAR of 16-QAM transmissions, it is found that that single-code 16-QAM transmission has a similar (yet slightly lower) PAR to that of 2-code QPSK transmission (see Figure 4).  Hence, if we retain the current Rel-6 TDD PAR capability based upon 2-codes QPSK, single code 16-QAM E-DCH may be introduced without adverse effects.  Baseline coverage is also unaffected due to the use of QPSK formats towards the edges of the cell.
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Figure 4
5 Conclusion

Aspects of higher order modulation have been investigated further for TDD enhanced uplink.  It has been found that the use of 16-QAM in place of 8-PSK is able to deliver additional system improvements in terms of sector throughput (of the order of 6%) whilst also improving the peak user rate.  The PAR of a single code at 16-QAM is similar (slightly lower) than that for 2-code QPSK transmission.  Given that a current Rel-6 TDD UE is expected to be capable of handling such 2-code QPSK transmission, the introduction of single-code E-DCH transmission using 16-QAM modulation is feasible without a reduction in UE output power.  There appears to be no, (or at least an extremely limited) Es/No region in which 8-PSK is able to deliver an increase in link efficiency over 16-QAM at a lower coderate, and hence, when taken in conjunction with the corresponding system complexity increase, the use of 8-PSK together with both QPSK and 16-QAM is not recommended.
A short text proposal for TR 25.826 is appended.
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10
Spreading and Modulation

<Editor’s Note: This section contains details of the spreading and modulation applied.  Where applicable, separate sub-headings shall be created for each physical channel type.  This section also includes the details of the higher order modulations for enhanced uplink and details of code diversity techniques>

10.1
E-PUCH

QPSK and 16-QAM modulation are supported for E-PUCH. <details FFS>
<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>

