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7.1.1
Transport Channel Structure

To support some of the enhancements currently under consideration, a new transport channel type, the E-UCH, is introduced. Depending on future decisions on which enhancements to support and how to support them, the E-UCH may or may not have similarities to the USCH or DCH. 

In order to find a suitable structure for supporting the E-UCH, the following issues  have been considered:

· The number of E-UCHs supporting simultaneous transmission

· Static or semi-static TTI. 

· One or multiple CCTrCHs. Either one or multiple uplink CCTrCHs are required, depending on the physical channel structure adopted. 

In the interests of simplicity and alignment with recent decisions in the FDD E-DCH work item, it is envisaged that there will be

· one E-UCH per UE (see also 7.1.1.1)

· a single static TTI of 10 ms for 3.84 Mcps TDD,a single static 5 ms TTI may be considered for 1.28 Mcps TDD (see also 7.1.1.2) 

· one CCTrCH of E-UCH type per UE

In Figure 7.1.1.1, a generic structure is illustrated, which assumes one E-UCH per UE and one CCTrCH.s  of E-UCH type per UE.  A new MAC-es/MAC-e entity is introduced to handle multiplexing of MAC-d flows, hybrid ARQ (this retransmission protocol is similar to that provided by the HS-DSCH hybrid ARQ protocol)...

8
Evaluation of Techniques for Enhanced Uplink

8.1
Scheduling <Node B controlled scheduling, AMC> 

8.1.1
Performance Evaluation (3.84Mcps TDD)

8.1.1a
Performance Evaluation (1.28Mcps TDD)
A key benefit of Node-B scheduling when compared to scheduling in earlier releases is that of traffic latency.  By moving the scheduler into the Node-B, the latency of traffic is reduced due to:

· Faster scheduling response to UE buffer volume measurements

· Faster scheduling response for retransmissions

· Removal of multiple traversals of the Iub interface for retransmissions

These effects have been simulated for a system scenario using the modified gaming traffic model of [9] for two sets of scheduling parameters (Table 8.1.1.1a):

Table: 8.1.1.1a   Scheduling parameters

	Parameter
	Release-5 based
	Enhanced uplink based
	Comments

	Scheduling
	RNC based
	Node-B scheduling of enhanced uplink code resource space
	

	Scheduling period
	100ms
	20ms
	Scheduling is performed  every scheduling period

	Scheduling delay
	100ms
	20ms
	Time from the  scheduler sending  grant message and it being applied by the UE

	ACK/NACK delay
	100ms
	10ms
	Time from PDU arriving at Node-B and the ACK/NACK being received by the UE

	BLER target
	1%
	10%
	Assumed that faster retransmission delay enables operation at more efficient BLER for E-UL


The gaming traffic model was defined by the following parameters (see also [9] for a general description):

Table: 8.1.1.2a - Parameter Settings for the Modified Gaming model

	Parameter
	Value
	Comment

	Mean packet call duration
	5s
	Exponential distribution

	Mean reading time
	5s
	Exponential distribution

	Datagram size
	240 bytes
	Fixed

	Mean datagram interarrival time
	50 ms
	Log-normal distribution, 
50 ms standard deviation

	Resulting mean data rate during packet call
	38.4 kbps
	


Other parameters used in the simulations are listed in table 8.1.1.3a:
Table 8.1.1.3a
	Parameter
	Value
	Comments

	Carrier Frequency
	2000MHz
	

	Chip Rate
	1.28Mcps
	

	Frequency Re-use
	N=1
	

	Layout
	19 sites with 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
	16.3dBi
	

	Node-B receiver noise figure
	7dB
	

	Node-B Rx diversity
	8 antennas
	

	UE antenna gain
	0dBi
	

	Users per cell
	6,9,12,15,18
	

	Number of uplink timeslots
	3 slots per subframe
	

	Traffic model
	Modified Gaming
	

	Scheduling
	Round-robin
	Max subframe resource per user = 1xSF2, 3 timeslots

	Channel type
	Pedestrian-B 3kmph
	All users

	Power control
	On
	Closed-loop power control delay: one subframe


The simulation was run for 6, 9, 12, 15 and 18 gaming users per cell, presenting mean offered loads of 115 to 345kbps.  For each user the datagram delay times were recorded and averaged over the period of each simulation.  The CDFs of the datagram delays are plotted in figure 8.1.1.1a below:
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Figure 8.1.1.1a – Datagram delay CDF, Rel-5 scheduling parameters, modified gaming model, round robin scheduler
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Figure 8.1.1.2a: Datagram delay CDF, E-UL scheduling parameters, modified gaming model, round robin scheduler

Comparing figures 8.1.1.1a and 8.1.1.2a, with the reference value 200ms, the results show that only 85% of datagrams can be satisfied if R5 parameters are used even under a light load: 6user per cell. While, 99% datagrams’ delay is smaller than 200ms under a medium load: 12 users per cell for E-UL parameter sets.
In terms of packet call throughput, the gains are less significant due to the long mean length of a packet call in the gaming model (5 seconds) ie: the latency improvements are small in comparison to the packet call duration.  Packet call throughput is however seen to increase by a factor of approximately 5% to 10% depending on the loading (figure8.1.1.3a)
Packet call throughput improvements arising due to scheduling and ACK/NACK delay improvements become much more noticeable as the mean packet call duration is reduced.  The results of figure 8.1.1.4a show an example of this for the same modified gaming traffic model in which the mean packet call duration has been reduced from 5 seconds to 500ms.  As can be seen, the packet call throughput gain is greater than 60%.
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Figure 8.1.1.3a: Packet call throughput CDFs at low and high loading, modified gaming model
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Figure 8.1.1.4a: Packet call throughput CDFs at low and high loading, modified gaming model with 500ms mean packet call duration
As such, the packet call throughput experienced by users for bursty services with short packet call times are likely to be significantly enhanced by means of Node-B scheduling.
8.1.6
8-PSK (3.84Mcps TDD)
8.1.6a
8-PSK and 16QAM (1.28Mcps TDD)
Higher modulations, including 8PSK and 16QAM, have been studied for LCR TDD. This section presents results on 8-PSK and 16QAM link performance (section 8.1.6.1a) and corresponding system performance (section 8.1.6.2a).  PAR aspects are considered in section 8.1.6.3a.

8.1.6.1a
Link Performance

Simulations have been performed for 8-PSK and 16QAM in AWGN and ITU Indoor-to-outdoor Pedestrian-B channel (3kmph).  Power control is enabled and receive diversity is disabled.

There are two aspects to the link performance:

1. the loss associated with the 8-PSK and 16QAM modulation scheme

2. the coding gain associated with 8-PSK and 16QAM for the same information data rate as a QPSK transmission occupying the same code resource (the physical channel capacity is increased and so a lower coderate may be used)

In order to evaluate the modulation loss aspect, code resources with same physical channel capacity are used for different modulation schemes, used OVSF resource can be seen in table 1. Thus, for a given transport block size the coderate on each is the same. However, the code resources used by the QPSK transmission are 50% greater than for the 8-PSK transmission and 100% greater than for the 16QAM transmission. This increase in required code resources may be viewed as one “cost” of using QPSK modulation.

Four transport block sizes were considered, resulting in four different coderates.  1/3 rate turbo coding is assumed throughout.

Table 8.1.6.1.1a lists the simulated formats:
Table: 8.1.6.1.1a
	ID
	OVSF resource


	modulation
	TBS
	coderate

	1
	6 x SF16x2
	QPSK
	324
	1/3

	2
	4 x SF16x2
	8-PSK
	324
	1/3

	3
	3x SF16x2
	16QAM
	324
	1/3

	4
	6 x SF16x2
	QPSK
	500
	1/2

	5
	4 x SF16x2
	8-PSK
	500
	1/2

	6
	3 x SF16x2
	16QAM
	500
	1/2

	7
	6 x SF16x2
	QPSK
	676
	2/3

	8
	4 x SF16x2
	8-PSK
	676
	2/3

	9
	3 x SF16x2
	16QAM
	676
	2/3

	10
	6 x SF16x2
	QPSK
	852
	5/6

	11
	4 x SF16x2
	8-PSK
	852
	5/6

	12
	3 x SF16x2
	16QAM
	852
	5/6


Performance results are shown in figures 8.1.6.1.1a through 8.1.6.1.4a.
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Figure 8.1.6.1.1a: QPSK, 8-PSK and 16QAM BLER performance, AWGN
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Figure 8.1.6.1.2a: QPSK,8-PSK and 16QAM performance comparison, AWGN
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Figure 8.1.6.1.3a: QPSK, 8-PSK and 16QAM BLER performance, Pedestrian-B
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Figure 8.1.6.1.4a: QPSK, 8-PSK and 16QAM performance comparison, Pedestrian-B

As expected, 6 x SF16 QPSK consistently out-performs 4xSF16 8PSK and 4xSF16 16QAM. For a given data rate, the power of the link is minimized if QPSK modulation is used.  This is because in the 6 x SF16 QPSK, more of the orthogonal code dimension is exploited to increase the data rate, whereas in the 8-PSK and  16QAM cases, the additional data rate comes at the expense of a decreased minimum distance between constellation points for the same symbol power.

In terms of the second aspect of link performance (coding gain), QPSK, 8-PSK and 16QAM modulation were compared using the same amount of code resources and at the same data rate.  Thus, lower coderate is afforded for the 8-PSK case or 16QAM case and is able to counteract, to a greater or lesser degree, the loss associated with the modulation.

Formats considered for this evaluation are listed in table 8.1.6.1.2a and results are presented in figures 8.1.6.1.5a and 8.1.6.1.6a for AWGN and Pedestrian-B respectively.
Table: 8.1.6.1.2a
	ID
	OVSF resource
	modulation
	TBS
	coderate

	1
	1 x SF4x3
	QPSK
	500
	0.5

	2
	1 x SF4 x3
	8-PSK
	500
	0.3333

	3
	1 x SF4 x3
	16QAM
	500
	0.25

	4
	1 x SF4 x3
	QPSK
	711
	0.7

	5
	1 x SF4 x3
	8-PSK
	711
	0.47

	6
	1 x SF4 x3
	16QAM
	711
	0.35

	7
	1 x SF4 x3
	QPSK
	764
	0.75

	8
	1 x SF4 x3
	8-PSK
	764
	0.5

	9
	1 x SF4 x3
	16QAM
	764
	0.375

	10
	1 x SF4 x3
	QPSK
	848
	0.83

	11
	1 x SF4 x3
	8-PSK
	848
	0.56

	12
	1 x SF4 x3
	16QAM
	848
	0.415

	13
	1 x SF4 x3
	QPSK
	922
	0.9

	14
	1 x SF4 x3
	8-PSK
	922
	0.6

	15
	1 x SF4 x3
	16QAM
	922
	0.45

	16
	1 x SF4 x3
	QPSK
	975
	0.95

	17
	1 x SF4 x3
	8-PSK
	975
	0.633

	18
	1 x SF4 x3
	16QAM
	975
	0.475
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Figure 8.1.6.1.5a: 8-PSK and 16QAM vs: QPSK at the same data rate and using equal code resources, AWGN
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Figure 8.1.6.1.6a: 8-PSK and 16QAM vs: QPSK at the same data rate and using equal code resources, Pedestrian-B
It is evident that there becomes a point at which the coding gain from using 8-PSK and 16QAM outweighs the modulation loss.  For AWGN the net gain of 8-PSK and 16QAM for high data rate formats is of the order of 0.3dB.  For pedestrian-B the net gain is of the order of 1.4dB.
8.1.6.2a
 System Performance

Although from a link perspective it is advantageous to utilise QPSK and maximise the used code resources for a user whenever possible in order to minimise the mean transmission power, this is not always practical:

i. available uplink code resources are taken away from other users and,

ii. the peak to average power ratio (PAR) is increased due to the multi-code transmission.

The results of section 8.1.6.1a indicate that a net gain may be realised by using 8-PSK and 16QAM when code resources are limited.

To investigate the impact of (i), system simulations have been performed in order to determine whether or not there is a net system gain to be had from the inclusion of 8-PSK and 16QAM in an enhanced uplink system.

System parameters were as follows:

Table: 8.1.6.2.1a – System simulation parameters

	Parameter
	Value
	Comments

	Carrier Frequency
	2000MHz
	

	Chip Rate
	1.28Mcps
	

	Frequency Re-use
	N=1
	

	Layout
	19 sites with 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
	16.3dBi
	

	Node-B receiver noise figure
	7dB
	

	Node-B Rx diversity
	8 antennas
	

	UE antenna gain
	0dBi
	

	Users per cell
	18
	

	Number of uplink timeslots
	3 per sub-frame
	

	Traffic model
	Full buffer
	

	Scheduling
	Round-robin
	Max resource per user = 1xSF2, 3 timeslots

	Channel type
	Pedestrian-B 3kmph
	All users

	Power control
	On
	10% BLER target


The scenario of table 8.1.6.2.1a was simulated for three cases.  In case 1, all TFCs available to the UEs used QPSK modulation only.  For case 2, the set of available TFCs included both QPSK and 8-PSK modulation types. For case 3, the set of available TFCs included both QPSK, 8-PSK,16QAM modulation types. Sector throughput was analysed as a function of the rise over thermal in the cell (controlled by the scheduler).  The rise over thermal is defined as the power at the Node-B receiver which may not be resolved by the joint detection receiver.  The results obtained are shown in figure 8.1.6.2.1a.
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Figure 8.1.6.2.1a: Sector throughput with and without 8-PSK (8 uplink timeslots)

In this simulation, the available code resources are limited to “1xSF2, 3 timeslots” per subframe. So the sector throughtput is soon saturated for case1 (QPSK only). From figure 8.1.6.2.1a, it can be seen that when the noise rise is less than 3dB, the throughput gain obtained by case2 (8-PSK and QPSK) is about 10%-20%. While for case3 (16-QAM included), the gain is between 24% and 30%.
8.1.6.3a
Peak to average power ratio

In order to verify that the inclusion of 8-PSK and 16QAM would not cause adverse effects on the UE power amplifier, simulations have been conducted in order to quantify the impact of 8-PSK and 16QAM modulation in terms of PAR.

A histogram of the instantaneous signal power was recorded across multiple monte-carlo simulation runs in which channelisation code and scrambling codes were selected at random.  A ratio was then formed for each histogram ‘bin’ by dividing the bin by the by the mean power.  Thus a histogram of the instantaneous signal power to mean power ratio was generated.  This was then integrated to form the signal CDF.

SF16 and SF8 were used as the basis of the simulations respectively.  QPSK, 8-PSK and 16QAM with 1, 2 and 3 codes were simulated.   The following cases were thus studied:
	1
	1 x SF16
	QPSK

	2
	2 x SF16
	QPSK

	3
	3 x SF16
	QPSK

	4
	1 x SF16
	8-PSK

	5
	2 x SF16
	8-PSK

	6
	3 x SF16
	8-PSK

	7
	1 x SF16
	16QAM

	8
	2 x SF16
	16QAM

	9
	3 x SF16
	16QAM

	10
	1 x SF8
	QPSK

	11
	2 x SF8
	QPSK

	12
	3 x SF8
	QPSK

	13
	1 x SF8
	8-PSK

	14
	2 x SF8
	8-PSK

	15
	3 x SF8
	8-PSK

	16
	1 x SF8
	16QAM

	17
	2 x SF8
	16QAM

	18
	3 x SF8
	16QAM


The CDF results are plotted in figure 8.1.6.3.1a.
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Figure 8.1.6.3.1a: TDD Signal Amplitude Properties SF=16
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Figure 8.1.6.3.1b: TDD Signal Amplitude Properties SF=8
The region of interest is where the CDFs approach 1.  That is to say, it is of interest to determine a ratio of the instantaneous power relative to the mean power which is exceeded only x% of the time, as this bears some relation to the degree of power amplifier backoff required in the UE.  A reasonable comparison point is x=99.9%.  Figure 8.1.6.3.2a and 8.1.6.3.2b shows a zoomed plot of the region of interest.
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Figure 8.1.6.3.2a: TDD Signal Amplitude Properties (zoomed) SF=16
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Figure 8.1.6.3.2b: TDD Signal Amplitude Properties (zoomed) SF=8

For the 99%-‘ile point, the UE PA backoffs of table 8.1.6.3.1a are obtained:
Table: 8.1.6.3.1a
	OVSF resource
	Modulation
	UE PA backoff

	1 x SF16
	QPSK
	2.3dB

	2 x SF16
	QPSK
	4.7dB

	3 x SF16
	QPSK
	6.1dB

	1 x SF16
	8-PSK
	2.3dB

	2 x SF16
	8-PSK
	4.6dB

	3 x SF16
	8-PSK
	5.9dB

	1 x SF16
	16QAM
	4.4dB

	2 x SF16
	16QAM
	6.8dB

	3 x SF16
	16QAM
	7.3dB

	1 x SF8
	QPSK
	2.4dB

	2 x SF8
	QPSK
	4.9dB

	3 x SF8
	QPSK
	5.7dB

	1 x SF8
	8-PSK
	2.4dB

	2 x SF8
	8-PSK
	4.8dB

	3 x SF8
	8-PSK
	5.6dB

	1 x SF8
	16QAM
	4.5dB

	2 x SF8
	16QAM
	6.6dB

	3 x SF8
	16QAM
	7.0dB


The results indicate that 8-PSK is actually able to deliver a slightly lower PAR than QPSK for the same number of OVSF codes (a gain of approximately 0.1 to 0.2dB).  And for 16QAM ,the PAR is 1.2dB to 2.1dB higher than that of QPSK.The effect of SF on the PAR is small compared to the number of codes, and so these relative (QPSK vs: 8-PSK and 16QAM ) results are assumed to also apply for lower SF.

8.2
Hybrid ARQ (3.84Mcps TDD)

8.2a
Hybrid ARQ (1.28Mcps TDD)

8.2.1
Performance Evaluation

8.2.1.1
Hybrid ARQ Link Performance

In this section, link level performance results of hybrid ARQ with and without chase combining are presented for the 384kbps UL channel with a 5ms TTI.  The results are provided in an ITU Pedestrian A channel at a velocity of 3kmph.

Simulation assumptions are provided in Table 8.2.1.1.1a below.

Table: 8.2.1.1.1a - Simulation assumptions

	Parameter
	Value

	Chip rate
	1.28 Mcps

	Carrier Frequency
	2 GHz

	Propagation Channel
	ITU Pedestrian A, 3 kmph

	Channel Estimation
	Realistic

	Inner loop power control
	ON 

	Outer loop power control
	OFF

	Power control delay
	10ms

	Antenna configuration
	2 antenna receive diversity

	Receiver
	Joint Detector

	Channel over-sampling
	4 samples/chip

	Turbo code information
	Max log MAP, 4 iterations

	Information bit rate
	384 kbps

	Resource occupied
	1 x SF1, 2 timeslots

	Maximum number of transmissions
	4

	TTI
	5ms

	Hybrid ARQ
	No combining (NC) / Chase combining (CC)

	ACK/NACK signaling error
	NONE

	Rate matching
	Release 5


The throughput is calculated as the information bit rate divided by the average number of transmissions required.  The throughput is shown in Figure 8.2.1.1.1a for a Pedestrian A 3kmph channel plotted against the mean received C/I per antenna branch for each of the transmissions.  From the figure it can be seen that chase combining provides a throughput gain in situations where the received C/I is low and insufficient for hybrid ARQ without chase combining to operate.

Figure 8.2.1.1.2a shows the average number of transmissions required in a Pedestrian A 3kmph channel.  It can be observed that for a given low C/I, chase combining can reduce the number of transmissions required significantly from that of no combining of transmissions at the receiver.
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Figure 8.2.1.1.1a:  Throughput in a Pedestrian A 3kmph with power control.
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Figure 8.2.1.1.2a: Average number of transmission in a Pedestrian A 3kmph with power control.
Figure 8.2.1.1.3a shows the BLER curves for the 384kbps bearer in a Pedestrian A 3kmph channel for each transmission with chase combining applied at the receiver.  This figure demonstrates that even with nearly 100% BLER on the initial transmission, after 3 re-transmissions chase combining will enable a final BLER of below 1%.

Figure 8.2.1.1.4a shows the delay distributions with the initial transmission BLER being approximately 50% and 10%.  From this it is observed that with an initial transmission BLER of approximately 50%, chase combining requires only two transmissions in order to achieve a final BLER below 1%.
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Figure 8.2.1.1.3a: BLER for 384kbps bearer in a Pedestrian A 3kmph channel.
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Figure 8.2.1.1.4a:  Delay distribution with first transmission BLER of 50% and 10% in a Pedestrian A 3kmph channel.
8.2.1.2
Hybrid ARQ Efficiency
In this section results demonstrating the efficiency of hybrid ARQ are presented and the number of transmissions required to support the 384kbps bearer at its most efficient operating point is established.

In Figure 8.2.1.2.1a the Eb/N0 per uncoded bit required for error free transmission is plotted against the mean received C/I per antenna branch per transmission.  It can be seen that there is a gain from using hybrid ARQ with chase combining over that of no combining as the curve minimum is approximately 1dB lower in the former case.  It can however also be seen that in order to obtain the most efficient performance from both chase combining and no combining the operating points in terms of received C/I are approximately 5dB apart.
This is demonstrated more clearly in Figure 8.2.1.2.2a where the plots of Figure 8.2.1.2.1a are inverted and translated into the linear domain to show the relative link capacity between hybrid ARQ with and without chase combining.  From this figure it can be seen that when operating at the most efficient link C/I with and without chase combining (approximately 2.8dB with no combining and approximately -2.2dB with chase combining in this scenario), a link capacity gain of the order of 20% can be expected in a Pedestrian A 3kmph channel.  By comparing the locations of the link capacity peaks with and without chase combining with Figure 8.2.1.1.2a and Figure 8.2.1.1.3a we observe that without chase combining the optimum capacity is achieved with approximately 1.25 transmissions on average and an initial transmission BLER of approximately 20%.  However in the case of chase combining the optimum link capacity is achieved with approximately 3 transmissions and an initial transmission BLER of close to 100% and only falling to 20% after 3 transmissions.
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Figure 8.2.1.2.1a:  Energy per bit required for error free transmission in a Pedestrian A 3kmph channel.
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Figure 8.2.1.2.2a:  Relative capacity with and without chase combining in a Pedestrian A 3kmph channel.
11
Conclusions and Recommendations

11.1
Conclusions

In the study of “Uplink Enhancements for UTRA TDD”, the following techniques have been evaluated:

· Node B controlled rate scheduling
· Node-B controlled physical resource scheduling
· Hybrid ARQ

· Higher order modulation
· Intra-frame code hopping

In addition, associated power control schemes and physical channel structures/alternatives have been considered.
Simulation of the effects on packet delay afforded through Node-B scheduling indicate that for delay-sensitive traffic such as gaming, the number of supported users at a given quality of service may be increased by approximately 50% when compared to a system with Release-5-like scheduling and ACK/NACK delays.

Packet call throughput gains are highly dependent upon the statistics of the traffic and in particular the mean packet call duration.  For the gaming traffic model, with a long packet call duration of 5 seconds, packet call throughput was seen to increase by 10-15% through Node-B scheduling alone.  However, this gain was seen to rise to 50% when the mean packet call time was reduced to 500ms.  User experience is expected to be significantly improved via Node-B scheduling for traffic with short packet call times.
Simulation of the effects on packet delay afforded through Node-B scheduling for 1.28Mcps TDD has similar results with that of 3.84Mcps TDD.
For TDD, the presence of limited code resources on the uplink requires that the Node-B scheduler has arbitration of the physical resources (code and timeslots) used for enhanced uplink amongst users.  Scheduling strategies may vary depending upon the nature of the services offered and the traffic types carried.  Thus, the system will benefit from an ability to allocate resources for long or short (i.e. 1 TTI) periods of time.

Simulation of hybrid ARQ has shown system throughput gains of the order of 30% for chase combining in a pedestrian-A channel for 3.84Mcps TDD.  Incremental redundancy was not simulated.
Simulation of hybrid ARQ has shown a link capacity gain of the order of 20% for chase combining in a pedestrian-A channel for 1.28Mcps TDD.  Incremental redundancy was not simulated.
For 3.84Mcps TDD, higher order modulation, of which only 8PSK has been studied, has been found to cause a loss in link performance compared to multi-code transmission with QPSK using greater code resources, but reveals a gain in link performance when compared with QPSK at high coderates using equal code resources.  Due to the fact that TDD users share a cell-specific scrambling code, OVSF code resources must be shared amongst users and hence these link gains apply, especially in cases of high load.  System simulations for a full buffer traffic model and round-robin scheduler show an increase in sector throughput of 10-15% when 8-PSK formats are enabled.

PAR is not worsened by the introduction of 8-PSK and has in-fact shown a small reduction when compared to an equivalent number of QPSK codes.  Restriction of the enhanced uplink transmissions to use only a single channelisation code per UE (8-PSK or QPSK) would facilitate a reduction in PAR of approximately 2dB when compared to 2-codes using QPSK, typical of a release 5 UE.  This would require that legacy physical channels are not allowed to be transmitted from a given UE together with enhanced uplink transmission within the same timeslot.  Note this does not preclude transmission of legacy channels within the frame.
For 1.28Mcps TDD, higher order modulations, of which both 8PSK and 16QAM have been studied, have been found to cause a loss in link performance compared to multi-code transmission with QPSK using greater code resources, but reveals a gain in link performance when compared with QPSK at high coderates using equal code resources.  Due to the fact that TDD users share a cell-specific scrambling code, OVSF code resources must be shared amongst users and hence these link gains apply, especially in cases of high load.  System simulations for a full buffer traffic model and round-robin scheduler show an increase in sector throughput of 24%~30% when 8-PSK and 16QAM formats are enabled.
PAR is not worsened by the introduction of 8-PSK and has in-fact shown a small reduction when compared to an equivalent number of QPSK codes. And for 16QAM, the PAR is 1.2dB to 2.1dB higher than that of QPSK. 
Intra-frame code hopping has been studied for 3.84Mcps TDD in order to ascertain the benefits of code diversity for short-code systems in a multi-user environment.  Link gains of 1dB have been observed for intra-cell interference only, and 2-4dB in the presence of significant inter-cell interference. For 1.28Mcps TDD,since a single static 5ms TTI may be considered, with limited uplink timeslots, intra-frame code hopping gain will be smaller than that of 3.84Mcps TDD. Considering the complexity and compatibility, intra-frame code hopping is not recommended for 1.28Mcps TDD.

A single static TTI of 10ms has been considered for 3.84Mcps TDD.  A TTI of 5ms may be more appropriate for 1.28Mcps TDD due to alignment with the existing 5ms sub-frame structure.

Complexity and backwards compatibility aspects of the enhancements have been studied where appropriate and comments from RAN2 and RAN3 on their respective areas have also been taken into account in the TR.  It is expected that the enhancements may be introduced into the specifications without undue impact on features present in earlier releases and with manageable complexity.

11.2
Recommendations
In light of the findings in this document, it is proposed that the following uplink enhancements are incorporated into the specifications; the work being continued via the creation of a suitable work item:
· Node B controlled rate scheduling
· Node-B controlled physical resource scheduling

· Hybrid ARQ
· Higher order modulation (including 8-PSK at a minimum)

· Intra-frame code hopping (for 3.84Mcps TDD)
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