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Executive Summary
A paper [1] describing modifications to the existing TPC-based power control scheme for downlink CCTrCH’s in 3.84Mcps TDD was presented at WG1 meeting #28 in Seattle, August 2002.
In this paper it was claimed that the new scheme delivered benefits in terms of system capacity for a simulated voice-oriented, indoor pico-cellular system.  Capacity claims of 24% to 52% were made in the conclusions section of this document.

Following this paper, IPWireless have performed abstract link-level simulations of the proposed scheme and the results are contained within this document.

The results indicate that the capacity gains claimed do not exist when analysis is performed over a range of channel types and speeds and in the presence of real TPC errors.  Moreover, the results indicate that for most channel types and speeds there is in fact a net loss in capacity with the proposed scheme.
Background and Introduction
A proposal to allow multi-level TPC feedback signalling for 3.84Mcps TDD was presented at WG1 #28 [1].  The motivation for inclusion of the technique was to provide downlink system capacity gain, and gains of 24-52% were claimed over the existing 1-bit TPC command scheme with a 1dB step size implemented at Node-B.
However, there are several oversights in the analysis as presented which tended to over-estimate the performance of the proposed scheme.
Firstly, the paper states in section 2.1:-

“The TPC bits are not coded”

and further in section 2.2:-

“It is proposed to utilise the don’t care options of the two bit TPC field to signal the observed SIR difference”

It is clear that in the current scheme there are no such “don’t care” options.  Rather, the TPC command is protected by a x2 repetition code, and the signalling of 2-bits in the TPC symbol instead of 1-bit would obviously impair the reliability of the TPC commands for a given uplink physical channel SNIR.  As the uplink physical channel SNIR (and hence also the reliability of the TPC command) is controlled by uplink outer-loop power control (usually based off transport block CRC information), the SNIR of the physical channel will be equal for both schemes.  Thus, the up/down decision distance in Euclidian terms for the proposed scheme is half that of the current scheme.
The paper consistently failed to account for this worsening when comparing the performance of the schemes.  Although an error analysis was shown in the paper, section 2.3.4.1.1 stated:-

“Fixed TPC error probability has been used as a parameter and errors in TPC command are generated according to that probability.  In case of error direction of power control command is changed.  If more than one bit is used for TPC command, then each bit is tested separately against given probability.”

From this, it is deduced that the “given probability” is actually the raw channel bit error probability (this was confirmed by the Nokia delegate at WG1 #28).  However, in the analysis the direction of the TPC command for the existing scheme was reversed based on this probability.  This is incorrect due to the fact that it ignores the benefits of the rate ½ repetition code.

Importantly, the capacities of the schemes were then compared at the same “TPC error rate” (=channel bit error rate).  However, due to the above disregard for the TPC encoding in the release 99/4/5 scheme the actual TPC command reliability was underestimated.  The real TPC command error rate for this scheme is less than the channel bit error rate and with this taken into account the comparison would have been fairer.
As such, the error analyses (and subsequent results of table 2) are specious and void.
A second problem with the paper is that in the conclusions section capacity gains are claimed relative to the current scheme at 1dB step size.  However, for this channel type it is noted that the results show that the 1dB step size is the worst performing across 1, 2 and 3dB step sizes as are supported by Rel 99, 4 and 5.  If for example, the comparisons in the conclusions had been made against the 2 and 3dB step sizes, for the channel studied, the gains of the proposed scheme would have been greatly diminished.  For example, using the results presented in table 2 (although these are incorrect for the reasons stated above), we find that the 2 bit asymmetric scheme provides only an 11% capacity increase over the rel 99/4/5 scheme with 3dB step size at a typical TPC error rate of 5%.
Simulation
1.1 Methodology
An abstracted link-level simulation has been devised in order to speed up simulation time and to therefore allow analysis across a broad range of channel types and speeds.
A true link level simulation was run for the uplink in AWGN channel conditions incorporating realistic oversampled channel estimation, an MMSE receiver, and 2 antenna receive diversity.  An approximate 8kbps bearer was used for the simulation using a 1/3 rate convolutional code with virtually no rate matching required.  The TTI was 10ms and the CCTrCH consisted of 1 UL-DPCH at SF16.
The probability of transport block error was logged along with the raw channel bit error probability and the TPC command error probability (this being measured post soft combining of the two channel bits used within the TPC symbol).  The results are shown in Figure 1 below:-
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Figure 1 – Reference AWGN Performance of 8kbps UL Bearer with 2-Antenna Receive Diversity
Using these results, single user simulations were run for multi-path channels under the following assumptions:-

· For each antenna, all received channel paths are compared against a power threshold and are discarded if below this threshold (noise thresholding operation).  The total power of these discarded paths is summed and added to the (known) receiver noise power to form the total interference power per antenna “I1” and “I2”.
· Only paths arriving above this threshold are summed in power terms to form the total received signal power estimate for that antenna “S1” and “S2”.
· All detected signal power components are ideally equalised by the MMSE.

· The resultant SIR is calculated as the sum of the two individual antenna SIR’s.

· For each timeslot observation, probabilities of error are then derived from the above curve using the timeslot-instantaneous post-combined SIR (derived from S1, S2, I1, and I2).
For the uplink CCTrCH, open-loop power control was employed, along with a closed outer loop.  The transmit power was calculated from unfiltered measurements of pathloss derived from P-CCPCH RSCP on timeslot 0 and applied in timeslot 10 (the UL-DPCH timeslot).  The target BLER was set to 5%.

For the downlink CCTrCH, TPC commands were derived by the UE on timeslot 2 (the DL-DPCH timeslot) and transmitted in the next available UL CCTrCH (timeslot 10).  They were detected by Node-B, errored as appropriate, and then used to control the transmit power of the next downlink CCTrCH (timeslot 2 of the next frame).  An outer-loop was located in the UE to control the downlink BLER.  The target BLER for the downlink was again 5%.
The general methodology of the simulations was to run the link for period of time to allow both uplink and downlink inner and outer control loops to converge and to then start the collection of data.  Once the outer-loops had automatically converged to the target BLER, the following metrics of interest (amongst others) were logged:-

· Mean Node-B transmit power for the DL-DPCH (to achieve 5% BLER)
· TPC error statistics
1.2 Channel Models
Three channel models were used for the analysis.  These were selected to give some comparison with the narrowband fading results of [1], but also to evaluate performance for wide-band dispersive channels.  The channel models were:-
· AWGN

· Case 1 of Annex B.2, 3GPP TS 25.105 [2]

	Path Delay (ns)
	0
	976

	Mean Path Power (dB)
	0
	-10


Table 1
· Outdoor to Indoor and Pedestrian Channel-B, UMTS 30.03 [3]

	Path Delay (ns)
	0
	200
	800
	1200
	2300
	3700

	Mean Path Power (dB)
	0
	-0.9
	-4.9
	-8.0
	-7.8
	-23.9


Table 2
For both of the channel models, three speeds were studied: 1, 3, and 30kmph.
1.3 Simulation Runs
A total of 5 TPC schemes were compared for each of the 3 channel models, and (for the multi-path models), each of the 3 channel speeds.  The TPC schemes were:-

· Rel 99 with 1dB step size

· Rel 99 with 2dB step size

· Rel 99 with 3dB step size

· Proposed symmetric 2-bit scheme with 1 and 2dB step sizes

· Proposed asymmetric 2-bit scheme with 1 and 2dB step sizes “down”, and 1 and 3dB step sizes “up”.

This resulted in a total of 35 runs.
In addition to these, the 5 TPC schemes were also run for channel Case 1 at 1, 3, and 30 kmph (15 further runs) with an artificial 0% TPC error probability.  This was done in order to facilitate comparison with the results of [1] and to reveal behaviour for high-data-rate UL bearers.

Thus a total of 50 runs were simulated.

For the proposed 2-bit TPC schemes, one channel bit was mapped to “up”/”down” and the other to “big”/”small”.  For the symmetric scheme “big”=2dB and “small”=1dB.  For the asymmetric scheme, “big”=2dB in the down direction and 3dB in the up direction, whilst “small”=1dB in both cases.
As per [1] the decision to transmit “big” or “small” made by the UE was based on the magnitude of the power difference observed between the measured DL-DPCH SIR and the target SIR as set by the outer-loop.  If this magnitude was greater than 1dB “big” was signalled, otherwise “small” was signalled.
Results
The primary metric of interest here is the mean Node-B transmit power for the DL-DPCH in order to achieve 5% BLER at the UE.  As a first approximation, differences in the mean transmit power requirement can be translated into relative downlink capacity assuming an interference limited system without code resource limitations.
1.4 Achieved BLER
To first confirm that the loops were performing as required the resultant transport block error rate was verified.  For the target of 5% BLER the following were achieved across the 50 runs:-
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Figure 2
1.5 Mean DL DPCH Transmit Power Requirements
The following dB-relative transmit power requirements were obtained for the DL-DPCH at 5% BLER.  All are expressed relative to the Rel 99 1dB step TPC scheme at the lowest channel speed
[image: image3.emf]Case 1, Mean Node-B Tx Power for 5% BLER, Artificial 0% TPC Errors
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Figure 3
[image: image4.emf]AWGN, Mean Node-B Tx Power for 5% BLER in Presence of Real TPC Errors
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Figure 4
[image: image5.emf]Case 1, Mean Node-B Tx Power for 5% BLER in Presence of Real TPC Errors
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Figure 5
[image: image6.emf]Outdoor to Indoor and Ped. Channel-B, Mean Node-B Tx Power for 5% BLER in Presence of Real TPC 
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Figure 6
1.6 Relative DL Capacity
Translating the results of section 4.2 into downlink capacity we obtain the following.  All capacities are expressed relative to the Rel 99 1dB step TPC scheme at the lowest channel speed.
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Figure 7
[image: image8.emf]AWGN, Relative Capacity in Presence of Real TPC Errors
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Figure 8
[image: image9.emf]Case 1, Relative Capacity in Presence of Real TPC Errors

0

20

40

60

80

100

120

Channel Speed: 1/3/30 kmph

Relative DL Capacity (%)

Rel 99 1dB step

Rel 99 2dB step

Rel 99 3dB step

Symmetric 2-bit, 1&2dB steps

Asymmetric 2-bit, 1,2,3dB steps


Figure 9
[image: image10.emf]Outdoor to Indoor and Ped. Channel-B, Relative Capacity in Presence of Real TPC Errors
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Figure 10
1.7 TPC Reliability at 5% BLER for Uplink
The up/down decision error rate was analysed for all TPC schemes in order to highlight the worsening TPC reliability issue for the proposed scheme as discussed in section 2.  These results are shown below:-
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Figure 11
[image: image12.emf]Ped-A, Up/Down Decision Error
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Figure 12
[image: image13.emf]Channel-B, Up/Down Decision Error
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Figure 13
Summary and Conclusions
In [1], the preferred scheme was the asymmetrical 2-bit scheme.

With reference to Figure 7, the asymmetrical 2-bit scheme produces the following capacity increases for Case 1, and artificial use of 0% TPC error, relative to the best performing rel 99 scheme:-
· 1 kmph, +8%

· 3 kmph, +5%

· 30 kmph, -14%

However, with real-life TPC errors, the asymmetrical 2-bit scheme produces the following capacity gains against the release 99 schemes:-
	
	1 kmph
	3 kmph
	30 kmph

	AWGN
	-26%
	---
	---

	Case 1
	+4%
	-8%
	-15%

	Indoor to Outdoor and Ped. Channel-B
	-17%
	-13%
	-16%


Table 3
With reference to figures 11 through 13, it is clear that part of the above capacity losses are due to TPC decision error worsening in the proposed scheme.  For the release 99 scheme the up/down decision error probability is typically 4 to 5% for the 8kbps bearer at 5% BLER, whilst for the proposed scheme there is a very significant worsening; this giving typically 10 to 15% decision error probability.

This is precisely the effect that was mentioned during WG1 #28 yet the following appears in the minutes [4] :-

“[IPWireless] there was one comment that this paper has not considered the effect with the coding gain reduction when deriving the capacities

--> taken into account already [Nokia]”
It is clear from these results and from the procedural description in 2.3.4.1.1 of [1] that this latter statement is incorrect.

Further concerns regarding the proposed scheme exist in the area of backwards compatibility.  It was stated in [1] that a Node-B implementing the proposed scheme would also be able to support UE’s of earlier release by knowing which release the UE’s conformed to.  However, the method by which this was intended to be achieved was not illustrated.  It is anticipated that this would require new NBAP signalling between RRC and Node-B.
In addition, the UE must be aware of which release of network (specifically Node-B) it is connected to in order to transmit the correct TPC signalling.  The mechanisms for determining this again were not elucidated.  It is anticipated that new IE’s within the Node-B generated SIB’s 7 and 14 may be required.
These concerns taken together in conjunction with the above poor performance results, suggest that the scheme as it currently stands does not warrant inclusion into future releases.
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