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1. Introduction
In support of the 12 December 2006 interim conference call, a preliminary contribution was provided [1], which extended the original version of how to model power control for OCNS [2] to ensure that the total output power was normalized and would not exceed unity.  During the conference call it was agreed that companies should investigate both the original form of power control, referred to as un-normalized and the newly defined one referred to as normalized.  This contribution provides simulation results for both versions along with results for the no power control condition.  As rapporteur of the interference cancellation study item it fell to AT&T/Cingular to contact representative test equipment manufacturers and ask them the impact on test equipment of implementing the two versions of power control being considered.  This contribution provides some preliminary feedback from these test equipment manufacturers on the feasibility of implementing each of these versions of power control.    
2. Evaluation of Proposed Power Control Algorithms
To properly account for power control in the modeling of the OCNS for serving and interfering cells, two forms of power control were defined in [1].  The first version, referred to as un-normalized, varies the specific user’s power randomly by decreasing or increasing it by 1 dB, i.e. 
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is the power of the ith user at the nth time instant, 
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is the power of the ith user at the n-1 time instant, and  = +- 1 dB.  The probability that the change in power = +1 dB is given by
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The concern with this version of power control is that the instantaneous total power for the OCNS will exceed its allocated power and, thus, the total instantaneous power transmitted by the serving cell and interfering cells (before fading and scaling) will exceed unity, and will also at certain times be below unity.  This variation about the allocated power is different from past OCNS definitions and thus, there is concern as to the capability of test equipment to implement.  This concern motivated the development of a normalized version of power control, which is accomplished by the application of equation (2) below to the power calculated using the un-normalized approach.

[image: image4.wmf]ˆ

      (2)

0

i

P

ii

n

PP

n

i

i

P

n

i

=

å

å

  
The total instantaneous output power of the OCNS is now always equal to its allocated power.  A potential disadvantage however, is that the step size is now longer +- 1 dB, but can take on a whole range of values determined by the ratio of the summations defined in (2).  In addition, the variance may differ from the originally suggested value.  A subtle point to note about our normalized implementation is that at each iteration, (1) continues to use the previously calculated value from (1) as opposed to the previously calculated value from (2).  That is,
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To understand the impact of these two versions of power control on link performance, and to ultimately decide which version should be selected for actual lab testing, we added both versions to our existing link level simulator.  Table 1 below summarizes the results of a number of link simulations that were conducted for both versions and for the no power control case as well.  Throughput values are shown in kbps for type 3 and 3i receivers for FRC H-Set6 and Ior/Ioc = 0 dB using the weighted average DIP ratios as defined in [3].  Results are shown for both HSDPA-only and HSDPA+R99 scenarios [4] for QPSK at Ec/Ior = -6 and -3 dB, and for QAM at Ec/Ior = - 3 dB
.  The resulting gain in throughput is shown as well.  The first thing to note is that neither form of power control had a significant impact on the performance of the type 3i receiver.  This is to be expected for the LMMSE implementation of the type 3i, which is based on determining an ‘average’ channel response matrix for the interfering cell as opposed to individual user processing as would be required in a true multi-user type of receiver.  The primary intent of implementing power control is to provide a realistic environment, which verifies the robustness (or lack thereof) of any multi-user implementations.  If we were only going to test LMMSE type of receivers there would be no need to define power control for the OCNS as evidenced by the results of Table 1.
The other major point to note about the results in Table 1 is that although there is not a significant degradation from the no power control condition, there is definitely some moderate degradation (typically in the 1 to 3% range) for the un-normalized approach.  The reason this occurs is that the total average power of the OCNS is actually increased as will be discussed shortly, see Table 2.  Apparently, there is a positive bias which results from using the un-normalized version of power control, while the normalized version keeps the OCNS power to that allocated. As such, no degradation is observed for the normalized approach, and in some cases it is even a bit better than the no power control results.
Table 1. Throughput values in kbps for proposed forms of power control (PC) for type 3/3i receivers.
	Rx Type

Modulation

Ec/Ior, dB
	3

QPSK

-6
	3i

QPSK

-6
	3

QPSK

-3
	3i

QPSK

-3
	3

QAM

-3
	3i

QAM

-3
	Gain

QPSK

-6
	Gain

QPSK

-3
	Gain

QAM

-3

	HSDPA-only;
No PC
Un-normalized
Normalized
	925
906

930
	1353
1329

1351
	1581
1568

1583
	1940
1922

1941
	1313

1292

1315
	1786
1759

1787
	1.46

1.47

1.45
	1.23

1.23

1.23
	1.36

1.36

1.36

	HSDPA+R99;
No PC
Un-normalized
Normalized
	919

876

917
	1346

1309

1346
	1577

1550

1583
	1941

1885

1934
	1300

1260

1295
	1781

1744

1783
	1.46

1.55

1.46
	1.24

1.21

1.23
	1.37

1.38

1.38


To get a handle on the effect on the variance (and average), we collected statistics on one of the power controlled users in the serving cell for both the HSDPA-only and HSDPA+R99 scenarios.   We also measured the average power for the total OCNS.  For the HSDPA-only scenario we collected statistics for the user described by row 1 of Table 9 of [4], which has an Ec/Ior = P0 of 0.0135 = -18.7 dB.  For the HSDPA+R99 scenario we looked at the user corresponding to the first row of Table 4 of [4], which has an Ec/Ior = P0 of 0.0204 = -16.9 dB.  The average and variance of the individual user’s power plus the total average power of the OCNS for both scenarios and power control versions are shown in Table 2.  These results indicate that the normalized version has the advantage of keeping the OCNS allocation set to the proper level but the disadvantage that the average and variance are a bit lower than expected.  The variance can be controlled by changing the L factor if need be, but the difference from the un-normalized values is not all that great in our opinion.  The average or mean value is lower by about 0.5 dB, but this appears to be the price one has to pay to keep the total power equal to the allocation.  For the un-normalized version we clearly see that the average power of the total OCNS power is increased for both scenarios, and this is why we see the degradation in link performance as reported in Table 1. 
Table 2. Power control statistics.

	Scenario/PC version
	Total average OCNS power allocated
	Total average OCNS power measured
	Original average user power
	Measured average user power
	Variance of user power

	HSDPA-only;

Un-normalized

Normalized
	0.14

0.14
	0.1585

0.14
	0.0135 (-18.7 dB)

0.0135 (-18.7 dB)
	0.01346 (-18.71 dB)

0.01210 (-19.17 dB)
	4.95 dB

4.80 dB

	HSDPA+R99;
Un-normalized

Normalized
	0.305
0.305
	0.348

0.305
	0.0204 (-16.9 dB)

0.0204 (-16.9 dB)
	0.02018 (-16.95 dB)
0.01823 (-17.39) dB
	4.89 dB

4.43 dB


3. Preliminary Feedback from Test Equipment Manufacturers
In all, we contacted three test equipment manufacturers regarding the implementation complexity of the two versions of power control.  We will refer to these manufacturers as vendors #1, #2, and #3, respectively in the following discussion. 

Vendor #1 stated that they could handle non-constant power amongst each of the users, and that both un-normalized and normalized are possible.  However, the un-normalized version may result in a power limitation, which must be handled somehow.   In addition, vendor #1 noted that the power change is a statistical process and that due to the change in overall transmit power, the un-normalized version may require a longer minimum test time than the normalized version.  However, the normalized version requires higher resolution (in the changes in power control).
Vendor #2 stated that the resulting power variation for the un-normalized version for an L value of 10 would have a significant impact on the design of the test equipment, but that a lower L value might be acceptable.  No such problem is anticipated for the normalized version and is thus, preferred.  Vendor #2 also commented that the current number of OCNS channels specified in TS 34.121 is equal to 16, and that to increase to 46 per [4] would have a significant impact on the implementation.  Note we think the vendor meant to say 34 instead of 46 per Table 5 of [4], which is the maximum number of users considered for all of the OCNS definitions provided in [4], but the overall concern still exists.
Vendor #3 indicated that there should not be a problem with a fluctuating power level as long the variations are known and well-behaved.  A second comment was that a fluctuating level is preferable as the number of tau_dpch values grow, but that the complexity increases quickly with an increasing the number of tau_dpch values.  The last comment concerned the normalization of power or leveling, and that though it may appear straightforward and is convenient because the rms power level is then constant, it is not trivial.  The scenarios defined for interference cancellation seem even more complicated, which may be another reason to not the level the power on a short term basis.  One could instead define the power level to be measured over a longer period, over which we expect it to be relatively constant.  For example, one could specify that the rms power averaged over x seconds should be within 0.3 dB.  Vendor #3 concluded that this is a very detailed topic and requires more discussion with a larger audience.  
Based on the above responses, it appears that two of the three vendors favor the normalized version of power control.  The third raises some concerns about trying to normalize/level the power, and offers yet a third variant, which we hesitate to consider at this time at least for the link level simulations.   One possible way forward may be to choose the normalized version to complete the link level simulations, but as we transition to a work item, we should revisit our assumptions to see what simplifications can be made for actual laboratory testing.  This was the approach taken in the development of DARP/SAIC, where the original simulation assumptions were modified so as to simplify the testing, while still preserving the overall intent of the testing as best as possible.   

4. Conclusions
Link level simulation results were presented for the un-normalized and normalized versions of power control, and also for the no power control case.  Results of these simulations indicate that the un-normalized version produces an average increase in the OCNS power above the traditional value of unity for the serving cell, and for the interfering cells before fading and scaling by the geometry and DIP ratios.  This increase in power causes a decrease in throughout compared to the normalized and no power control cases of about 1 to 3%.  The variance of an individual user for the normalized version is shown to be less than that of the un-normalized version, and there is also a negative shift of about 0.5 dB in the original mean value of Ec/Ior.   Although the absolute throughput values are different for the two versions, the relative gains in throughput are nearly identical for the majority of conditions.  
Initial feedback from two of the three test equipment manufacturers contacted, indicate a preference for the normalized version although the third points out some issues with the normalized approach.  Thus, based on the information available at this time, it is our recommendation to go with the normalized version of power control, although we are still open to additional inputs that others might have on this topic.  If for some reason the group can not come to agreement at this meeting, we feel that this can be carried forward and resolved as we transition into the work item phase during which we will formally define the testing required.  That is to say that lack of a resolution on this topic should not preclude moving forwards into the work item phase of this effort.  
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 Appendix A: Link Level Simulation Parameters and Assumptions
	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	Code structure in serving and interfering base stations
	HSDPA-only and HSDPA+R99 scenarios, see [4]

	Channel estimation
	Ideal, location and values of channel coefficients are assumed to be known

	Number of bits in A/D converter
	Floating point

	Number of samples per chip (P) for channel synthesis
	P = 2

	Channel ray mapping
	Nearest Tc/P spaced delay, where Tc is one over the chip rate

	SRRC pulse shaping
	On

	Receiver structure
	Type 3i and 3

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of UE antennas
	Two, fully uncorrelated fading between branches

	Equalizer length
	40 taps (20 chips with 2 samples per chip)

	Noise covariance matrix
	Constructed from ideally known channel coefficients and known AWGN variance

	Scrambling codes
	Serving cell = 0; Interfering cells = 16, 32 48, 64, 80

	Interfering frame offset
	None applied 

	RV sequence
	QPSK {0, 2, 5, 6}, QAM {6, 2, 1, 5}






















































































� Additional link level simulation assumptions are shown in Appendix A.
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