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1. Introduction

In the document [1] a need for an improved TPC combing test was presented and discussed. The document concluded that straightforward implementation of conventional ‘OR’-combining may lead to poor UL performance. It was proposed that the requirement and the existing test case in [2] would need to be improved as the existing test methodology is insufficient for verifying desired UE behaviour. We also recognize that the current test methodology does not cover all the important performance aspects of TPC combining for the algorithm 1. However, we feel that the existing test case would be useful in order to verify that the UE combines the received TPC commands from different cells according to the definition given in [3]. Therefore in this paper we outline our proposal for a new additional test for TPC combining in Section 2. We also show some simulation results for the proposed test in Section 3. Text proposal for 25.101 is presented in Section 4.

2. Proposal for new TPC combining test case

In this section we introduce a new TPC combing test case, which we believe would realistically test the UE TPC combining functionality. The proposed test consists of two separate parts. The aim of the first test is to verify that the UE uses only the reliable TPC commands to derive it’s transmit power. The second test aims to verify that the UE uses the TPC commands of both reliable sources when defining its transmit power adjustments. The definition ‘reliable’ refers to the definition of UE functionality given in Section 5.1.2.2.2.3 of [3] for combining TPC commands from different active set radio links. Based on this definition, the combined TPC command shall be 1 if the TPC commands from all the radio links are reliably “1”. Furthermore the combined TPC command shall be -1 if a TPC command from any of the radio links is reliably “0”. This definition allows UE to use some metric of reliability when deriving the output result of the combined TPC commands. The details of a metric are left for implementation optimisation. Hence the primary objective of the test case presented here is to verify that UE actually uses a proper metric for evaluating the reliability of received TPC commands and thus undesired UE behaviour due to unreliable TPC commands could be avoided. Hence the test needs to ensure that in SHO UE does not simply combine all received TPC commands but instead uses some proper metric for estimating their reliability. 

As the performance of TPC combining affects directly the UE output power behaviour, we proposed that the performance metric is based on the UE output power. The test verdict could be set so that the UE output power has to stay within some predefined range in 90% of the time. This is also a commonly used method in the other tests of 25.101.

Basically the proposed test methodology is as follows (outlined in detail in Section 4):

Initialisation: 

- This section is presented just for information and the actual test functionality should be specified by T1.

- Prior to the start of tests 1 and 2 the UL transmit power control is ON and the transmit power of the UE is adjusted to a predefined level. A target level of -15dBm is proposed here. This is close to the mid point of the UE output power range and would enable sufficient variation in the UE output power. The actual level to which the UE output power is exactly set depends on the performance of UL SIR estimation and also the accuracy of the UE power control steps. 
- All the cells defined in the test shall transmit during the initialisation phase but only Cell 1 shall transmit DPCH for the UE. The target quality value on DTCH is set to 0.01 and the DL power control is set ON. Once the DL power control has converged the DL power control shall be turned OFF and the DPCH_Ec/Ior1 is kept constant during the test. This level of the DL DPCH_Ec/Ior1 is defined as an  average of the transmitted DPCH_Ec/Ior1 measured after the initial convergence time and rounded up to nearest possible Ec/Ior level. 

Test 1:

- During test 1 three cells, Cell 1, Cell 2 and Cell 3 transmit DPCH for the UE. The DPCH_Ec/Ior level of Cell 1 is kept constant at the level, which the DL power control adjusted it to in the test initialisation phase. This level should be such that the received TPC commands are not error free, but have some non-zero TPC command error rate. This is discussed further in Section 3. The power level of DPCHs of Cell 2 and Cell 3 are set on a lower level than the DPCH_Ec/Ior1 of Cell 1. This level is defined based on the level of DPCH_Ec/Ior1 subtracted by some offset so that the TPC commands received by the UE from Cell 2 and Cell 3 would be received erroneously more often. The size of the suitable offset is discussed in Section 3. The TPC commands of Cell 1 are defined based on the UE transmit power so that Cell 1 tries to keep the UE transmit power at the target level of -15 dBm. Cell 2 and Cell 3 transmit a TPC pattern consisting only of TPC commands "1".

- During test 1 the UE transmit power should remain constant based on the TPC commands of Cell 1. Since the DPCH level is defined so that the error probability of Cell 1 TPC commands is non-zero, and the UE has to estimate the reliability of all the received TPC commands using some non-ideal method, and will be some amount of variation in the UE transmit power. However the performance should be such that the UE transmit power stays within an acceptable range from the target level. 

Test 2:

 - In the beginning of test 2 the DPCH_Ec/Ior2 level of Cell 2 is set higher than DPCH_Ec/Ior1 level of Cell 1. Cell 3 is not present during test 2. The higher DPCH Ec/Ior2 level is used for Cell 2in order to ensure that the UE does not only follow the TPC commands of the strongest cell. 

- During test 2 the TPC commands of Cell 1 are defined so that the UE transmit power is kept at the target level (closed loop) as previously and Cell 2 transmits a TPC pattern consisting only of TPC commands "1" similarly as in the test 1.

- During the test 2 the UE should follow the combined TPC commands from both of the active cells. As a result of this the UE transmit power should still remain within an acceptable range from the target level although Cell 2 is asking the UE to increase its transmit power and part of the TPC commands form Cell 1 are received erroneously. 

3. Simulation results for the TPC combining test 

In this section we propose signal levels for tests 1and 2 and present some simulation results. 

Before discussing the required signal levels for the test we briefly present the theoretical TPC command error ratio. In the theoretical performance presented here we have assumed that the UE takes benefit of the pre-knowledge that two TPC bits are the same (resulting antipodal constellation) and uses a matched filter to detect the signal. Figure 1 a) shows the theoretical TPC command error ratio in AWGN as a function of Es/N0. In figure 1 b) the same theoretical performance is shown as a function of required Ec/Ior (SF=128) with Îor/Ioc of -1dB assuming one (blue) or two (red) equal power interferers. 
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Figure 1. TPC command error probability as function of a) Es/N0 b) Ec/Ior.

Based on the proposed approach, for the test 1 and 2 the UE should adjust its DPCH Ec/Ior level during the initialisation phase to the quality level of 1% through DL power control. Naturally the exact level depends on the performance of the particular UE receiver but some estimation of the expected TPC command error ratio can be done based on the existing demodulation requirements. The Section 8.2.3 of [2] defines the minimum performance requirements for dedicated channel in AWGN conditions. The requirement for 1% DTCH BLER is -16.6dB Ec/Ior. Since this is a static (AWGN) condition, it corresponds to an ideally power controlled case and therefore gives Es/No level for 12.2kbps reference channel with BLER target of 1%. Based on this test the ideal Es/No for TPC commands can be derived (taking into account the 2dB implementation margin) to be 1.47dB when DTCH is at the 1% quality target. This Es/No corresponds to a theoretical TPC command error rate of 4.7%. The needed offset for defining Cell 2 and Cell 3 DPCH Ec/Ior levels in order to obtain a desired TPC command error rate for Cell 2 and Cell 3 can be evaluated based on this Es/No. Table 1 presents the TPC command error rates for different offset values. In the Section 3.1 we present simulation results with these offsets for the test 1. The suitable offset for the test 2 is discussed in Section 3.2.  

Table 1. TPC command error rates for different offsets.

	Offset [dB]
	Es/No [dB]
	TPC error rate [%]

	+6
	7.47
	0.04

	+3
	4.47
	0.9

	0
	1.47
	4.69

	-4
	-2.53
	14.52

	-6
	-4.53
	20.05

	-8
	-6.53
	25.24

	-10
	-8.53
	29.81


3.1 Test 1

In this section we present simulation results for the proposed test case 1. In these simulations we assume that the UE does not use any reliability metric in its TPC command combining, but instead combines all received TPC commands equally i.e. using so called ‘OR’-combining. The aim is to show that a UE performing in this way would not be able to pass the proposed test 1. The TPC patterns are defined so that Cell 1 is always assumed to maintain the ideal closed loop and Cell 2 and 3 transmit a TPC command sequence of “1”. The error events in the receiver are modelled so that for a given TPC command error probability TPC commands are reversed, i.e. down becomes up and vice versa. UL SIR estimation used for closed loop power control is assumed to be error free and the TPC command generation delay is 1 slot. Furthermore the UE transmit output power step is assumed to be exactly 1dB unless other wise mentioned and the UL transmit power is assumed to be initialised exactly to -15dBm.

Figures 2, 3, 4 and 5 present examples of UE output power behaviour when all received TPC commands are combined equally. The TPC command error rates used in these simulations correspond to different offsets presented in Table 1 above. It can be seen from Figures 2 and 3 that with offset values of -4 and -6 dB, the corresponding TPC command error rates are ~15% and ~20%. A UE combining all the received TPC commands equally would still maintain its output level near the desired target (-15dBm).  This is as expected since the error events in Cell 2 and Cell 3 TPC command sequences are too scarce, occurring approximately in every 7th and 5th TPC command. Therefore the closed loop TPC commands from Cell 1 can correct the UE output power deviation.  Figure 4 presents a sample of the UE output power behaviour with -8dB offset corresponding to 25% TPC command error rate. It can be seen that the UE output power deviates more often from the target level as the error events are more frequent and the Cell 1 closed loop cannot any longer compensate the errors very effectively. Figure 5 presents the UE output power behaviour with -10dB offset (~30% TPC command error rate). Due to increased amount of errors, occurring approximately every third TPC command, the UE output power permanently shifts away from the desired target until the minimum level is reached. This is an unwanted behaviour, which would be avoided if the UE used a proper reliability metric in its TPC combining. 
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Figure 2. Three-way SHO scenario with TPC command error rates of 5%, 15% and 15% for different cells
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Figure 3. Three-way SHO scenario with TPC command error rates of 5%, 20% and 20% for different cells
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Figure 4. Three-way SHO scenario with TPC command error rates of 5%, 25% and 25% for different cells
	[image: image6.png]dBm

20
15

10

Cell 1 TPC command error rate 5% and pattern: Closed loop.
Cell 2 TPC command error rate 30% and pattern: 111....
Cell 3 TPC command error rate 30% and pattern: 111....

T T

Mmm |

500 1000
slots

1500




Figure 5. Three-way SHO scenario with TPC command error rates of 5%, 30% and 30% for different cells


Table 2 presents Monte-Carlo simulation results for the above-mentioned cases. In this table we also present are theoretical Ec/Ior values for these different TPC command error rates taking into account the interference caused by two other cells with equal power and Îor/Ioc of -1dB. The results are presented as the percentage of a time that the UE transmit power remains within a given range from the target power. The test was simulated over 1500 slots (1s) and this was repeated 15 000 times. The results are in accordance with the examples presented above. It is to be noted that for the case of -10dB offset scenario the probabilities would be even smaller if longer than 1500 slots had been simulated. This is also obvious from Figure 5, which shows that once the UE output power has decreased, it remains close to the minimum power. 

When evaluating the results in Table 2 it would seem that either offset -8dB or -10dB could be used in the test 1 to certify that the UE uses some reliability metric for deriving the final combined TPC command. The probability for the UE output power being close to the target level is small for the both of the offsets if the UE only uses only so-called ‘OR’-combing. 

Table 2. Monte-Carlo simulations for TPC combining.

	TPC command error rate [%] and theoretical Ec/Ior [dB]
	Percentage of the UE transmit power within the window [%]

	Cell 1
	Cell 2
	Cell 3
	±5dB
	±8dB
	±10dB

	5
	-14.6
	15
	-18.6
	15
	-18.6
	96.86
	99.63
	99.90

	5
	-14.6
	20
	-20.5
	20
	-20.5
	85.99
	96.04
	98.28

	5
	-14.6
	25
	-22.4
	25
	-22.4
	48.99
	67.21
	75.57

	5
	-14.6
	30
	-24.5
	30
	-24.5
	4.64
	7.86
	10.11


The simulations presented above assumed that the UE transmit power step due to inner loop power control was exactly 1dB. The Section 6.4.2 of [2] specifies an acceptable range for the variation of output power step size. Based on this requirement it can be evaluated that a UE having maximum bias of 0.5dB on single output power step or a fixed bias of 0.2dB is within the acceptable range. Thus, if the aim of the test is to verify that the UE uses some reliability metric in its TPC command combining instead of straightforward ‘OR’-combining, the performance of the ‘OR-combing’ needs to be investigated with biased transmitter output power step. Hence, taking the fixed bias of 0.2dB into account the performance can be evaluated with -8dB and -10dB offsets for the Cell 2 and Cell 3 DPCH Ec/Ior levels. The simulation results for the statistics of the UE output power behaviour with transmitter output power step of 0.8dB are presented in Table 3. The results for 1dB transmitter output power step from Table 2 are re-presented in Table 3 for easy comparison. The results show that decreasing of the output power step reduces the UE output power variation as expected. The output power variation with ‘OR-combining’ with both of the investigated offsets is still quite large, although in a case of -8dB offset the margin to acceptable behaviour (e.g. 90%) has decreased with larger window sizes.

Table 3. Effect of output power step variation (TPC.

	TPC command error rate [%]
	Percentage of the UE transmit power within the window [%]

	Offset
	Cell 1
	Cell 2
	Cell 3
	(TPC
	±5dB
	±8dB
	±10dB

	-8dB
	5
	25
	25
	0.8dB
	60.86
	74.40
	83.19

	
	
	
	
	1.0dB
	48.99
	67.21
	75.57

	-10dB
	5
	30
	30
	0.8dB
	6.53
	9.35
	12.36

	
	
	
	
	1.0dB
	4.64
	7.86
	10.11


These simulations assumed that all receivers would have exactly the same performance. However, an actual the Es/No level at which the UE achieves the DTCH quality target of 1% might vary slightly between different UEs even in AWGN conditions. Furthermore, there might be differences in the performance of the TPC command detection performance. Therefore the robustness of the selected offset to different UE performances needs to be investigated. 

Assuming that the worst-case variation of UE performance in AWGN conditions is below (1dB the different TPC command error rates can be calculated. Additionally due to a finite DL power raster DPCH Ec/Ior may differ from the exact level up to 1.0dB. Therefore an additional +2dB variation point is investigated. This is done only on the positive side as it is proposed that the DL Ec/Ior averaged in the initialisation phase is always rounded upwards. The effect of change in TPC command error rates at -8dB and -10dB offsets due to (1dB and +2dB biases is presented in Table 4. In the table the theoretical TPC command error rate is given for both of the offsets taking into account possible bias. For each ‘Cell TPC command error rate’ -combination the simulated UE transmit power behaviour is shown. A UE output power step size of 1dB is assumed in the results. It can be seen that with -10dB offset the test case always requires the UE to use some kind of a reliability metric to reject unreliable TPC commands for maintaining the output power close to the target level. With -8dB offset and +2dB DL Ec/Ior variation, combining all received TPC commands equally would result in acceptable performance with realistic window sizes.  Hence, offset of -10dB is proposed for Cell 2 and Cell 3 in the test 1.

Table 4. Effect of bias.

	TPC command error rate [%] with different biases
	Percentage of the UE transmit power within the window [%]

	Offset
	Variation
	Cell 1
	Cell 2
	Cell 3
	±5dB
	±8dB
	±10dB

	-8dB
	-1dB
	7.13
	27.39
	27.39
	11.89
	19.48
	24.52

	
	+1dB
	3.25
	22.46
	22.46
	77.36
	91.31
	95.36

	
	+2dB
	1.92
	19.79
	19.79
	90.66
	97.96
	99.24

	-10dB
	-1dB
	7.13
	32.01
	32.01
	2.14
	3.59
	4.58

	
	+1dB
	3.25
	27.81
	27.81
	21.63
	33.87
	41.22

	
	+2dB
	1.92
	25.46
	25.46
	57.02
	75.25
	83.82


3.2 Test 2

In this section we present simulation results for the proposed test case 2. This test proposal aims to verify that the UE actually uses both of the received TPC sequences for determining its output power. This is already partially covered by the existing test 2 defined in Section 8.7.2 of [2], where the reliability of both received TPC commands varies due to a multipath fading channel. In the presented test case proposal the TPC command sequences have constantly different reliabilities and therefore it can be more reliably verified that the UE does not only follow the strongest received TPC commands. It is proposed that in this test case the offset between the two cells would be sufficiently large in order to make Cell 2 TPC commands to appear significantly more reliable. An offset of +6dB is proposed here but an even larger offset could be used. One option is also to use the same offset as in test 1 e.g. +10dB. 

Figure 6 shows an example of the UE output power when TPC commands from both cells are taken into account and the TPC command error rate of Cell 2 is 0%. This shows an ideal performance when the TPC commands from both cells are taken into account. Thus ideally TPC commands from both cells are judged to be reliable, however a practical reliability estimation algorithm could make errors causing the UE output power to vary more.
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Figure 6. Two-way SHO scenario with TPC command error rates 5% and 0% for different cells.

4.  Text proposal to Section 8.7.

8.7.z
Combining of reliable TPC commands from radio links of different radio link sets
8.7.z.1
Minimum requirement
This test verifies that the UE follows the reliable TPC commands. 

Test parameters are specified in Table 8.2x. Before the tests start the UE transmit power shall be initialised to -15 dBm. An actual UE transmit power may vary from the target level of -15 dBm due to inaccurate UE output power step.

During tests 1 and 2 the UE transmit power samples, which are defined as the mean power over one timeslot, shall stay 90% of the time within the range defined in Table 8.2xy.

Table 8.2x: Parameters for reliable TPC command combining

	Parameter
	Unit
	Test 1
	Test 2

	Phase reference
	-
	P-CPICH

	DPCH_Ec/Ior1
	dB
	Note 1
	Note 1

	DPCH_Ec/Ior2
	dB
	DPCH_Ec/Ior1 - 10
	DPCH_Ec/Ior1 + 6

	DPCH_Ec/Ior3
	dB
	DPCH_Ec/Ior1 - 10
	-

	Îor1/Ioc
	dB
	-1
	-1

	Îor2/Ioc
	dB
	-1
	-1

	Îor3/Ioc
	dB
	-1
	-

	[image: image8.wmf]oc

I


	dBm/3.84 MHz
	-60

	Power-Control-Algorithm
	-
	Algorithm 1

	Cell 1 TPC commands 
	-
	Note 2
	Note 2

	Cell 2 TPC commands 
	-
	“1”
	“1”

	Cell 3 TPC commands
	-
	“1”
	-

	Information data Rate
	kbps
	12.2 

	Propagation condition
	-
	Static 

	Note 1:  The DPCH_Ec/Ior1 is set at the level corresponding to a DTCH target quality value of 0.01 through DL power control.

Note 2:  The downlink TPC commands of Cell1 are defined so that  the UE transmit power would stay at -15 dBm.


Table 8.2xy: Test requirements for reliable TPC command combining

	Parameter
	Unit
	Test 1
	Test 2

	UE output power
	dBm
	-15 ±[TBD]
	-15 ± [TBD]


5. Conclusion

In this document we have presented a proposal for a new TPC combining test case. The aim of the proposed test is to ensure that the UE evaluates the reliability of the received TPC commands so that undesired behaviour due to unreliable TPC commands can be avoided. The test verifies that in SHO the UE does not simply combine all received TPC commands but uses a proper metric for estimating the reliability of the TPC commands. The proposed test does not intend to tightly fix the levels at which received TPC commands should be considered reliable or unreliable. Instead we propose that the level which is considered reliable for TPC commands is defined based on the receiver performance of the UE. This ensures that the UE would also in practise be able to receive them reliably and more importantly the test would not discriminate a terminal performing better than the minimum requirements. The level for unreliable TPC commands was selected so that the output power of a the UE not having any proper estimation for TPC command reliability would vary from the desired target with a very high probability. Raising this level closer to the level of reliable TPC commands would not therefore make the test more demanding but would instead enable an UE using only straightforward ‘OR’-combining to pass the test. The level selected for unreliable TPC commands is also inline with the value used in the Section 6.4.4 of [2]. 

We would like to ask the guidance of RAN4 on how to proceed with the proposed test case and whether the proposal would solve the potential problems indicated in RAN4 meeting #28. Additionally we would like to hear whether the proposed test case is feasible for practical testing.

If RAN4 sees this test proposal as feasible, we propose that the work will be continued by identifying suitable test requirements. 
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