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1. Introduction and Background

In RAN4#28 it was shown by the system level simulation results [1] that the existing TPC combining test case specified in [2] is not good enough. In response to this document the work was initiated to improve the existing test case. A new test proposal [3] was presented in RAN4#29 meeting in San Diego. Some additional simulation results [4] and R99 CR [5] were also presented in the same meeting. The CR was not agreed however it was decided in RAN#22 that RAN4 should provide the R99 CR and close this issue. 

Irrespective of the outcome of the previous RAN4 meeting on this issue, RAN4 has acknowledged the fact that TPC combining in soft handover is an important matter and should be properly specified in the specification. Thus, since RAN4#29 meeting the TPC combining issue is being discussed offline on limited email reflector. During these offline discussions several important issues have been raised, which we believe should be taken into account before agreeing on the new test case. These issues are summarized in this document. Furthermore, this document also proposes an improved version of the test case, which incorporates those aspects.

2. Issues in RAN4#29 Test Proposal

The test proposal has been extensively discussed, which in turn has also provided more insight into the subject in general and better understanding of the test proposal in particular. The issues that have been raised are summarized below.

2.1. Initialisation

In the earlier proposed test [3][4] certain TPC command error ratio (~5%) is to be maintained on a reliable link, which is achieved by setting 1% DPCH block error ratio target. However, in practice different UE receivers would give different TPC error ratio figures at the same 1% BLER target. Thus later it was not considered feasible to link the BLER target with the TPC command error ratio. Hence, there have been three proposals to set the TPC error ratio without considering the BLER target. 

2.1.1 Fixed Ec/Ior Based

One proposal from Motorola is to use fix transmitted DPCH Ec/Ior level to achieve certain TPC error ratio. Although this makes the initialisation process much simpler but still does not guarantee that different UE receivers would provide the same TPC error ratio. 

2.1.2 Based on UE Power Variation

Another approach that was initially proposed by Qualcomm is to use the UE output power variation to set the TPC error ratio. Since TPC step size involves some inaccuracies (varies between 0.5 dB and 1.5 dB) thus the UE output power would also vary due to the variation in the TPC step size. Probable solution is to include some additional variation to account for the TPC step size uncertainty. 

Some simulation was done to estimate the UE output power range for 5% TPC error by considering the worst possible PC step, i.e. 1.5 dB. Results in figure 1 show that for 90% case the power variation is about +/-3 dB around the power level of -15 dBm. As this was also discussed offline that this would also mean larger power variation when the TPC step size is smaller (e.g. 0.5 dB). Due to the limitations of both proposals no final agreement has been reached on this issue.
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Figure 1. Distribution of the UE output power variation at 5% TPC error rate with maximum PC step size

2.1.3 Based on UE Power Transition

As proposed by Qualcomm that instead of measuring the output power variations, the test equipment observes the exact pattern of the power control steps generated by the UE and compares them with the TPC pattern transmitted by cell 1. The averaging is done over some period to estimate the TPC error rate. The transmit power level from cell 1 is then adjusted (increased or decreased) so as to achieve 5% TPC error rate. However, it’s not clear how long the averaging should be done to get a reasonable figure. In general this scheme seems to be much more accurate in terms setting the desired 5% TPC error rate. However, still some comments on this method from the test equipment manufacturers are most welcome.

2.2. Synchronization of New Radio Links

It is important to ensure that the new radio links are properly synchronised particularly when some of them are significantly weaker in terms of transmit power. This aspect of synchronisation is not addressed by the proposed test case, which is discussed below in more detail. 

In test#1 the DPCH Ec/Ior levels from cell 2 and cell 3 are 8 or 10 dB below cell 1 DPCH Ec/Ior. The current test proposal does not fulfill any synchronisation criterion of the new soft handover links from cell 2 and cell 3, which are to be activated during the test. This synchronization issue has not been discussed in any of the previous contributions [1][3-5]. The underlying assumption is that the synchronisation issue is tackled by other RAN4 test(s). However, the current RAN4 test specification does not adequately address the synchronisation of soft handover links. An FDD/FDD soft handover test case [6] assumes the same power levels on both links used in soft handover. Furthermore, in this test there is no combining of TPC commands. In other words there is no test in the specification that could guarantee that the radio links with unequal transmit power levels are synchronised within the delay according to section 5.1.2.2 in [6]. 

The overall consequence is that to pass both tests the UE does not have to check any TPC reliability nor it has to implement any TPC combining algorithm. This point is elaborated further. Prior to the start of the test, the UE output power will be at a certain level (-15 dBm ± x). During test 1 DPCH_Ec/Ior of cell 2 and cell 3 are activated and the new links are expected to synchronise. Since the TPC commands from cell 2 and cell 3 are considered unreliable the UE output power will be the same during the test. But as decided in earlier discussions that larger power variation is permissible due to the occasional combining of TPC commands from cell 2 and cell 3, and due to this reason the UE power shall be -15 dBm ± y, where x < y. Now assume the UE does not consider any TPC command from any of the new links (cell 2 and cell 3). The UE output power would stay at the level as it was before the test (-15 dBm ± x), thus allowing UE to pass the test. The same UE that does not synchronise any new link can also pass test 2 since the UE output power is purely driven by the TPC sequence from cell 1. 
The proposed test in some sense would specify the lowest possible DPCH Ec/Ior level, which could be synchronised in soft handover. But due to lack of proper testing, in practice it cannot be guaranteed that the UE really synchronises at such a low DPCH Ec/Ior level when in soft handover. Thus our suggestion is to include the synchronisation aspect in the test or to specify another test that could ensure the synchronization of radio links at different power levels. 

3. Improved Test Proposal

This section provides a concrete proposal of an improved version of RAN4#29 test proposal. The test proposal is given in Annex A. The new items modified or added are summarized below:

3.1. Initialisation

The third solution of setting the TPC error rate based on the transition of the UE output power (section 2.1.3) seems most promising. However, in the proposal the option is still open as it is quite important to have some comments from the test equipment manufacturers about the practicability of this initialisation scheme.  

3.2. Test Time 

In the previous proposal there was no consideration of test time. Since new radio links are added during the tests therefore time periods T1 and T2 are added in all the tests to ensure that the UE incorporates the new links within the specified time. Time period T1 is the active set update delay provided in 5.1.2.2 in [6], during which the UE should be able to synchronise the new links. The measurements to verify the test requirements are done during time period T2. If synchronisation is properly achieved then the desired UE power level should be visible during time period T2. Hence, the UE power levels during time T1 are of less importance. Also, a good UE could synchronise the new links earlier than time T1. Hence it’s not considered appropriate to define power levels during T1.

3.3. Test Requirements in Test 1

As occasional combining of the unreliable commands from cell 2 and cell 3 could still occur, which would result in more power down events. This is something also discussed on the email reflector and most of us were in favour of allowing more variation below -15 dBm level. We propose an asymmetric UE output power variation (-15 dBm -6/+3) as the test requirements in test 1. This proposed variation would be the acceptable limit from the radio network perspective. This means larger range would allow more frequent combining of the TPC commands leading to unacceptable received signal quality at the base station as discussed in [1].

3.4. Test Requirements in Test 2

In the initialisation phase the TPC error of the commands from cell 1 is maintained at around 5% and the corresponding UE power variation is proposed as -15 dBm ± 3. This level of variation corresponds to the maximum uncertainty of the power control step i.e. 1.5 dB as explained in figure 1. 

3.5. Test 3: Synchronisation 

A third test is added to ensure that the UE is able to synchronise relatively weaker links within the active set update delay. There are 3 cells in the test. Cell 1 is initialised as in tests 1 and 2, whereas cell 2 and cell 3 transmit only sequence of ‘0’. Furthermore, the DPCH Ec/Ior level of cell 2 and cell 3 is 6 dB below cell 1. This offset of -6 dB according to [3] gives approximately 20% TPC error. At this level the UE should consider these commands as ‘reliable’. Hence the UE is required to combine the commands from cell 1, cell 2 and cell 3. Due to the continuous transmission of ‘0’ from cell 2 and cell 3, the UE output power should continuously go down. But due to some errors on the commands from cell 2 and cell 3 the UE power does not consistently operates at its minimum power level (-50 dBm) rather it should remain close to the minimum level. 

Time period T1 is 100 ms, which includes 70 ms for the synchronisation of the new links and 30 ms for the UE power to go down to its minimum level. T2 is taken to be 1 second, during which sufficient down commands are generated to ensure the UE power goes down despite occasional up commands from cell 2 and cell 3 due to errors. The time slot samples of the UE power are measured during T2 to plot the distribution. The difference between the 95th percentile and the 5th percentile of the UE transmit power should be less than certain value. Figure 2 shows the UE output power variation during time period T2 in test 3 assuming the worst possible power control step, i.e. 1.5 dB. The figure shows that most of the time UE power remains at -50 dBm level. However, at times the power increases by one step due to the errors in the TPC commands from cell 2 and cell 3. The maximum output power increase is 3 dB. Based on these results it is proposed that the difference between the 95th and 5th percentiles of UE transmit power should not be more than 3 dB during the test time T2.
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Figure 2. UE output power during time T2 in test 3 (PC step size =1.5 dB)

In case the commands from cell 2 and cell 3 are not combined the UE will fail the test since its transmit power will be more than 3 dB above the minimum power level. Instead of absolute measurement the relative power difference approach is used because the inaccuracy of the minimum absolute UE power would require special calibration making the test more complicated.

4. Conclusions

This contribution has addressed some important issues that need to be considered in order to improve the TPC combining test proposal. These issues are related to the initialisation process of the test, testing time and the synchronisation of the new radio links in soft handover. The synchronisation of the weak radio links and also with unequal power is not currently tested in RAN4. Thus, a UE can easily pass the proposed tests without implementing any TPC combining algorithm. It’s therefore proposed to include a third test, which guarantees that UE synchronises a new radio link in soft handover. This in turn would make the tests 1 and 2 more meaningful. Furthermore, test time has also been introduced in all the tests to ensure that synchronisation of the new links is achieved in the specified time. A R99 CR shall be presented during RAN4#30 based on the proposed test in the Annex of this contribution.
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Annex A

8.7.z
Combining of reliable TPC commands from radio links of different radio link sets
8.7.z.1
Test Purpose and Parameters

This test verifies that the UE follows the reliable TPC commands. 

Test parameters are specified in Table 8.2x. Before the start of the tests, 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 the test the downlink power control is deactivated. The uplink power control is maintained from cell 1 during the test.

Table 8.2x: Parameters for reliable TPC command combining

	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Comments

	Phase reference
	-
	P-CPICH
	

	DPCH_Ec/Ior1
	dB
	Note 1
	Note 1
	Note 1
	

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

	DPCH_Ec/Ior3
	dB
	DPCH_Ec/Ior1-10
	N/A
	N/A
	

	Îor1/Ioc
	dB
	-1
	-1
	-1
	

	Îor2/Ioc
	dB
	-1
	-1
	-1
	

	Îor3/Ioc
	dB
	-1
	N/A
	-1
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	dBm/3.84 MHz
	-60
	

	Power-Control-Algorithm
	-
	Algorithm 1
	

	Cell 1 TPC commands 
	-
	Note 2
	Note 2
	Note 2
	

	Cell 2 TPC commands 
	-
	“1”
	“1”
	“0”
	

	Cell 3 TPC commands
	-
	“1”
	N/A
	“0”
	

	Information data Rate
	kbps
	12.2 
	

	Propagation condition
	-
	Static 
	

	T1
	ms
	70
	60
	100
	As specified in TS 25.133, sec. 5.1.2.2 

	T2
	sec
	1
	1
	1
	

	Note 1:  The DPCH_Ec/Ior1 is set at the level such that 5% TPC error is achieved.

Note 2:  The uplink TPC commands from cell1 are transmitted so that the UE transmit power would stay at -15 dBm.


8.7.z.2
Test Procedure

1) The tests start at the beginning of time period T1. 
2) In test 1 the DPCH_Ec/Ior of cell 2 and cell 3 are activated at the beginning of time period T1. 
3) In tests 2 and 3 the DPCH_Ec/Ior of cell 2 is activated at the beginning of time period T1. 
8.7.z.3
Test Requirements

Table 8.2xy: Test requirements for reliable TPC command combining

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	
	
	T1
	T2
	T1
	T2
	T1
	T2

	UE output power
	dBm
	N/A
	-15 dBm -6/+3
	N/A
	-15 dBm ±3
	N/A
	Note 3

	Note 3: The difference between the 95th and 5th percentiles of the UE transmit power should not be more than 3 dB during time period T2. 


1) In tests 1 and 2 the measured UE output power, which is the mean power per timeslot, shall be within the range specified in table 8.2xy during time period T2.
2) In test 3, during time period T2 the UE output power shall continuously go down due to the TPC commands from cell 2 and cell 3. However, the UE output power may not stay at its minimum power level (-50 dBm) due to errors in the TPC commands from cell 2 and cell 3.
The rate of correct events observed during repeated tests shall be at least 90%.
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