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1. Introduction and Background

In RAN4#28 it was discussed in the document [1] that some services require low BLER target. However, the corresponding performance requirements are currently missing in the specification [2]. Since the UE is not tested for services requiring higher QoS than specified hence in real scenarios the UE may not be able to handle these services.  One very good example is that of real time video whose QoS requirement in terms of the BLER is 0.25% and the most commonly used data rate is 64 kbps. Hence, this paper proposes downlink power control related requirements for the UDI 64. The system impact of not having these requirements is also shown through system level results. 

2. Discussion

To maintain adequate quality at the receiver certain transport level BLER target needs to be maintained, the actual BLER target is set by the RRC signalling [3]. The UE specification [2] does not provide performance requirement for services requiring BLER target lower than 1%. Though in practice real time multimedia services like real time video may require very low BLER target (<1%) to guarantee an acceptable signal quality. Indeed, the end-to-end QoS requirements for real time video in terms of frame error ratio (FER) should be below 1% [4]. Presently this service is gaining popularity among consumers and thus becoming an important source of revenue for operators, network manufacturers and UE vendors. In real network a BLER target of approximately 0.25% is considered appropriate for the video. The most typical channel used for the real time video is 64 kbps. However, in the present specification [2] there are no requirements at all for such service (64 UDI at 0.25% BLER target). The UE has the liberty to choose an initial SIR target. This means without appropriate testing there is a risk that UE may choose too high SIR target thus drawing too much power from the base station. This impact is described below in section 2.1.  

2.1. Impact of High Initial SIR Target

If the UE sets too high SIR target, it will take longer for the SIR target to converge at an appropriate level. At low BLER target the convergence is already slower since there are fewer transport block errors. Due to the long convergence time the unnecessary high downlink power causes interference to other users. In general during the initial phase of the call set up the initial SIR target causes large variation in the base station output power. The effect is even more pronounced if several calls are set up at the same time. From radio resource management perspective this could result in blocking and dropping of the calls, thus severely degrading the grade of service. Furthermore, this would also lead to intense congestion actions in the RNC requiring unnecessary signalling flow over the radio access network interfaces. It is quite difficult to alleviate such problem just through the management of the radio resources. 

In order to mimic this behaviour system level simulation is carried out for UDI 64 kbps service using 0.1% BLER target. The user speed is 3 km/hr and the channel model is 3GPP-TU. The physical layer model includes path searching, channel estimation, rake combining, etc. The results for difference initial SIR targets are shown in figure 1. The figure shows that high initial SIR target causes large fluctuations in downlink carrier power. 
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Figure 1. Impact of setting high initial SIR target on the base station output power

2.2. Simulation Results on Initial Convergence  

As shown in the previous section that it is important that the UE sets correct initial SIR target to prevent unnecessary variation in the base station power. This can be assured by testing that the downlink power control convergences during the initial connection set up of the call. Section 8.8.2 [2] specifies such requirements for speech and 64 kbps radio bearers. The requirements for the latter service are specified for 1% and 10% BLER target. 

As stated before the real time video using 64 kbps data rate channel uses approximately 0.25% BLER target but no such requirements are specified. Some simulation results on the initial convergence (tests 5 and 6) for the video service (64 kbps at 0.25% BLER) are provided in Annex A. The simulation assumptions are the same as for the earlier requirements given in section 8.8.2 [2]. 

  Table 1: Simulation parameters for downlink power control
	Parameter
	Unit
	Test 5
	Test 6

	Target quality value on DTCH
	BLER
	0.025
	0.025

	Initial DPCH_Ec/Ior
	dB
	-3
	-22.8

	Information Data Rate
	kbps
	64
	64
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	dBm/3.84 MHz
	-60

	Propagation condition
	
	Static

	Maximum_DL_Power
	dB
	7

	Minimum_DL_Power
	dB
	-18

	DL Power Control step size, TPC
	dB
	1


The results in appendix A show the distributions of the downlink DPCH Ec/Ior for test 5 and test 6 during the first 0.5 s (T1) and the next consecutive 0.5 s (T2). The difference between test 5 and test 6 is that different initial DPCH Ec/Ior levels are used as shown in table 1. The results show that for 90% of the cases the DPCH Ec/Ior variation is around 3 dB and 2.5 dB during the first 0.5 s and the second 0.5 s respectively. The long-term average of the DPCH Ec/Ior is -12.8 dB. Similar results are also given in Appendix B for the existing test 3 and test 4, which are already specified. The same simulation parameters are used as defined in table 1, except that the BLER is 1% instead of 0.25%. In these tests (3 and 4) the DPCH Ec/Ior shows the variation of 3 dB and approximately 2.5 dB during T1 and T2 respectively. However, the long term DPCH Ec/Ior average is -13.9 dB.    

3. Proposal for Initial Convergence Requirements

As discussed in the previous section that test 5 and test 6 show the same variations of the DPCH Ec/Ior level compared to test 3 and test 4 respectively during the time periods T1 and T2. However, the long-term average DPCH Ec/Ior in case of test 5 and test 6 is about 1 dB more than in test 3 and test 4. Based on this argument we propose that the requirements for test 5 and test 6 should have the same variation as in test 3 and test 4 but they should be shifted by about 1 dB. Thus during T1 the DPCH Ec/Ior level should remain between -14.1 and -7.1 dB. Similarly during T2 the DPCH Ec/Ior level should remain between -14.1 and -10.1 dB. The complete proposal is given in Annex C.

4. Conclusions

This paper shows that inappropriate setting of SIR target in the UE for the power control causes large fluctuations in the base station output power during the initial phase of the power control. This behaviour however can be avoided by testing initial convergence of the power control in the downlink for the given service. Currently such requirements are missing for UDI 64 channel using 0.25% BLER target. However, this type of service is important from user as well as operator’s point of view. Therefore, this document proposes that the corresponding requirements should be included in the specification (Release 6), as they already exist for other services such as speech.
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Annex A

Initial Convergence (64 kbps, 0.25% BLER)
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Annex B

Initial Convergence (64 kbps, 1% BLER)
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Annex C

8.8.2
Power control in the downlink, initial convergence

This requirement verifies that DL power control works properly during the first seconds after DPCH connection is established.

8.8.2.1
Minimum requirements

For the parameters specified in Table 8.31 the downlink DPCH_Ec/Ior power ratio measured values, which are averaged over 50 ms, shall be within the range specified in Table 8.32 more than 90% of the time. T1 equals to 500 ms and it starts 10 ms after the DPDCH physical channel is considered established and the first uplink frame is transmitted. T2 equals to 500 ms and it starts when T1 has expired. Power control is ON during the test.

The first 10 ms shall not be used for averaging, ie the first sample to be input to the averaging filter is at the beginning of T1. The averaging shall be performed with a sliding rectangular window averaging filter. The window size of the averaging filter is linearly increased from 0 up to 50 ms during the first 50 ms of T1, and then kept equal to 50ms.

Table 8.31: Test parameters for downlink power control
	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4
	Test 5
	Test 6

	Target quality value on DTCH
	BLER
	0.01
	0.01
	0.1
	0.1
	0.025
	0.025

	Initial DPCH_Ec/Ior
	dB
	-5.9
	-25.9
	-3
	-22.8
	-3
	-22.8

	Information Data Rate
	kbps
	12.2
	12.2
	64
	64
	64
	64
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	dBm/3.84 MHz
	-60

	Propagation condition
	
	Static

	Maximum_DL_Power
	dB
	7

	Minimum_DL_Power
	dB
	-18

	DL Power Control step size, TPC
	dB
	1

	Limited Power Increase
	-
	"Not used"


Table 8.32: Requirements in downlink power control

	Parameter
	Unit
	Test 1 and Test 2
	Test 3 and Test 4
	Test 5 and Test 6
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