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1. Introduction

This paper raises the issue of power step sizes and transmit power level accuracy as a function of data rate changes, which has not yet been discussed in relation to Enhanced Uplink DCH. This issue should be taken into account both in the simulation assumptions for EDCH and in the concept performance evaluation when different TTI lengths are discussed.

2. transmit power level accuracy requirements in TS25.101

Chapter 6.5.3 in TS 25.101 contains following requirements for transmit power accuracy, when change of TFC occurs.

-------------------------------------- Copy paste from chapter 6.5.3 , TS 25.101-----------------------

6.5.3
Change of TFC

A change of TFC (Transport Format Combination) in uplink means that the power in the uplink varies according to the change in data rate. DTX, where the DPDCH is turned off, is a special case of variable data, which is used to minimise the interference between UE(s) by reducing the UE transmit power when voice, user or control information is not present.
6.5.3.1
Minimum requirement

A change of output power is required when the TFC, and thereby the data rate, is changed. The ratio of the amplitude between the DPDCH codes and the DPCCH code will vary. The power step due to a change in TFC shall be calculated in the UE so that the power transmitted on the DPCCH shall follow the inner loop power control. The step in total transmitted power (DPCCH + DPDCH) shall then be rounded to the closest integer dB value. A power step exactly half-way between two integer values shall be rounded to the closest integer of greater magnitude. The accuracy of the power step, given the step size, is specified in Table 6.8. The power change due to a change in TFC is defined as the relative power difference between the mean power of the original (reference) timeslot and the mean power of the target timeslot, not including the transient duration. The transient duration is from 25(s before the slot boundary to 25(s after the slot boundary.
Table 6.8: Transmitter power step tolerance

	Power step size (Up or down)

P [dB]
	Transmitter power step tolerance [dB]

	0
	+/- 0.5

	1
	+/- 0.5

	2
	+/- 1.0

	3
	+/- 1.5

	4 ( Δ P (10
	+/- 2.0

	11 ( Δ P (15
	+/- 3.0

	16 ( Δ P (20
	+/- 4.0

	21 ( Δ P
	+/- 6.0


-------------------------------------end of copy paste from 25.101----------------------------

3. DISCUSSION

Based on the text in the previous chapter, following issues could be noted:

· very big data rate changes are not sensible with any TTI length. The first reason for this is that big power step sizes in frequent manner will cause additional interference; this has been shown also in the studies for compressed mode. The other reason for this is that the larger the data rate change, the bigger the error in the output power during the change of TFC. The error in the output power affects in two ways. If too small power level is used, the service quality of this one user is degraded. If too big power level is used, it will cause interference to other users in the cell. This means not only that the service quality is degraded for the other users, but also that the closed loop power control of the other users will react by requesting higher power levels for their transmission. This might cause overload situation, or at least instability of the system.

· with smaller TTI length the power changes are bigger and thus also the power error is bigger than with longer TTI length. This is when assuming that the same amount of data is to be sent either with longer or shorter TTI. This assumption has been used in the delay reduction analysis with shorter TTI lengths, so the same assumption should be used here. Further, with smaller TTI length, the big power steps are likely to occur more often, since the packet transmission time intervals (activity periods) of different UEs can then accordingly be shorter. 
· power errors should be included in the system simulation assumptions and modeled in the system simulations when evaluating the performance of different EDCH concepts.
These issues are discussed in more detail in the below sections with some examples.
3.1 Example showing the effect of TFC change to power errors

Here we show an example what kind of power errors we could have with the typical data rates used at the beginning of a packet call. This is to understand better this in a realistic situation.

The initial bit rate is here selected to be 8 kbit/s. This means 80 bits per 10ms TTI. It could be assumed that the minimum set of TFCs, currently defined in RRC specification, could be around this level, which is the level that the UE can use autonomously, before requesting the increase of data rate from NodeB (or RNC). 8 kbit/s will thus allow e.g. sending RRC signaling autonomously.

Table 1 shows the power error in the last column for 10ms TTI, when the initial bit rate of 8 kbit/s is increased suddenly to 16, 32, 64, 128, 384, 768, or 1536 kbit/s. The power step size is draftly estimated as a function of the required SF. No accurate performance results were used for this.

It could be draftly concluded that the power steps should probably not be at least larger than stepping from 8kbit/s to 384kbit/s at one hop, otherwise the power error starts to be very big. This is shown as case 5 in the table, which leads to error of +/- 3.0 dB. For 2 ms TTI this would mean accordingly that initially there is 80/5=16 bits per TTI and after TFC change there is 3840/5 = 760 bits per 2 ms. It might make sense to have even smaller data rate step sizes than that, to avoid large interference peaks. This table is just shown as an example, mainly to help to understand the issue. 

Table 1. Transmit power errors for different levels of data rate changes with 10ms TTI.
	Case
	Parameters 

before TFC change
	Parameters 

after TFC change
	Power step size [dB]
	Transmitter power step tolerance [dB]

	
	Info bits per TTI initially [bits]
	Initial SF
	Multi-

codes
	Info bits per TTI after TFC change [bits]
	New SF
	Multi-codes
	
	

	1
	80
	128
	1
	160
	64
	1
	3 dB
	+/- 1.5

	2
	80
	128
	1
	320
	32
	1
	6 dB
	+/- 2.0

	3
	80
	128
	1
	640
	16
	1
	9 dB
	+/- 2.0

	4
	80
	128
	1
	1280
	8
	1
	12 dB
	+/- 3.0

	5
	80
	128
	1
	3840
	4
	1
	15 dB
	+/- 3.0

	6
	80
	128
	1
	7680
	4
	1
	18 dB
	+/- 4.0

	7
	80
	128
	1
	7680
	4
	2
	21 dB
	+/- 6.0


3.2 The effect of TTI length to power changes and power errors

The effect of TTI length to power changes and power errors can be analysed by looking at what kind of data rate is needed to send certain size of a packet in one TTI. 

The smallest packet size that typically exists, contains only TCP/IP ack/nack and contains 40 bytes. Table 2 shows that the data rate change is quite different, depending on whether 2 ms TTI or 10 ms TTI is used. With 2 ms TTI the power step size is very large, 12 dB, while with 10 ms TTI it is only 6 dB. Also the transmit power error is bigger with 2 ms TTI than with 10 ms TTI. With bigger payloads there could be even bigger effect from 2ms TTI compared to 10ms TTI.

Table 2. Comparison of 2ms TTI and 10ms TTI for TCP ack. Assumption is that initial bitrate is 8kbit/s in both cases.
	TTI length
	Initial SF
	New SF after TFC change
	Power step size [dB]
	Transmitter power step tolerance [dB]

	10 ms 
	128
	32
	6 dB
	+/- 2.0

	2 ms
	128
	8
	12 dB
	+/- 3.0


The main benefit from 2 ms TTI has been claimed to be the clear reduction in the delay. There is not yet consensus whether there is any delay reduction in any situation. What ever is the later conclusion of that discussion, it should be anyway understood that any clear delay reduction would require that the network allows the UE to use suddenly a 12 dB transmit power increase compared to earlier used power level. This kind of big increase of transmit power level might cause instability of the system, since it will create sudden interference to the other users in the same cell and neighboring cells. Then the closed loop power control is reacting by increasing the transmit power immediately after this also for the other users, so that several users are increasing the transmit power at the same time. The same phenomenon has been noticed in the earlier studies made for compressed mode, which have showed clearly increased interference due to that, if compressed mode is in very extensive usage. Thus the interference in the uplink is in overall increased.

In addition to the interference, it should be discussed what are the implicit assumptions on the packet scheduling when discussing the delay benefits from 2 ms TTI, and whether these assumptions are acceptable. In most of the delay benefit discussions, the conclusion has been that the biggest delay reduction from 2 ms TTI is obtained for very small packets like TCP ack/nacks of 40 bytes. This implies that the packet scheduling mechanism in the network side means very fast scheduling, where the scheduler is able to schedule the uplink resources for different users every 2 ms. However, utilizing 2 ms cycle in scheduling means quite a lot of L1 signaling overhead in downlink. Also it implicitly means that the big power steps will occur in a frequent manner, leading to the concerns of increased interference in uplink already described in the previous paragraph.

The last comment here is that there is probably not full coverage in the cell for sending with SF=8 in the whole cell area, which would be needed in case of 2 ms TTI. 

4. Conclusion

In this paper we have raised the issue of power errors due to big power steps involved in big data rate changes. This issue should be considered carefully in all the concepts studied for E-DCH. Especially it should be noted that shorter TTI lengths will mean bigger power steps and bigger power errors than 10 ms TTI. These will increase interference in uplink.

This also contains a text proposal for TR, for the system simulation section, where we propose to include the power error modeling in the system level parameters section.
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A.3.1.2
System Level Parameters 

Table A-7 below shows the general system level parameters, to be used both in the reference case, and in the new schemes proposed for Enhanced Uplink DCH. Table A-8 shows the system level parameters to be used in the reference case.

Table A - 7 – General System Level Simulation Parameters

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	

	Site to Site distance
	2800 m 

1000 m
	

	Antenna pattern
	0 degree horizontal azimuth is East

70 degree (-3dB), 20dB front-to-back ratio
	Only horizontal pattern specified

See Section 3.1.1. 

	Propagation model
	L = 128.1 + 37.6 Log10(R)  (see [6])
	R in kilometres 

	Downlink CPICH power
	-10 dB
	Relative to the maximum power

	Other downlink common channels
	-10 dB
	Relative to the maximum power

	Slow fading
	Similar to UMTS 30.03, B 1.4.1.4 
	

	Std. deviation of slow fading
	8.0 dB 
	Log-Normal Shadowing

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	See Annex B

	Correlation distance of slow fading
	50 m   
	See D,4 in UMTS 30.03.

	Carrier frequency
	2000 MHz
	

	Node B antenna gain plus Cable Loss
	14 dBi
	

	Node B RX diversity 
	Uncorrelated 2-antenna RX diversity
	Maximal ratio combining

	UE antenna gain
	0 dBi
	

	Maximum UE EIRP
	21 dBm
	Also 24 dBm can be simulated additionally, however 21 dBm should be the main case.

	BS total Tx power
	43 dBm
	

	Active set size
	Up to 3
	Maximum size

	Uplink system noise
	 –102.9 dBm
	

	Specify Fast Fading model
	Jakes spectrum where Doppler based on speed.
	Generated e.g. by Jakes or by Filter approach 

	Soft Handover Parameters
	Window_add = 4 dB, 

Window_drop = 6 dB
	Window_add: The signal from a BS has to be at highest this amount smaller than the current active set’s best BS’s signal for a BS to be added in the active set. 

Window_drop: When the signal from a BS has dropped below the active set’s best BS’s signal minus this parameter, the BS will be dropped from the active set.


	Uplink Power Control
	Closed-loop power control delay: one slot 
	Power control feedback: BER = 4% for a Node-B - UE pair. 

	Short term average Rise over Thermal (Uplink Received Power Normalized by Thermal Noise Level)
	x  dB 

	The percentage of time the short term average rise over thermal is above the x dB target should not exceed 1%. Short term average Rise over thermal for the default two receiving antenna mode is the result of filtering the instantaneous rise ½[(Io1+No)/No + (Io2 + No)/No] with the filter described in Annex C, where the total received signal power at antenna i is defined as Ioi, I=1,2.

	Delays between network elements.
	Document [7] is resource and starting point for delay information between different network elements for release 5.
	

	Transmit power error due to TFC change 
	The error is within transmitter power step tolerance [dB] with 90 % certainty, as defined in table 6.8 in TS25.101 . See below the extracted values from TS25.101.
	The error is lognormally distributed around zero mean with std = sigma [dB], as defined below.

	
	Power step size (up or down) Δ P[dB] 
	Transmitter power step tolerance [dB]
	Sigma [dB]

	
	0
	+/- 0.5
	    0.3040

	
	1
	+/- 0.5
	    0.3040

	
	2
	+/- 1.0
	    0.6080

	
	3
	+/- 1.5
	    0.9119

	
	4 ( Δ P (10
	+/- 2.0
	    1.2159

	
	11 ( Δ P (15
	+/- 3.0
	    1.8239

	
	16 ( Δ P (20
	+/- 4.0
	    2.4318

	
	21 ( Δ P
	+/- 6.0
	    3.6477


------------------------------text proposal to TR25.896 , section A.3.1.2 stops here --------------------------------------







