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1. Introduction

In last RAN 4 meeting  (#24), a lack of information in TS 25.133 specification concerning inter-frequency compressed mode pattern definition was underlined (section 8.1.2.3) , as TGPL values in table 8.1 are not defined. Based on simulation results, this document gives proposals  for the choice of compressed mode patterns, which should allow to fulfil general requirements of 8.1.2.3 for realistic propagation conditions. This contribution extends the discussion raised in [5], [9], [7] and [8].

2. Working assumptions and presentation of NEC analysis

2.1. Assumptions summary

We are first summarizing working assumptions in this sub-section. More detailed explanations can be found in the sequel of section 2.

· Studied scenarios : mono-path fading channel, AWGN channel;

· UE speed : 3, 25, 50, 120 and 250 km/h;

· A typical timing drift value, relevant for 90% of the cases, is considered (see 2.3);

· We assume that there is one cell in the UE radio environment so there is no delay nor additional timing drift between successive cell search steps (apart from delays due to gaps);

· The global performance criterion detection probability is the probability of success of cell identification. A cell is considered as detectable when detection probability is at least of 0.9 (see 2.2) at SCH_Ec/Io = -17 dB;

· An implementation margin of 1.5 dB is taken into account (AGC, Nyquist filtering).

2.2. General assumptions

Let us remain that cell search step 1 is slot synchronization, step 2 is frame synchronization and scrambling code group identification and step 3 is scrambling code identification.
The results presented in this document are focusing on inter-frequency cell identification.
Most of this study uses step 1 simulation results and is single step based : it was noticed that simulation gives similar detection probability results for step 1 and 2 when the averaging depth is equivalent. Step 3 is not really affected by timing drift. This is due to the fact that the averaging length to reach good detection performances is much less important than for the other steps.

The global performance criterion detection probability is the probability of success of cell identification and can be written as see [7] :


[image: image1.wmf]3

2

1

Pd

Pd

Pd

Pd

´

´

=


Where Pdi is the detection probability of cell search step i (i = 1, 2, 3).

In this document, we assume that a cell is detectable when Pd = 0.9. So, our single step analysis consists in studying the effect of timing drift for one considered step. For Pd3 = 1 (easily  reachable), we need Pd1 = Pd2 = 0.95 to have Pd = 0.9. Note that in TS 25.133 [2], a cell shall be considered as detectable for SCH_Ec/Io > -17 dB. 

2.3. Timing drift

During inter-frequency measurements, the handset experiences differential Doppler frequency shift between the serving cell and the cell to be measured. Thus, in the worst case (the 2 cells and the handset are aligned and the handset is moving between the 2 cells), the relative frequency offset of the handset is given by :
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(eq. 1)

f0 is the carrier frequency of the serving cell

(UE is the maximum frequency synchronization accuracy of the handset : (UE = 0.1 ppm

(nodeB is the maximum relative frequency accuracy of nodes B : (nodeB = 2 * 0.05 ppm

(Doppler is the maximum (worst case, mentioned above) Doppler frequency  : (Doppler = (2v/()/f0 = 2v/c

We are considering here the worst case, for which (UE and (nodeB remain constant during the measurement interval.

So, for inter-frequency in the worst case, a timing drift (( is experienced after a time (t given by :
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             (eq. 2)

As suggested by [1] (Annex B), we consider 250 km/h as the maximum speed value through this document.

We are considering in the sequel a typical timing drift value. The actual timing drift value is the summation of independent stochastic processes which lead to the conclusion that (( can be assimilated to a Gaussian process. Its standard deviation is taken as the typical timing drift value ((typical. The real value of (( is then 90 % of the time below ((typical.
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   (eq. 3)

As a summary on timing drift assumption, the typical timing drift value ((typical is used in our analysis. 

2.4. Presentation of NEC analysis

For our study, we considered that cell search steps could support timing drift effect for a shift less or equal than half a chip. Indeed when partial correlation profiles are accumulated from one gap to the other, with a shift of half a chip, power of correlation peaks is still accumulated.

The goal of the analysis is to find the minimum acceptable gap density value when in presence of timing drift. This will results in the definition of maximum values for TGPL parameter. It is recommended by NEC to add these requirements in TS 25.133 specification [2].

The different stages of the analysis are summarized below :

[stage 1] Definition of the averaging depth for CSR steps without timing drift in order to fulfill intra-frequency cell identification requirements in normal mode (see section 2.5)

[stage 2] Analytical approach leading to expressions giving the maximum TGPL acceptable value in presence of timing drift (see section 3.2)

[stage 3] For different propagation scenarios and compressed mode patterns, calculation of the maximum TGPL values (and their corresponding minimum gap density) to limit timing drift effect on detection performances

[stage 4] Simulation are launched in order to confirm results of stage 3 (see section 3.3)

[stage 5] Results from previous stages are used to propose  an update of TS 25.133 specification (see section 4)

2.5. Averaging depths for successful cell identification

Static and dynamic propagation channels are considered in this study. The averaging depth (Teff) for step 1 and step 2 processing (see Table 1) are defined in order to get a detection probability of 0.95 for the considered step at SCH_Ec/Io = -18.5 dB (-17-1.5 = -18.5 dB, taking into account an implementation margin of 1.5 dB). Teff is defined using simulation results in normal mode. It means that timing diversity introduced by compressed mode (which leads to performance improvements) is not taken into account.

Table 1 also presents the time Thalf-chip after which a shift of half a chip can be observed on the received signal (eq. 3). The last contribution of NEC on cell identification [7] presented a similar table.
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Figure 1 : step 1 simulation results for intra-frequency case
Figure 1 give some simulation results for step 1. Those were used to define Teff for different propagation scenarios.
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Figure 2 : step 2 simulation results for intra-frequency case

Figure 2 gives simulation results with different values of averaging depth for step 2. It shows that averaging depths are very close from those obtained by step 1.
	
	Teff
(Pd=0.95 for 

SCH_Ec/Io = -17 dB)
	Teff with an implementation margin of 1.5 dB

(Pd=0.95 for 

SCH_Ec/Io = -18.5 dB)
	Thalf-chip

	V= 3 km/h
	150 slots
	175 slots
	1.06 s

	V = 25 km/h
	70 slots
	90 slots
	1.03 s

	V = 50 km/h
	40 slots
	55 slots
	0.93 s

	V= 120 km/h
	35 slots
	45 slots
	0.65 s

	V= 250 km/h
	30 slots
	35 slots
	0.37 s

	AWGN
	15 slots
	20 sots
	1.06 s


Table 1 : averaging depth for the studied scenarios
2.6. Algorithms definitions

The assumptions related to the cell search steps 1 and 2 are identical to those described in [5].

The scrambling code identification (step 3) is performed such as :

Correlation with P-CPICH on a 256 chips symbol  basis

Non coherent accumulation of the correlation norms over a number of P-CPICH symbols

Each step is performed in a basic way, without using coherent processing, adaptive methods or a priori information sent by the network. For each step, the detection is done by seeking the maximum and not by using thresholds. 
3. Requirement on compressed mode pattern parameters

3.1. Gap density concept

The concept of gap density was defined in [5]. It is defined as the ratio of the available time for inter-frequency measurements and the total measurement time.
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With (see [2], section 8.1.2.3.) :

TMeasurement_Period inter with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by using the actual idle length within the transmission gap as given in the table 11 of Annex B in TS 25.212 and by assuming 2*0.5 ms for implementation margin and after that taking only full slots into account in the calculation
TInter: This is the minimum time that is available for inter frequency measurements , during the period
Using compressed mode pattern parameters, it gives :

when TGD = 0 :
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         (eq. 4)

when TGD ( 0 :
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(eq. 5)
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Tslots is the time slot period (6.66e-4 s)

3.2. Computation of the maximum TGPL value for a given propagation scenario

Maximum TGPL values are computed in order to have a timing drift less or equal to half a chip during a step 1 or step 2 processing [5, Siemens; [7], NEC].  Actually, we consider it is difficult to mitigate the performances  degradations due to timing drift inside a cell search step, but it should be possible to face a timing drift of half a chip when switching from one step to the following.

3.2.1. Cases with TGD = 0

In order to have a timing drift less or equal to half a chip, the following expression [7] must be hold :
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                (eq. 6)

It means that the total time needed for one step processing must be less or equal to Thalf-chip.

Where :

Ngaps is the number of gaps needed for a step 1 (or step 2) processing and depends on Teff. The relation beween Ngaps and Teff is given by    (eq. 7)
Thalf-chip is the time after which a shift of half a chip can be observed on the received signal. Thalf-chip depends of the UE speed v

Tframe : time period for one frame (1e-2 s)

Tslot : time period for one slot (6.66e-4 s)

Note : TGPL is a number of frame and TGL a number of slots
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               (eq. 7)

It gives us straightforward the expression of the maximum TGPL value :
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                      (eq. 8)

3.2.2. Cases with TGD ( 0

In this section, we assume that the cell search processing begins in the first gap of the pattern (we remains that when TGD ( 0, there is two gaps per compressed mode pattern).
Let us call Ngaps  the number of gaps needed for a step 1 (or step 2) processing. If Ngaps is even, in order to have a timing drift less or equal to half a chip, the following expression [7] must be verified :
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(eq. 9)

Maximum TGPL value is then given by :
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         (eq. 10)

If Ngaps is odd, in order to have a timing drift less or equal to half a chip, the following expression [7] must be verified :

[image: image29.wmf]-23

-22

-21

-20

-19

-18

-17

-16

-15

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

mono-path fading channel (UE speed at 120 km/h)

SCH_Ec/Io (dB)

Detection Probability

25 slots

45 slots

60 slots



    (eq. 11)

It gives us straightforward the expression of the maximum TGPL value :
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             (eq. 12)

3.2.3. Analysis results

In this section, analytical expressions of 3.2.1 and 3.2.2 are used to obtain minimum gap density and the corresponding maximum acceptable TGPL value in order to avoid important degradations which might be introduced by timing drift. The  timing drift is typical (see  (eq. 3)) and  the  implementation margin is 1.5 dB. It will be reflected by an increase of the averaging depth of CSR processing to achieve the same probability of detection when compared to the case without implementation margin (see Table 1). The following tables are presenting maximum TGPL values and their corresponding gap density.

	
	TGL = 7
	TGL = 10
	TGL = 14

	
	TGPL constraint
	Minimum

Gap density
	TGPL constraint
	Minimum Gap density
	TGPL constraint
	Minimum Gap density

	Fading

 v = 3 km/h
	TGPL  ( 3
	11 % 


	TGPL  ( 5
	11 % 


	TGPL  ( 7
	11.4 % 



	Fading

 v = 25 km/h
	TGPL  ( 6
	5.6 %


	TGPL  ( 9 
	5.9 %


	TGPL  ( 14 
	5.7 %



	Fading

 v = 50 km/h
	TGPL  ( 9 
	3.7 %


	TGPL  ( 15 
	3.6 %


	TGPL  ( 23
	3.5 %



	Fading

 V= 120 km/h
	TGPL  ( 8 
	4.2 %


	TGPL  ( 12 
	4.4 %


	TGPL  ( 21
	3.8 %



	Fading

v= 250 km/h
	TGPL  ( 6
	5.6 %


	TGPL  ( 9 (12)
	6 %


	TGPL  ( 18 
	4.4 %



	AWGN

v=0 km/h
	TGPL  ( 35
	1 %


	TGPL  ( 52 
	1 %


	TGPL  ( 105 
	0.8 %




Table 2 : maximum TGPL value and its corresponding gap density when TGD = 0 taking into account the implementation margin
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Figure 3 : Minimum gap density as a function of UE speed (TGD = 0) – Typical timing drift values – Implementation margin
	
	TGL1 = TGL2 = 7
	TGL1 = TGL2 = 14
	TGL1 = 10 / TGL2 = 5

	
	TGPL constraint
	Minimum

Gap density
	TGPL constraint
	Minimum Gap density
	TGPL constraint
	Minimum Gap density

	Fading

 v = 3 km/h
	TGPL ( 6
	13.3 %


	TGPL ( 15
	11.6 %


	TGPL ( 6
	14.4



	Fading

 v = 25 km/h
	TGPL ( 12
	6.7 %


	TGPL ( 33
	5.3 %


	TGPL ( 12
	7.2 %



	Fading

 v = 50 km/h
	TGPL ( 18
	4.4 %


	TGPL ( 46
	3.8 %


	TGPL ( 23
	3.8 %



	Fading

 v= 120 km/h
	TGPL ( 16
	5 %


	TGPL ( 63
	2.8 %


	TGPL ( 16
	5.4 %



	Fading

v= 250 km/h
	TGPL ( 12
	6.7 %


	TGPL ( 36
	4.8 %


	TGPL ( 12
	7.2 %



	AWGN

v=0 km/h
	TGPL ( 104
	0.8 %
	TGPL ( *
	0 %
	TGPL ( 104
	0.8 %


Table 3 : maximum TGPL value and its corresponding gap density when TGD ( 0 taking into account the implementation margin
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Figure 4 : Minimum gap density as a function of UE speed (TGD ( 0) – Typical timing drift values – Implementation margin
Analysis of the results shows that for speeds between 25 km/h and 250 km/h, an acceptable gap density value is 7% when an implementation margin and typical timing drift values are considered.

For a UE speed below 25 km/h, a minimum gap density of 7 % do not guarantee that a detection probability of 0.95 will be reached.

Thus it gives us a lower bound for the acceptable gap density value. We recommend that the minimum gap density should be at least 7 %.
3.3. Simulation results for different gap density values

In this section, simulation results are presented in order to validate the approach used to define the minimum acceptable gap density (and its corresponding maximum TGPL value). For three fading scenarios (with UE speed at 50, 120 and 250 km/h), three different compressed mode pattern are tested in order to have different gap density values : one will match the limit computed in section 3.2.3, one will be greater and one will be below. The goal of having those three results for one given speed is to validate our approach and to check if the minimum acceptable gap density provides a detection probability of 0.95.

Typical values are employed to model the timing drift.

Here are information on simulation conditions :

	Propagation channel
	mono-path fading

	UE speed (km/h)
	50, 120 and 250

	Compressed mode parameters

	TGD (slots)
	0

	TGL (slots)
	7


Table 4 : simulation conditions
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Figure 5 : various gap density on mono-path fading channel with a 50 km/h UE speed
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Figure 6 : various gap density on mono-path fading channel with a 120 km/h UE speed
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Figure 7 : various gap density on mono-path fading channel with a 250 km/h UE speed
The above simulation results confirm our analytical approach. The greater value of gap density gives us the better performances. When taking the minimum gap density providing by our analytical calculations, we observe that performance are not degraded. On the other hand, when the gap density is below this limit, performances are degraded in a significant manner.

4. Proposition of modification for TS 25.133 specification

Results provided in this document show the necessity of limiting the range of TGPL compressed mode parameter in order to ensure successful inter-frequency cell identification. This is why NEC recommends a modification on TS 25.133 specification, section 8.1.2.3. on table (changes in blue) :

	TGL1 [slots]
	TGL2 [slots]
	TGD [slots]
	Maximum TGPL

	7
	-
	undefined
	5 

	14
	-
	Undefined
	12

	10
	-
	Undefined
	8 

	7
	7
	15…143
	10

	14
	14
	15…269
	24

	10
	5
	15…160
	11


When TGD ( 0, the following constraint on TGD has been applied :
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Conclusion

This contribution proposes to refine the current definition of compressed mode patterns in section 8.1.2.3 of TS 25.133 specification, for inter-frequency cell identification and measurements. 

Maximum values for TGPL parameter are proposed, which give minimum gap density of 7 %.
According to our analysis, this value is relevant for mobile speeds greater than 25km/h and for only 90% of possible timing drift values (typical value approach).

Actually, this limit is meant as a lower bound for minimum gap density. 

Our analysis focus on one cell to be identified, and it has been assumed that there were no delay between successive cell search steps.

For more realistic scenarios, we have to consider the following issues :

· The UE has to monitor up to 32 inter-frequency cells;

· Due to varying environment (path moving, path birth and death), a new cell detected after slot synchronization step, may not be instantaneously identified as a new cell and so several frame synchronization/code group identification attempts may be necessary; there may be several step 1 peaks to be processed inducing some time between steps 1 and 2, even if steps are performed in parallel and pipelined and this will increase the average identification time and the timing drift effect;

· The UE has to perform identification and measurement updates in parallel;

· Delays related to higher layers messaging will increase the average identification time;

Given this, the 1.5 dB implementation margin considered in the document is quite optimistic and an additional 1.5 dB margin should be introduced, leading to a minimum gap density around 10 %. 

Contacts : guillaume.delaval@mdc.nec.fr ; lionel.hayoun@mdc.nec.fr 
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