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1. Introduction

This document discusses about the definitions of parallel measurements and compressed mode patterns in general form. As agreed in the RRM adHoc this issue will be handled in this meeting again after people have had some time to consider the proposal.

We have also made some further work to cover also the GSM part, and correct some errors in equations based on off-line discussions.

2. Discussion

The problem of having a generic rule of UE measurement performance has turned out to be very difficult to solve. The discussion has been going around the definitions about how many neighbours the UE can measure with a certain pattern, and how many different tasks the UE can handle in parallel. The problem of current way of defining parallel measurements is that the measurement period is constant regardless of measurement load. Accuracies are also kept the same although it is recognised that the measurement period or sample quantity are not be the same in all configurations. As in extreme case one can generate a situation that it is not possible to take one single sample, but still the accuracy definition holds.

From the system point of view it's believed that the accuracy of the delivered measurement results should be reliable and have the same performance. This would ensure a proper behaviour for network algorithms. In order to obtain same accuracy with same amount of neighbors the only variable is the the measurement time. This needs to be taken into account when ordering measurements from the UE.

In order to derive a generic definition the following assumptions have been made:

· The system algorithms need always an accurate information about measurements performed in the UE

· This implies that the period after measurement results with a certain accuracy are available varies according to measurement tasks. 

· The basic measurement period is used for filtering fading away. Naturally fading can be futher filtered away using L3-filtering defined by the network.

· The declared accuracy of the measurement result is met in the UE after the period defined in the equations given in this document. 

· The delay for having measurement result ready in different cases can in principal be achieved by linearly scaling the basic measurement period used for intra frequency measurements. This should be obvious since the hardware inside the UE is the same all the time.

It is important to notice that possible measurement period, which the UE can utilize for measurements is dependent on  compressed mode patterns. In the following sections we are considering DL/UL compressed mode scenario, which we feel will be the most demanding from the idle length point of view.

In TS 25.212 in annex B there is table 11 indicating the true idle periods during the compressed mode gap. This table fullfills both the compressed frame structure methods A and B. The variation of idle length is caused by different slot formats and pilot bit counts after the gap. Note that progation delay is not included in the figures in the table and could be assumed  to be in the order of 64 (s.

Table 1: True Idle lenght vrs gap lenght in slots

TGL
Idle Length (ms)

3
1.47 – 1.73

4
2.13 - 2.39

5
2.80 – 3.06

7
4.13 - 4.39

10
6.13 – 6.39

14
8.80 – 9.06

The figure below presents a principle graph explaining what different terms in the following equations mean. 
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Figure 1 Description of time scheme when one compressed mode 

The symbols in the equations are defined as follows:

TGPL1 = pattern repetition period

TGL1, gap 1 lenght = Idle Length *103 (s, where Idle Length refers the appropriate TGL quantity in slots in Table 1

TGL2, gap 2 lenght = Idle Length *103 (s, where Idle Length refers the appropriate TGL quantity in slots in Table 1

T3, Time of synchronisation = A period needed to adjust possible asynchronous timing between measurement periods. 

T4, HW switch = Time for system HW to settle.

In principal the calculation is only made by comparing the time consumed for each frequency and the time of true idle length in the measurement gap and the period when the measurement gap appears again. It should be noted that the HW and synchronous time are constant and are not changing if the gap is changing. However, it should be noted that figures for the parameters T3 and T4 are only included in this proposal to make a proper assumption for an actual measurement time and futhermore basis for setting UE measurement requirements.  This makes it evident that the efficiency of measurements is better in longer compressed gap periods. This is discussed in context of GSM RSSI measurements in one of the next sections.

2.1 Single gap pattern

The equation is as follows:

Measurement period for inter frequency, single gap case.

Tmeasurement period inter = [basic measurement period]* TGPL1/(TGL1-(2*T4+T3)).

Compressed mode parameters are an issue for operators optimisation. The compressed mode pattern repetition period should not be increased to large so that channel condition does not change too much during the cell search and measurement procedures. Otherwise the UE may not be any longer capable of  detecting and measuring cells on other frequencies.

And similarly for the period for intra frequency (active link)

Tmeasurement period intra = [basic measurement period]*((TGPL1)/(TGPL1-TGL1-T3))

The upperbound for these equations could e.g. 1s, to limit the assumption that if the pattern is performed very seldom., If the measurement gaps are given too seldom, it could not be assumed that the synchronization to the cells can always be maintained.

It is an obvious consequence that the accuracy of intra frequency measurement would be degraded if we assumed the same measurement period for reporting although at the same time compressed mode is in use.

If more than one inter frequency operation is performed using the same compressed mode pattern, the time for measurement is again extended by factor 2 or more taking synchronisation time into account.

2.2 Dual gap pattern

In case we have a dual gap method in use this same analogy applies, but we need to add another activity period, which is off from intra frequency measurement period. Now we assume that T2 represents the gap 2 time period. All other variables are the same.

Hence the equation can be further developed to the form:

Measurement period for inter frequency, dual gap case

Tmeasurement period inter = [basic measurement period]* TGPL1/(TGL1-TGL2-2*(2*T4+T3)).

And similarly for the period for intra frequency (active link)

Tmeasurement period intra = [basic measurement period]*(TGPL1)/(TGPL1-TGL1-TGL2-2*T3).

2.3 FDD Multi carrier measurements

Further if the UE is ordered to perform measurements in several frequencies with one pattern the time Tmeasurement period multiple inter for interfrequency measurement results is extended as follows: 

Tmeasurement period multiple inter = Tmeasurement period inter *n.

n = number of inter frequency carriers

Naturally the Tmeasurement period intra  for intra frequency is not affected since the gap is same as in the previous case.

2.4 GSM RSSI measurements

We propose that GSM measurements are treated a different way since the measurement startegy is different and measurement accuracy is defined in the GSM specification. In GSM it is the number of samples the UE is possible to measure in given gap length which will drive the system. Based on the R2 specifications measurements on different RATs  are performed using different compressed mode patterns. So we assume here that the UE does not mix different technologies and measure them during the same gap. This also keeps the definition simpler, and measurements can be performed efficiently.

In table below we outline the measurement requirement of GSM RSSI samples as a function TGL length. The third paragraph is the true measurement length in combined UL/DL compressed mode ( from TS 25.212 annex B). 

TGL
GSM RSSI sample quantity in each TGL length.
Idle Length (ms)

3
1
1.47 – 1.73

4
2
2.13 - 2.39

5
3
2.80 – 3.06

7
6
4.13 - 4.39

10
10
6.13 – 6.39

14
15
8.80 – 9.06

From the table the UE measurement ability can be concluded and the estimated capability to measure adequate amount of samples per reporting period. Similarly it is obvious from the table that the UE is completely dependent on measurement occasions, and hence the equal number of RSSI measurements per periodic reporting interval of 480 ms is not possible to guarantee for the fixed number of neighbour cells in all conditions. 

3. Proposal for TS25.133

We propose that calculation formulas for defining both intra frequency and inter frequency measurement periods, which ensure that the UE meets the set accuracy requirements, are introduced into Section 8.

For section 9 the definition of measurement periods needs to revised to reflect the fact that compressed mode impacts the measurement period of intra and inter frequency measurement for given accuracy. It is proposed that the measurement periods are refered to section 8 from section 9 in each requirement.

For GSM RSSI measurement capability can be defined with number of measurements in given number of slots. It is proposed that this text is included in chapter 8, where GSM measurement procedures are describied.

3.1
 For FDD intra frequency requirements

"8.1.2.1
FDD intra frequency measurements
During the CELL_DCH state the UE shall continously measure detected intra frequency cells and search for new intra frequency cells in the monitoring set. In case the network request the UE to report unlisted cells, UE shall also search for intra frequency cells outside the monitoring set. 

Due to fading the UE shall filter measurements over the measurement period so that the measurement result is an estimate of the average value of the measured quantity over the measurement period. 
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In the CELL_DCH state the measurement period for intra frequency measurements is [150] ms when no compressed mode pattern is in use. When compressed mode is active the measurement period for intra frequency measurements in the CELL_DCH state is defined as followed:

Where using parameter names defined for the combined DL/UL compressed mode

[Tbasic measurement period]= Time period need for intra frequency measurements without compressed mode pattern. 

TGL1, gap#1 = Idle Length *103 (s, where the minimum Idle Length refers the appropriate TGL quantity in slots in TS25.212v3.3.0 annex B Table 11.

TGL2, gap#2 = Idle Length *103 (s, where the minimum Idle Length refers the appropriate TGL quantity in slots in TS25.212v3.3.0 annex B Table 11. TGL2 length can also be 0, for single gap method.

T3, Time of synchronisation = Time period needed to adjust possible asynchronous timing between intra and inter frequency measurement periods. The value of T3 used in the measurement period calculations is constant [xyz] ms.

T4, HW switch = Time needed for system HW to settle. The value of T4  used in the measurement period calculations is constant [ 500 ??] (s."

3.2
 For FDD inter frequency requirements

"8.1.2.2
FDD inter frequency measurements

In the CELL_DCH state when compressed mode is provided by the network the UE shall continously measure detected inter frequency cells and search for new inter frequency cells given in the monitoring set. 

Due to fading the UE shall filter measurements over the measurement period so that the measurement result is an estimate of the average value of the measured quantity over the measurement period. 
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In the CELL_DCH state the measurement period for inter frequency measurements is defined as followed:

Where using parameter names defined for the combined DL/UL compressed mode

[Tbasic measurement period]= Time period need for intra frequency measurement without compressed mode pattern. This time period  is specified in section 8.1 at intra frequency requirements in subclause 8.1.2.1.

TGL1, gap#1 = Idle Length *103 (s, where the minimum Idle Length refers the appropriate TGL quantity in slots in TS25.212v3.3.0 annex B Table 11.

TGL2, gap#2 = Idle Length *103 (s, where the minimum Idle Length refers the appropriate TGL quantity in slots in TS25.212v3.3.0 annex B Table 11. TGL2 length can also be 0, for single gap method.

T3, Time of synchronisation = Time period needed to adjust possible asynchronous timing between intra and inter frequency measurement periods. The value of T3 used in the measurement period calculations is constant [xyz] ms.
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T4, HW switch = Time needed for system HW to settle. The value of T4  used in the measurement period calculations is constant [ 500 ??] (s.

In case there is more than one inter frequency carrier to measure, the measurement period for inter frequency cells is;

Where

n = number of inter frequency carriers, n >1. "

3.3
 For GSM measurement requirements

"8.1.2.4
GSM measurements
The UE supporting GSM measurements shall be able to measure RSSI levels of neighbor cells with acquisistion speed defined in table x.y. The idle period length is defined in 25.212 in annex B, and it is applicable for both compressed mode frame structures. 

The UE shall meet the measurement accuracy requirements stated in 05.08, when the given measurement time allows the UE to the take the same amount of measurement samples as stated in the GSM specificaton during the measurement period.

TGL
GSM RSSI sample quantity at each TGL length.
Idle Length (ms), from TS 25.212v3.3.0

3
1
1.47 – 1.73

4
2
2.13 - 2.39

5
3
2.80 – 3.06

7
6
4.13 - 4.39

10
10
6.13 – 6.39

14
15
8.80 – 9.06
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