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1.
Introduction

Measurements of E-UTRAN cells in CELL_FACH were introduced in Rel-11 by adding similar requirements for E-UTRAN as there had been for GERAN and UTRAN in TS 25.133. However, when the requirements were introduced, there was no comparison of all possible parameter values vs. minimum measurement times in UTRA or E-UTRA specifications elsewhere. This document shows that in some specific CELL_FACH parameter combinations the time for E-UTRAN cell measurements is significantly less than in other UTRA modes or in E-UTRA. The reliability of cell reselection is impacted negatively by the shorter measurement time.
2.
Discussion
Before the E-UTRAN measurements were introduced by [1], the shortest times for measurement occasions in E-UTRA and UTRA specifications (in presence of E-UTRA cells) were in the situations, where the UE is in CELL_DCH of UTRA or in RRC_CONNECTED of E-UTRA in non-DRX case. The times for measurement gaps (i.e., measurement occasions in connected mode) can be found in TS 25.133 Table 8.8a and in TS 36.133 Table 8.1.2.1-1 respectively. They are copied below for reference.  
Table 8.8a of 25.133 (in 8.1.2.6 E-UTRAN measurements)
	TGL1 [slots]
	TGL2 [slots]
	TGD [slots]
	Max TGPL [frames]

	≥10
	-
	undefined
	12


Table 8.1.2.1-1 of 36.133: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


These gaps are depicted in Figure 1, see the three uppermost rows presenting gaps in blue (CELL_DCH) and purple (E-UTRAN RRC_CONNECTED). For CELL_DCH, the smallest possible measurement time is selected , i.e., TGL1 = 10 slots = 6.67 ms / TPGL = 12 frames = 120 ms. 
The parameters affecting the measurement occasion length and repetition in CELL_FACH are presented in Table 8.10A of 25.133:
Table 8.10A of 25.133: K values for each NTTI value

	NTTI
	K

	1
	3,4,5,6

	2
	2,3,4,5

	4
	2,3,4

	8
	1,2,3


NTTI * 10 ms is the maximum length of TTI in SCCPCH – it is also the measurement occasion length – and K is the FACH Measurement occasion cycle length coefficient, signalled in RRC (in IE “FACH measurement occasion info” of SIB11 or SIB12). The repetition rate of the measurement occasion is NTTI * 2K. 
The measurement occasions in CELL_FACH are presented in green colour in Figure 1. They include all possible NTTI and K values. Figure 1 presents the measurement occasions over 640 ms, which is the maximum length of measurement occasion repetition period in CELL_FACH.
On the right side of Figure 1, the aggregated time for measurement occasions over 640 ms period is given.  During 640 ms, the aggregated measurement occasion (gap) time is 40 ms in CELL_DCH, and 48 or 96 ms in E-UTRAN RRC_CONNECTED. 

Also in most of CELL_FACH parameter combinations, the aggregated measurement occasion time is at least 40 ms per 640 ms. However, in case of parameter combinations K=5 & NTTI=1, K=6 & NTTI=1, and K=5 & NTTI=2, the aggregated measurement time per 640 ms is 20 ms or 10 ms, which is half or less of the minimum time in CELL_DCH or E-UTRA RRC_CONNECTED.
Observation 1: In case of parameter combinations K=5 & NTTI=1, K=6 & NTTI=1, and K=5 & NTTI=2, the aggregated measurement time per 640 ms is 20 ms or 10 ms, which is half or less of the minimum time in CELL_DCH or E-UTRA RRC_CONNECTED.

Another aspect to be taken into account is the number of opportunities to search for new E-UTRAN cells; a continuous, slightly over 5 ms window is needed for this (6 ms considered to be sufficient in E-UTRAN). This means that, e.g., during one 10 ms measurement occasion, only one search can be performed. With the three parameter combinations mentioned above, the number of potential search windows per 640 ms is only 1 (K=6, NTTI=1), 2 (K=5, NTTI=1) or 3 (K=5, NTTI=2). In CELL_DCH or E-UTRA RRC_CONNECTED the search can be carried out in each of the 6 ms or 6.67 ms gaps, i.e., there can be at least six windows per 640 ms. In addition to these three cases, there is one parameter combination, where the number of potential  search windows is significantly lower than in CELL_DCH, although the aggregated measurement occasion time is in par with CELL_DCH: In the parameter combination K=4 when NTTI =1, the number of possible windows to search for new E-UTRAN cells is only 4, while in CELL_DCH it is at least 6. 
Observation 2: In case of parameter combinations K=4 & NTTI=1, K=5 & NTTI=1, K=6 & NTTI=1, and K=5 & NTTI=2, the number of potential E-UTRAN search windows is 1 … 4 per 640 ms, which is significantly less than in CELL_DCH or E-UTRA RRC_CONNECTED, where it is at least 6.
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Figure 1: Measurement occasions / gaps
DRX can provide some additional occasions for the measurements. However, there may be rather long intervals between DRX occurrences, or DRX may not be used at all. As consequence, in these four cases the accuracy of E-UTRAN measurements cannot be guaranteed to be on the same level as they are with other CELL_FACH parameter values or in other UTRA or E-UTRA states. This leads to sub-optimal performance of CELL_FACH reselections to E-UTRAN. Note that the situation becomes even worse in Rel-12, where the maximum number of measured frequency layers is expected to be increased. 
The correction to this issue should have minimal possible impact in implementations and specifications. The solution with least impact would be to exclude these four value combinations, when E-UTRA carriers are included in the measurements (that is, the IE "E-UTRA frequency and priority info list" is included in SIB19). 
Therefore it is proposed:

In order to keep the CELL_FACH measurement accuracy on the same level as in other UTRA and E-UTRA modes, the parameter combinations K= 4, 5 or 6 when NTTI=1, and K=5 when NTTI=2 are excluded when E-UTRA carriers are included in the measurements.
In TS 25.133, the table 8.10a should be re-formatted as below (additions in blue).
Proposed Table 8.10A: K values for each NTTI
	NTTI
	K if no E-UTRA carriers included in measurements 
	K if E-UTRA carriers included in measurements

	1
	3,4,5,6
	3

	2
	2,3,4,5
	2,3,4

	4
	2,3,4
	2,3,4

	8
	1,2,3
	1,2,3


It is emphasized that this change does not require any modifications to existing Rel-11 UE implementations or to RRC specifications – the only change is that the Node B uses a sub-set of K values, when E-UTRAN cells are included in the measurements. There are no changes to measurements either; in the test cases of 25.133 Annex A (section A.5.5 Cell Re-selection in CELL_FACH) the applied values of K (“FACH Measurement occasion cycle length coefficient”) are 2 and 3.
The related CR is in [2], and the mirror CR for Rel-12 in [3].
3.
Conclusions

Observation 1: In case of parameter combinations K=5 & NTTI=1, K=6 & NTTI=1, and K=5 & NTTI=2, the aggregated measurement time per 640 ms is 20 ms or 10 ms, which is half or less of the minimum time in CELL_DCH or E-UTRA RRC_CONNECTED.

Observation 2: In case of parameter combinations K=4 & NTTI=1, K=5 & NTTI=1, K=6 & NTTI=1, and K=5 & NTTI=2, the number of potential E-UTRAN search windows is 1 … 4 per 640 ms, which is significantly less than in CELL_DCH or E-UTRA RRC_CONNECTED, where it is at least 6.

Proposal: In order to keep the CELL_FACH measurement accuracy on the same level as in other UTRA and E-UTRA modes, the parameter combinations K= 4, 5 or 6 when NTTI=1, and K=5 when NTTI=2 are excluded when E-UTRA carriers are included in the measurements.
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