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1 Problem and Status

As a result of cell re-selection discussions at 3GPP RAN WG2 meeting #10, open topics to be handled in an e-mail discussion were summarised in [2].

This document discusses some of these topics:

· Cell re-selection criteria for HCS

· Initiation of neighbouring cell measurements

2 Discussion

2.1 Problem: Cell re-selection criteria 

At 3GPP RAN WG2 meeting #10, different approaches to cell re-selection in a network supporting Hierarchical Cell Structures (HCS) was discussed, as summarised in [2].

This section presents strategies for cell re-selection in networks with and without HCS, which encompasses UTRA-FDD and UTRA-TDD cells, as well as cells of other radio access technologies (such as GSM). The cell re-selection criteria are based on [3] presented at RAN WG2#10, and on cell re-selection criteria for GPRS [4].

2.1.1 Cell re-selection criteria for HCS

In a contribution to the ongoing RAN WG2 e-mail discussion, we discussed that use of absolute quality threshold levels for selecting prioritised cells in a HCS network is preferred, rather than using relative quality comparisons between cells of different priority levels. An absolute threshold level gives better means for the operator to control the ‘size’ of the higher prioritised cells.

For an efficient cell re-selection strategy in a HCS network, two sets of rules are needed:

(1) HCS criteria H, to decide whether prioritised cell re-selection shall be applied.

(2) Cell ranking criteria R, to select the ‘best’ cell among the cells having same priority.

Each cell in a HCS network shall have a HCS priority value (HCS_PRIO, highest HCS_PRIO value corresponds to highest priority) and a quality threshold level Qhcs. We define the HCS criteria H for serving cell (s) and neighbouring cells (n) as

Hs = Qs - Qhcss
Hn = Qn - Qhcsn

where Q is the measured quality of the cell.

UE shall select the cell having highest priority that fulfils the H criteria. 

In the HCS criteria H, we compare the measured quality of the cell to an absolute threshold value. There is no comparison between cells or different types of measurements. 

The cell ranking criteria R is used by the UE to select the ‘best’ cell. The cell ranking criteria is applied:

(1) When more than one cell fulfils the HCS criteria on highest priority level. Here, ‘highest priority level’ is the highest level where at least one cell (serving or neighbouring) fulfils the HCS criterion H. 

(2) When no cells fulfil the HCS criteria H.

(3) When HCS is not applied in the network.

The obvious choice of cell ranking criteria R is based on the current cell re-selection criteria of [1]:

Rs = Qs
Rn = Qn - Qoffsets,n- Qhysts 

The ‘best’ cell is the cell having highest ranking value R.

Since UTRA-FDD, UTRA-TDD and other RATs, such as GSM, use different measurements, measurements on cells of different radio access technologies and modes cannot be compared on an equal basis. The R criteria above can only be used for cells of the current UTRA mode (intra-UTRA-mode cell re-selection). Therefore, the cell ranking criteria R defined above has to be combined with additional rules.

To avoid comparison of different measurement types, the R criteria above are combined with two additional criteria:

Rs 

= Qs 
Rn,intra-UTRA-mode 
= Qn – Qoffsets,n- Qhysts
Rn,inter-UTRA-mode 
= Qn – (Qacceptn)
Rn,inter-RAT
= Qn – (Qacceptn)


(Qaccept 
minimum quality for selecting a cell of the other UTRA mode or RAT)

To enable cell re-selection prior to loss of coverage (S<=0) of the current UTRA mode cell, UE shall rank a neighbouring cell of the other UTRA mode or another RAT as ‘better’ than the serving cell as soon as that neighbouring cell has its ranking criteria R>0. 

If several inter-UTRA-mode neighbouring cells have R>0, UE shall select the neighbouring cell having highest R. If several inter-RAT neighbouring cells have R>0, UE shall select the neighbouring cell having highest R.

If ‘at the same time’, there are neighbouring cells from different radio access modes and technologies ranked as ‘better’ than the serving cell, the decision of which radio access mode or technology to select need not be standardised. Firstly, there is the issue of what is ‘at the same time’. Secondly, there seems to be no problem to stay within the current UTRA mode in this case. Most likely, a change of UTRA mode or RAT will occur from that cell.  

It should be noted that the same principles for cell re-selection for HCS is proposed both for UMTS and GSM/GPRS.

2.1.2 Example: GSM vs UTRA Cell re-selection without HCS

In the previous section, cell re-selection criteria applicable for HCS was discussed. In this section, we discuss cell re-selection between UTRA and GSM cells in a network not applying HCS.

The objectives for the cell re-selection mechanism between UTRA and GSM for R’99 are:

(1) The mechanisms shall be robust, such that ping-pong re-selections can be avoided.

(2) The network operator shall have efficient means to control the cell re-selection mechanism via parameter settings.

(3) It shall be possible to introduce the cell re-selection mechanism without major impact on the existing GSM standard.

For future releases, more advanced concepts can be introduced.

In [1], a cell re-selection mechanism between UTRA and GSM cells using parameters Qsearch and Qaccept is specified. The mechanism has also been presented in SMG2 (see Tdoc SMG2 1681/99). 

The parameters Qsearch and Qaccept are sent in system information in the serving cell. Qsearch is a quality threshold level in serving cell that controls when the UE needs to measure on cells of the other RAT for cell re-selection. When the quality of the serving cell is below Qsearch, the UE shall measure on cells of the other RAT. Qaccept is the minimum required quality, measured as defined for that RAT, of a neighbouring cell for selecting that cell. As soon as a cell of the other RAT fulfils the Qaccept criteria, the UE should select that cell.

Using this concept, there is no comparison between measurements performed on cells of UTRA and GSM cells. It could be very hard to find a mapping functions that allows a fair comparison between cells of different RATs, in order to select the ‘really best cell’. 

In Appendix 1, two examples of parameter settings for inter-RAT cell re-selection are presented. The first example shows a parameter setting which forces the UE to select a UTRA cell, as soon as there is UTRA coverage. The difference between the quality level of a serving UTRA cell for starting measurements on GSM cells, and quality level for selecting a neighbouring UTRA cell (measured when camped on a GSM cell), provides the necessary hystheresis to avoid ping-pong effects.

The second example of Appendix 1 shows a parameter setting that minimises inter-RAT cell re-selections.

2.2 Problem: Initiation of Neighbour Cell Measurements

Measurements for cell re-selection in UTRA (FDD and TDD) are more power-consuming for the UE as compared to e.g. measurements in GSM. As the stand-by time of the UE will be one of the criteria for benchmarking UMTS and other radio access technologies, it is advantageous to have some rules that limits the measurement activities of the UE. In order to adopt the existing rules for network control of UE measurement activities in [1] to HCS, the following is proposed: 

If HCS is used, UE shall measure on 

1. all neighbouring cells having higher HCS priority level than serving cell, and

2. all neighbouring cells of current UTRA mode belonging to same HCS priority level as serving cell.

3. all neighbouring cells of serving cell, if the quality of serving cell is below quality threshold level.

There are specific quality threshold levels for intra- and inter-UTRA frequency measurements and inter-RAT measurements. The threshold levels are sent in system information of serving cell.

3 Proposal

It is proposed that the principles for cell re-selection mechanisms as outlined in this document is adopted for cell re-selection in R’99.
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Appendix 1: Examples on parameter settings for GSM/UMTS cell re-selection

EXAMPLE 1: UTRA is chosen whenever UTRA coverage is acceptable




EXAMPLE 2: Threshold setting for minimizing the inter-RAT re-selection rate and inter-RAT measurements
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