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1
Introduction
In recent RAN4 meetings there has been some discussion about the number of cells the UE should be mandated to monitor, mainly for active state discussions. The aim of this paper is to discuss performance for cell re-selection and look at ways to allow improved battery saving over that of current W-CDMA UEs where possible.
2
Discussion
2.1 Analysis of cell re-selection impacting concepts
Monitored set size vs. cell identification

There are different views on the number of intra-frequency cells that the UE is required to monitor in active state, and this discussion is likely to become more complex when inter-frequency measurements are added to the discussion, where cell sizes may be different on different frequency layers. When we then consider idle state where the UE mobility is impacted by DRX cycle lengths, this will add yet another complexity to the discussion.

One of the problems relating to this discussion for intra-frequency is that different companies may have different views on the cell identification time that is needed. In general the larger the monitored set size, the less chance that any newly identified cell will be quickly become a candidate for cell re-selection. As the speed of the UE increases, then:

· The requirements for a faster measurement averaging such that the time between the best cell changing and the UE detecting that the best cell has changed is reduced

AND

· The requirements for the UE to quickly identify new cells for monitoring are increased
OR
· The requirements for the number of cells to be in the monitored set increase, such that any cell that may quickly become a candidate for cell re-selection is likely to already be part of the monitored set.
Measurement averaging requirements
In terms of measurement averaging, it is reasonably clear in the W-CDMA specifications what the minimum requirements are for both intra-frequency and inter-frequency cells. Within TS25.133 there is the parameter Tevaluation that indicates the maximum time that the UE has to evaluate the best cell (when considering Treselection = 0). There is no actual test of measurement averaging as of today in W-CDMA though, as we only have testing in static AWGN conditions. 
High and low mobility

Within W-CDMA there is the possibility to add an additional averaging time to the Tevaluation time. This parameter is called Treselection. Within W-CDMA there is the possibility to have a “speed-dependent scaling factor” of Treselection, such that fast-moving UEs will use a shorter Treselection time than slow moving UEs, who will use the full Treselection time.
The trigger for “high mobility” state for fast moving UEs is the surpassing of a threshold derived from the number of cell re-selections performed over a given time period.

Cell identification requirements
In terms of cell identification, within W-CDMA it is actually not very clear what the exact identification time requirement is for intra-frequency cells in idle mode. It seems to assume that all intra-frequency cells are identified immediately. However this does not seem to be verified in the test in A.4.2.1, as the candidate cell for re-selection, C1, is always at a CPICH Ec/No level above the minimum detection threshold for CPICH Ec/No.

However there are quite clear requirements for cell identification for inter-frequency cells in idle mode. The UE must be able to detect that a previously non-identified cell as the best ranked cell within 30 seconds of it actually becoming the best cell. This value of 30 seconds seems quite large for UEs that are moving quickly, and this does not allow the operator any flexibility to control the maximum cell identification time for those fast-moving UEs.
Another aspect here is that the specified inter-frequency cell identification time in W-CDMA has no dependency on the DRX cycle length.
Impact of DRX cycle length

· A shorter DRX cycle could allow the UE more opportunities to identify new cells, within a given time period.

· The UE is required to use the additional measurement opportunities provided by a shorter DRX cycle length to enable a faster Tevaluation time of the cells that are part of the monitored set, and hence enable a faster cell re-selection once the best cell changes.
2.2
What improvements could be made for LTE?

Based on the discussion in section 2.1, Vodafone believe that there would be some benefit to do the following with respect to idle mode UEs:
· Ensure that it is clearly specified as to the minimum cell identification requirements for intra-frequency cells.

· Study the possibility to allow stationary or slow-moving UEs to have a longer DRX cycle length than fast-moving UEs, due to the fact that a longer Tevaluation time would be unlikely to cause interference problems or loss of coverage problems. This has the benefit of allowing more battery saving opportunities for the UE. Note that in W-CDMA, the DRX cycle length would need to be set short enough to ensure optimal Tevaluation time for fast-moving UEs in the cell, considering also that the benefit of the “speed dependent scaling factor” of Treselection is to minimise the measurement averaging time.
· Consider whether there is a benefit to assuming two measurement averaging windows, a long averaging window to ensure that fading is correctly averaged out to prevent un-necessary cell re-selections in case the UE is slow moving (with a corresponding tighter threshold for re-selection), and a short window with a looser power threshold to ensure that any sudden large changes, e.g. a new cell quickly becoming the best cell, due to the UE being fast moving, to ensure a fast cell re-selection. 

It should be noted that this mechanism could only useful if it is felt that there is no standard mechanism for the UE to understand that it is fast moving or slow moving.
· Study the possibility for cell identification times to be smaller and/or monitored set size to be larger for fast-moving UEs than slow-moving UEs, such that the UE will always find the best cell and there will be no double cell re-selections. Vodafone currently feels that this is particularly useful in the inter-frequency case where there are likely to be serving cell thresholds, such as Sintersearch above which measurements may not be performed.
· It should be analysed whether the decision-making process of fast-moving or slow-moving, or maybe even stationary, based on number of cell re-selections is sufficient if one of the inputs to this process is the measurement averaging and cell identification process that this proposal is proposing to optimise. E.g. a UE may not decide it is fast moving because it did not identify a cell quickly enough for cell re-selection and lost coverage of the serving cell before it could re-select.
· Another such process could be to consider changes between the order of cell ranking within the monitored set

Whilst bearing all of the above in mind, we should also aim to minimise unnecessary parameterisation, with a desire to minimise BCH overhead in the cell.

3
Conclusion

Vodafone would like RAN WG4 to consider further all of the above points for idle mode mobility, such that a good trade-off between UE complexity, battery saving, BCH overhead, and optimal re-selection performance can be made for LTE.



















































