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1
Introduction

This contribution is a revised version of R2-060831, which was a revised version of R2-060549. At the time that R2-060549 was presented in RAN2 UE bandwidth capabilities were not yet agreed. Now the UE bandwidth capabilities in UL and DL are agreed in RAN1 to be 10 MHz. Thus, it is worth reviewing cell selection and cell reselection issues in LTE. The main aim of this contribution is to review PLMN selection, cell selection and cell reselection defined in 25.304 for UTRAN and try to identify areas that require more analysis in RAN2 and which assumptions from 25.304 could be reused in LTE. 
2
Discussion
2.1
PLMN Selection in LTE

In UTRAN when requested by the NAS, the AS of the UE starts the PLMN search procedure.  Similarly, it can be expected that in LTE the UE searches for a PLMN when requested by NAS by performing an E-UTRA specific cell search procedure on a given carrier frequency candidate and reporting the found PLMN to NAS. If the last registered PLMN, Home PLMN or Equivalent PLMN is not found from the given carrier frequency (or e.g. set of previously used carrier frequencies) the UE may end up scanning through all RF frequency candidates for PLMN selection. 
Since the cell search procedure in LTE is likely to be rather similar to UTRAN, it can be expected that the UE does not necessarily search for all possible PLMNs in a given carrier frequency (e.g. in country borders more than one PLMN can be present in the same carrier frequency) in order to avoid exhaustive search time. Instead, the UE is likely to read the PLMN ID only for the cell that has the strongest multipath tap in the synchronisation channel search (i.e. in the first step of the cell search). 
The requirements for PLMN selection in UTRAN are defined in subclause 5.1 of the 25.304. In our view, the principles defined there seem to be suitable for LTE. However, certain modifications are needed on the criteria of high quality PLMNs as for the UTRAN the criteria is defined as RSCP measurement from primary CPICH. In addition, when UE is able to read the system information, but the cell is not fulfilling the high quality criteria the UE is using the RSCP measurement result for reporting the quality to the NAS layer.
Therefore, it can assumed that PLMN selection in LTE follows the principles laid down in UTRAN, and RAN2 should further look at the measurements and measurement quantities used for defining a high quality PLMN once the relevant physical layer details are defined. 
2.2
Cell Selection 
As the cell selection process can be considered as a part of the PLMN selection, it would be desirable to define a rather similar cell selection process and states as in UTRAN. If the cell selection could utilise the same principles as defined for UTRAN, the definitions for state and state transitions of the cell selection and cell reselection process could be reused. This approach would cover most part of the different cell selection procedures, even though some changes would be needed as discussed further below.
On the cell selection process, the S-criteria needs to be adjusted to fit to the E-UTRA measured quantities, which are likely to be at least somewhat different due to different L1 details. 

In UTRAN during the CELL_DCH to CELL_FACH or CELL/URA_PCH or Idle mode transition, the UE performs a cell selection, as the mobility in CELL_DCH state has been controlled by the UTRAN and the UE does not have a selected cell. After completing cell selection, the UE naturally has to start following the cell reselection process and thereby move to the best cell based on the cell reselection criteria. Since the UE has continuously performed measurements of its active set cells and neighbour cells in CELL_DCH, in most cases the UE is already camped on the best cell after cell selection, especially if there is no strong bias between different frequencies.
In LTE, when the RRC_CONNECTED to RRC_IDLE transition is done, it is expected that the UE perform cell selection, where it needs to read BCH of the target cell. 
We recently learned during the Delay optimisation discussions that in UTRAN also the CELL_DCH to CELL_FACH state transition delay introduces some problems for efficient data service. Thus, it is desirable that for LTE the RRC_CONNECTED to RRC_IDLE state transition should be designed with care in order to avoid introducing extensive delays to data transmission in RRC_CONNECTED → RRC_IDLE → RRC_CONNECTED state transitions.

Possible ways to reduce the cell selection delay in RRC_CONNECTED to RRC_IDLE state transitions are:

1) Rely only on optimised BCH scheduling;
2) Provide target cell information in state transition signalling and define that the UE may or shall start from that cell;
3) Define that the UE shall first select the current cell and start reselection process after reading the BCH;
4) Define that the UE shall first select the current cell and define that UE receives the downlink shared channel (DL-SCH) of that cell constantly during the time when it receives the BCH.
Solutions one to three might be somewhat problematic from BCH scheduling requirement point of view while solution four means that either the E-UTRA system or network has to ensure that the UE is able to receive the BCH of the target cell while decoding the DL SCH of the active state serving cell. In many cases, it is probably possible to ensure that the UE is able to read relevant system information messages of the target cell while still listening to the DL SCH but there are cases that are not straightforward. We believe that this is one of the areas that RAN2 should study further in order to meet the LTE performance expectations. 
2.3
Cell Reselection

As the RRC state machine contains only two states: RRC_CONNECTED and RRC_IDLE and the RRC_IDLE is the state where the mobility is handled by cell reselection process, the cell reselection process for LTE can be simplified from UTRAN, where URA/CELL_PCH and CELL_FACH state reselection procedures has been defined. 

When considering different network deployment scenarios, macro and micro cells, slow and fast moving UEs, and short call establishment delays, it looks attractive to consider that the principles defined for UTRAN idle mode cell reselection procedures are reused. The following assumptions can be made:

1) In cell reselection the modified S-criteria should be used as a suitable criterion as in LTE cell selection;
2) Hierarchical and non hierarchical cell structures need to be supported, for different micro and macro cell scenarios;
3) High mobility rules need to be defined for hierarchical and non-hierarchical cell structures;
4) The cell reselection procedure should not affect RRC_IDLE to RRC_CONNECTED state transition delays, but cell reselection should ensure that the UE is in a cell where the communication can continue after the state transition, i.e. avoiding unnecessary HOs. 

It is important to ensure that the LTE cell reselection procedure is competitive in terms of UE power savings as well. Therefore, some special features for allowing efficient power savings in good radio conditions i.e. when no cell reselections need to be performed by the UE. In UTRAN additional power saving features were introduced by defining measurement rules, which would allow the UE to stop certain measurements (e.g. inter-frequency and inter-RAT measurements) when the quality of the serving cell is good enough.  Later on these optional measurement rules were changed to mandatory cell reselection criteria, as there was a desire to simplify the network parameterisation in case of inter-RAT and inter-frequency cell reselection. In order to avoid revisiting the definition of the cell reselection criteria in the later phase of E-UTRA development it is important to consider what level of complexity is seen acceptable in the network planning and parameterisation before starting the actual design of the cell reselection criteria.
In cell reselection process, the UE selects a new cell after it fulfils the cell reselection criteria. It can be anticipated that the cell reselection criteria rely on measurement results from different neighbouring cells, which ensures that the UE is in the best cell from the radio interface point of view. In order to avoid problems in different roaming scenarios such as cell reselections to forbidden Location Areas, the inclusion of a minimum set of additional neighbouring cell information could be considered in addition to parameters needed to evaluate the radio conditions. 

In UTRAN, during the intra frequency cell reselection the BCH reading time does not cause additional interruption in data reception as the UE can and is required to read the target cell BCH before it actually stops the reception of the S-CCPCH of the source cell. Therefore, the time when UE would lose paging or FACH messages is very short. However, in case of inter frequency cell reselection the UE is typically not able to receive the BCH of the target cell while receiving the S-CCPCH of the source cell and hence the cell reselection time requirement is also looser than in the intra-frequency case. 
To accommodate the short RRC_IDLE to RRC_CONNECTED state transition delays also during the time when the UE performs cell reselection, the BCH reading time in cell reselection needs further thinking. One can assume the following possibilities:   
1) Rely only on short BCH scheduling 

2) Allow the UE to read the BCH of the target cell only during the DRX periods of the current cell's PCH

3) Ensure that UE can listen to the DL PCH for paging messages until it has read the BCH of the intra-frequency neighbouring cell in cell reselection 
Solution one could be problematic from a BCH scheduling frequency requirement point of view, and solution two could potentially jeopardise the cell reselection performance and introduce unnecessary HOs after RRC_IDLE to RRC_CONNECTED state transitions. On the other hand, option three is not possible in all cases (e.g. in case of inter-frequency cell reselections), but it would seem desirable to design the  LTE system and network so that in most cases it would be possible for the UE to receive the BCH of the target cell while still monitoring the PCH of the source cell. The RAN1 decision to define the minimum UE bandwidth capabilities for UL and DL to be 10 MHz is beneficial from a cell reselection delay perspective as it reduces the number of cases where the target cell is not considered as a true intra-frequency neighbour cell. The cell reselection performance can be optimised even further if at least all the cell search related system information is broadcast using the centre 1.25 MHz bandwidth of the DL operating BW as discussed in [1]. If it is necessary in some cases to use a 5MHz BCH, at least the central part of the BCH should be constructed so that information relevant for the cell search is transmitted in the central 1.25 MHz of the BCH. Having this type of narrower “primary” BCH would have clear advantages when having 10 MHz UEs in a network with 20 MHz system bandwidth. 

3
Conclusions
In this contribution, the cell selection and reselection issues have been discussed. It is proposed to reuse principles defined for UTRAN. In addition, it is proposed to further study and discuss the following topics:

-
Criteria for defining a high quality PMLN;
-
Requirements for defining the "S"-criteria for cell selection;
-
Cell selection process and BCH acquisition in RRC_CONNECTED to RRC_IDLE state transitions;
-
Requirements for defining the cell reselection criteria:
-
In the requirement setting it is important to consider what an acceptable level of complexity is in the network planning and parameterisation in order to avoid late changes in the cell reselection criteria.
-
Cell reselection process and including target cell BCH acquisition:
-
Broadcast channel design including DL bandwidth reservation also plays an important role in the cell reselection performance.  

-
Some cell reselection performance optimisations are possible if at least all cell search related system information is broadcast using the centre 1.25 MHz bandwidth of the DL operating BW. 
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