Page 1



3GPP TSG-RAN2 Meeting #58bis 
Tdoc R2-072757
25th– 29th June 2007

Orlando, USA
Agenda Item:
5.3.2
Source:
NEC 
Title:
UE specific intra E-UTRAN (inter-frequency) and inter-RAT cell

reselection
Document for:

Discussion & Decision
1 Introduction 
In section 10.1.1.2 of [1], the possibility to configure specific reselection parameters per UE group or per UE has been agreed in the case of intra E-UTRAN and inter RAT reselection.

This possibility was introduced to cover the following drivers listed in annex E of [1]: Camp load balancing, UE capability, Network sharing, Private networks / home cells, Subscription / Policy based mobility control (see [2], [3] and [4]).
For the case of intra E-UTRAN cell reselection, these drivers only apply for inter-frequency cell reselection only.

 In this contribution, we look at possible scenarios where these drivers are applicable, discuss how this type of mechanism could be used accurately and consider several possible options to define and configure the UE specific cell reselection parameters that could provide the required flexibility.

2 Discussion
2.1 Scenarios

In order to determine appropriate procedures and signalling, we consider the different drivers and look how the techniques listed in [2] may be employed in order to conceal all the listed drivers.
2.1.1 Camp load
If we assume that each UE has a certain probability to become active in the next 5 minutes, then the number of idle UEs that camp in a cell surely determines RACH load that is expected to come next, and the number of UEs that the eNB has to either redirect to another cell or to serve using radio resources in the current cell. So distributing UEs into different frequencies/RATs is a way to perform load balancing upstream of UE’s requests. But how and when to do it?

A good cell situation would be that: 
· current cell can serve all requests (given current load)
· a limited number of UEs are redirected to another frequency or RAT:

· redirection to subordinate cells (Annex E of [1], another frequency same RAT)

· redirection to another RAT

· UEs that request “low-demanding” service that can be served in another RAT

· UEs that request “high-demanding” service that can not be served in the current RAT

If the eNB determines that the amount of requests from idle UE is too large, it may be desirable to bias cell reselection so that less UEs camp in the current cell but prefer a cell in the same area that belongs to a different frequency or a different RAT.
In this case, it is assumed that the UE-specific bias would be common to all cells of a certain area.

2.1.2 UE capability
The UE capability are known at eNB only when UE is in LTE_ACTIVE, but some UE capabilities may be transmitted to the MME and stored as the UE is in LTE_IDLE.

So in principle, eNB and MME are equally aware of UE capabilities, and either of them could use this knowledge to trigger UE-specific mechanisms according to capabilities such as redirection upon RRC release and UE specific Qoffset.
Note: In case the UE does not send the access technology related UE capabilities directly to the eNB it means that the eNB must contact the MME first to fetch the UEs inter-RAT capabilities. This would not allow the case of redirection to another RAT without prior contact of the MME. Maybe this limitation is not desirable and solutions should be discussed.
2.1.3 Subscription- and Service-based mobility control
As the number of frequencies and RATs increases, there will be more co-located cells with different properties that support more-demanding services or can better accommodate certain services according to network planning.
Because eNBs are not aware of UE subscription and active services, some control from the MME is necessary for this type of mobility. A natural moment when MME may take action for subscription-based mobility control is at the time of attach, while service-based mobility control would be triggered at service start and end.
Alternatively, a simple indication in form of an inter values (0..128) could be given to the eNB each time a bearer is set up for a specific mobile and in turn used as “subscription or service policy indicator” by the eNBs RRM in LTE_Active mode.

In idle mode at least the subscription part could be used to indicate UE specific parameters/parameter changes to the UE from the MME. 
2.1.4 Private networks/home cells – Network sharing
As the UE is moving into different Tracking Areas, if those Tracking Areas span over private networks/home cells, the UE may or may not be allowed to reselect the corresponding cells. This authorization should be possibly controlled from the Core Network as the UE enters a new Tracking Area, provided the CN knows the mapping between Tracking Areas and existing private networks/home cells. 
Similar mechanisms as used in legacy RATs will be supported also in E-UTRAN including unchanged UE behaviour (LAU/RAU reject with different reject causes as defined in 23.122). This is especially useful if network sharing or roaming restriction shall apply.
Additionally, if a certain frequency is dedicated to a private network in a specific area, a UE specific reselection bias can be used to prevent the non-allowed UEs from attempting to select the private network, or to force allowed UEs to stay on the private network.
2.2 Control procedures
2.2.1 Cell reselection

In UTRAN, Qoffsets,n parameter is used to bias reselection between a given pair of cells, as described in 3GPP TS 25.304. This parameter is broadcast within SIB3 and SIB4 messages. Also, QoffsetMBMS is used to realise FLC for MBMS services. Additionally the parameter Treselection influences the cell reselection decision and might be re-used for LTE.
Though LTE may use different measurements for cell reselection, due to different radio/frame/pilot structure, we can assume that the same type of mechanism can be used for LTE or be modified appropriately.

2.2.2 UE-specific control of reselection
For LTE, it was suggested that the network can indicate to the UE, a UE-specific offset for cell reselection that should be used to bias reselection between a pair of cells for this specific UE [2] [3]. The signalled offset would be applicable permanently or for a certain time (UE timer). This general principle has been agreed in [1] for the case of Intra E-UTRAN idle-mode mobility and we propose to agree on it also for the case of Inter-RAT mobility. 
We discuss in the sequel several options regarding the way this UE-specific offset is applied in the cell reselection formulas, and also regarding the way it is signalled to the UE. 

How to apply the UE-specific offset in the cell reselection formulas.
In order to cope dynamically with network imbalance, it seems necessary to simultaneously address several UEs with the same offset, but in such a way that only a group of UEs, or even individual UEs will use a particular offset. In this respect, we believe that the cell-specific Qoffset broadcasted on the BCH should be kept, and the UE-specific offset should be used as a correction to this cell-specific Qoffset. 

For example: 
Qoffset UE s,n = Qoffset eNB s,n + Qoffset UEspec s,n 


Another possibility could be: 
Qoffset UE s,n = Qoffset eNB s,n + (Qoffset eNB s,n * K)

When the eNB modifies the broadcasted Qoffset eNB s,n, different UEs would apply different offsets based on information previously decided by CN (K or Qoffset UEspec s,n). Of course, the range of K or Qoffset UEspec s,n should be known by eNBs so as to choose meaningful values of Qoffset eNB s,n.
The difference between the additional offset and the scaling factor is that a scaling factor makes it possible in each individual cell to cancel or strengthen the UE-specific criteria (i.e. the offsets based on subscription and “preserved services”) for all camped UEs. Also, since the Qoffset UEspec s,n would directly or indirectly come from the MME (see discussion below about how this new parameter is signalled), it would have a TA granularity. Inversely, with the scaling factor concept, K also comes from the MME but the formula enables to have a cell granularity. Whether or not this functionality is needed is FFS. 
How to signal the UE-specific offset to the UE. 

There are mainly two options: RRC signalling (as suggested in [2] & [3]) and NAS signalling. 
· In [2], [3] it was suggested to use dedicated RRC signalling. This implementation implies that the UE should be connected to receive the offset. For example, the RRC signalling could be done at the same time of registration procedure (then the offset used by the UE will be the same for all the cells of the TA - unless a set of offsets be notified to the UE when it enters a new TA). Also, multiple offsets could be broadcasted on system information and the UE would be informed through RRC which offset to follow. 

· An alternative solution could be to signal the new parameters through NAS signalling, at Attach or TA update procedures for example. We see that the scaling factor is more suited to NAS signalling, and the additional Qoffset is more suited to RRC signalling, even if this is not exclusive. The reason is that if idle UEs use an offset rather than a scaling factor, the MME most likely will not provide the offset directly to the UE (in order to keep MME ignorant of radio parameters) but there would be a value given to the eNB through which the UE is connected, and the eNB would do the translation into an offset. 
Validity / Lifetime of the UE-specific parameter
As mentioned before, the validity of the UE-specific parameter can be limited in time (UE timer), but it could also be limited by UE mobility, for instance:
· UE deletes parameter when another cell is reselected
In this case, the usage of the UE-specific offset is very limited, as there is no possibility to provide a new parameter to the UE before entering LTE_ACTIVE again.

· UE deletes parameter when a cell from another frequency is reselected
The UE specific offset can be used to privilege the current frequency or to privilege another frequency.
· If the another frequency is privileged, then the usage is in fact very similar to inter-RAT redirection at the end of a CS call.
· If the current frequency is privileged, when, due to radio conditions or frequency coverage of the current frequency, the non-preferred frequency is entered, then the UE will not come back, and the network will not have the possibility to move it back to the original frequency. However, at the end of coverage of a frequency, this is not a problem.
· UE deletes parameter when a cell from another Tracking Area is entered
In this case, there is the possibility to permanently keep a UE-specific offset for the UE, which is more appropriate for subscription-based mobility control. 

If a UE specific additive offset is provided, then the network should ensure that the same value can be used through the whole tracking area. If a scaling factor is provided, it makes it possible to have the offset vary within the tracking area.
Note on application to Inter-RAT case

The same process could also be applied while the UE is camped on the other RAT in order that ping-pong is avoided between the RATs or a implicit timer is added to this scheme. Alternatively rules can be defined that the offset is also applied in the legacy RAT of the same PLMN unless a new one is received. Detailed means to minimise the impact on the legacy RAT should be discussed. 
3 Conclusion
We have discussed the feasibility of camp load balancing and the other drivers that impact LTE mobility control in LTE_IDLE. 
Looking at the proposal for UE-specific Qoffset, we describe a simple scheme where the E-UTRAN configures a generic offset and UE-specific offsets are assigned to every UE so that the E-UTRAN offset on system information is modified using: 
· Option 1: an additive value

· Option 2: a scaling factor

This new parameter would have to be signalled to the UE using: 

· Option A: RRC signalling

· Option B: NAS signalling

The parameter might be valid:

· Option X: until a UE timer expires

· Option Y. when the UE is moving

· Y1: reselection of another cell

· Y2: reselection of a cell in a different TA

· Y3: reselection of a cell in a different frequency

We suggest RAN2 discuss and decide about the options mentioned above, to introduce this type of mechanism in the LTE stage 3 TS for idle mode mobility procedures.
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UE-Specific scaling factor E.g. -1 if this UE is part of the X% of the terminals that have to be held in LTE.























Cell-specific broadcasted Qoffset. E.g. +10dB if the operator wants globally to push terminals in UMTS 





Offset that will be effectively used by the UE in the cell reselection relations 





UE-Specific Qoffset. E.g. -10dB if this UE is part of the X% of the terminals that have to be held in LTE 




















