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1
Introduction

This paper tries to summarize shortly two proposals for handling reselections/load balancing between different frequency/RAT layers. It has been agreed in RAN2 that UE specific handling of cell reselection is supported by E-UTRAN.
The two proposals currently on the table in RAN2 are:

· Priority based scheme with absolute priorities of the RAT

· UE individual Offset based scheme

2 
Goals

In order to make decision in RAN2 we should first understand goals of reselection mechanism:

1. Idle Mode Load balancing

It was send tha idle mode load consists of paging signalling and tracking area updates. And as Paging does not cause cell specific load as it causes load in larger area - in a TA - it seems to be difficult to control paging load in on cell without affecting load on a larger area. Also load due to tracking area updates seems to be very same kind of load as paging and controlling that on a cell level seems to be rather difficult as it affects load on larger area. And as the TA update causes UE to start signalling connection with eNB - eNB can always HO UE to some other layer at that point to limit connected mode load. And if there is a problem in the load from connected mode UEs and NW cannot support any idle mode UE activity anymore, then there has been problems in the connected mode load balancing i.e. usage of HOs not in the idle mode load balancing. 

So it seems that load balancing is needed on TA/cell level

2. Subscription based load balancing

It seems that operators need to have a method to control where particular subscribers camp mostly on specific RAT e.g. voice centric UEs in GERAN. Question “Does subscription based load balancing require balancing of load between different frequency layers?” was not answered during the discussion  
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Short summary of two proposals

3.1
Priority based scheme
Detailed description of this method can be found in [2], which can shortly be summarized as:

1. Eeach layer (frequency/RAT) has a defined absolute priority

2. UE camps on highest priority layer, which fulfils some basic requirement e.g. suitability criteria. Different prioritization may be applied to different UEs in the same area or cell.
3. UE does measurements of different layers in priority order i.e. tries to first find highest priority layer and continues searching in priority order. UE does not do measurements of inter-frequency/RAT if camped layer fulfils some defined criteria e.g. S_intra_frequency 
4. In case UE is not camped on highest priority layer – UE will periodically search for higher priority layer(s)

5. Priorities are signalled to the UE by the network e.g. during tracking area update procedure or state transition message.  
3.2
Qoffset based scheme
More detailed description of offset based scheme can be found in [3,4,5], which can shortly be summarized as:

1. Cell reselection between layers (frequencies & RATs) is based on a ranking of cells which can be adjusted with additional offsets for specific UEs 
2. Reselection is based on ranking similar to intra-frequency R-criterion i.e. comparison of measurements of different cells (as today for GERAN to UTRAN cell reselection and UMTS inter-frequency )
3. An additional offset can be signalled for a UE with dedicated signalling in any state transitions message (ACTIVE to IDLE). This individual offset (positive or negative value in dB) is added on the ranking calculation by the UE.

4. A rule should be introduced how long this additional Offset should be kept by the UE and applied in the ranking process (e.g. only for ranking between frequency layer, only for ranking between RATs, until a new one is received, for a define time period etc).

5. Finer than “hard” priotities like + and – infinity dB are possible to be signalled to a UE in order to optimise the point where cell reselection occours (e.g. beneficial in case a UE moves into a coverage area and tracking area update signalling between RATs should be minimised, by spreading out the reselection point, depending on the received Offset and the current radio condition).

6. An additional cell triggered individual scheme [see 4, section 2.2.2] can be used to influence or compansate the camping policy locally by cells, changing the inter-layer/-frequency offset sent on BCH with the UE specific offset. So cells in low load situation can “make themselves more attractive” by adjusting the general inter-layer offset sent on BCH while UEs with a high additional offset will still follow the cell reselection towards the other layer. In the extreme case the offset on BCH could compensate the UE individual one used in this area and all UE remain on the current layer. But it should be noted that camp load balancing ona cell level will affect load on other cells in the new camped TA. 
7. The individually signalled offset shall be taken into account when calculating the Sseach_X tresholds based on a simple calculation rule in order to minimise the measurement activity of the UE. 
8. SON may help to find the appropriate parameter setting (e.g. based on actual load situations), but feasibility of SON doing such a complex optimization should be further studied
9. UE needs to measure all the time all layers in order to find best ranked layer/cell as each layer may have soft offset so no periodic search for the higher priority layer (frequency or RAT) is necessary 
4
Comparison
4.1
Commonalities

1. Both of the methods have some defined value for each layer (frequency or RAT): Priority or Offset towards that layer
2. With both methods load balancing and subscription based camping (e.g. UE with certain subscription type prioritizes camping to E-UTRAN) can be achieved.
3. Layer (frequency or RAT) specific values are UE specific

4. Layer (frequency or RAT) specific values are signalled to the UE at tracking area update. Additional signalling options e.g. When UE is moved from RRC_CONNECTED to RRC_IDLE is possible for both solutions.
5. The prioritisation of layer (frequency or RAT) is fully under network control
4.2
Differences

4.2.1
Reselection decision and measurements performed by the UE

Biggest difference between two proposals is how UE does measurements of different frequency layers and makes decision of reselection. 

UE implementation for the R criterion based cell reselection ranking is quite straightforward as the same implementation is already needed for other cases like intra-frequency case and used for WCDMA. But careful planning of offsets is needed in order to ensure operator camping policy while avoiding frequent cell reselections. Setting offset values to some other values than -/+infinity must be done specifically for the geographical location, but SON may help to find the right values to minimise signalling as well as potential pingpongs. 
On the other hand in the priority based method UE does not need to do any inter-frequency/RAT measurements if UE is camped on highest prioritised layer and that layer is above NW defined measurement criteria. But if UE is camped on lower priority layer then UE needs to search for higher priority layers on regular basis (assuming that it is indicated in the neighbour cell list). And if camped layer (even if highest priority) falls below some defined criteria UE needs to start measuring other layers in order to ensure camping on a layer that fulfils minimum camping criterion. Thus in  priority based approach UE stays on the highest priority available layer as long as it is heard well enough  and thus reselections between layers is minimised. This leads to lower UE power consumption and less TA updates  as unnecessary reselections are avoided. 
4.2.2 Impacts to legacy system
There was no input to this topic before the contribution deadline
5
Conclusions

Discussion on the topic was not very extensive so it is not possible to draw any conclusions at this point.. At the end of discussion it was also proposed to use priority based method for inter-RAT load balancing and offset based method for E-UTRAN inter-frequency load balancing. No comments were received on this proposal except some concerns about UE power consumption and NW planning. 
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