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1 Introduction

Load balancing as well as subscription (and operator policy) based mobility control in LTE_IDLE are recognized as mobility drivers, while UE battery consumption and network signaling and processing load are limitations according to ‎1]. These drivers and limitations are applicable for both inter-frequency and inter-RAT mobility.
Recently, two categories of solutions that address these issues have been proposed and discussed ‎3]-[‎6]: cell reselection using cell and UE specific offset values in the R-criterion and the so called access pipe based solution. In this contribution we discuss the advantages and disadvantages of these two approaches and propose a way forward. 
2 Camp Load Balancing in the Access Pipe (AP) Approach
An access pipe (AP) is basically an ordered (prioritized) list of RATs and carrier frequencies, as exemplified in Section 4 of ‎3]. For the sake of simplicity, in this contribution we use the term cell to refer to a [RAT, frequency] pair (as in, for instance E-UTRAN_f1). According to ‎3], the benefit of the AP concept is that it ensures that UEs camp on their preferred cells while minimizing the UE measurements.
The AP concept needs to address the following (so far not explicitly elaborated) issues:

1. Some entity (Operator through O&M, core network node, etc) needs to construct, modify and distribute the APs. This is an important part of the “load balancing” action, since the AP list will have major influence on which cells the UEs will camp on.

2. Each UE has to know which AP it belongs to.

3. Each UE needs to beable to find and identify the cells that belong to its AP.

The first aspect (AP construction) can be seen as part of the operation of the network and subscription management. From the RAN’s perspective, it can be assumed that the AP list is maintained by the core network and is made available through NAS signalling to UEs and via the S1 interface to eNBs.

For the second aspect (UE assignment) it seems necessary to use UE specific signalling or other UE specific means, like information on the SIM card. UE specific signalling can be, for instance, non access stratum signalling at LTE_ATTACH, or it can be based on RRC conection when the UE is in connected mode. Regarding the actual information that is signalled to the UE or stored on the SIM card, there are two alternatives:
1. ALT1: Each UE knows explicitly the members of its AP. That is, the UE is aware of the entire list that constitutes the AP.
2. ALT2: UEs are assigned a pointer (an identifier) of their assoiated AP rather that the entire list. For instance, a UE may be assigned to AP “B” at this point without specifying the actual meaning of “B” in terms of AP members (RATs and frequencies).

The approach to the third aspect above (searching for cells) depends on the solution to the 2nd aspect above. Specifically:
1. In the case of ALT1 (explicit list), the UE needs to search for the preferred types of cells. 
2. In the case of ALT2 (pointer), the eNB (and the legacy base stations) need to broadcast information about which AP (and specifically at which priority level) they support.
3 Camp Load Balancing in the Offset Setting Approach

In order to do lod balancing with the the offset based approach, the following aspects need to be taken into account:

1. In order to save UE battery power, the cell needs to broadcast Sintrasearch and Sintersearch threshold values. This allows the UE to start measurements only in the case the signal strength and quality drops below such thresholds.

2. In order to steer UEs to preferred RATs (de facto a preference list), and also in order to achieve camp load balancing, a UE specific information (such as the UE specific offset values) is necessary. 
4 A Comparison of the Access Pipe and the Offset Based Approaches
Based on the discussion in Section 3 and Section 4, we can conclude that in both slutions there is a need to signal UE specific information (via NAS, previous RRC connection, etc) to each UE. The major difference is that this information in the AP is absolute (absolute priority), whereas in the UE specific offset it is relaive (offset with respect to two compared frequencies/RATs). The set of the pair-wise relative offset values effectively make up a “priority list” similar to those in the AP approach.
From the text proposal in ‎3], it is clear that there is a need to properly configure SServingCell, Sintrasearch, Snon-intrasearch, Treselection, Qoffset s,n and Qhyst parameters with and without the AP like priorities, so there is no difference in terms of system information broadcast. The major difference between the two approaches is what information is included in the UE specific signalling (as discussed above).
The following table gives an overview of the differences between the two approaches.

	Aspect (Driver or Limitation)
	Access Pipe (AP)
	Offset

	Load Balancing Capability
	UEs belonging to the same AP tend to camp on the same cells within a multi-cell site coverage area. LB between UEs belonging to different APs is supported.
	LB is supported via UE specific offset values, thereby LB granularity is arbitrary (individual UE level or large group of UEs having the same offset values).

	Subscription Driven Cell Reselection
	Since AP identity can be associated with subscription identity, this is possible. 
	UE individual (“default”) offset can be associated with subscription data, therefore subscription driven cel reselection is possible.

	System Broadcast Overhead
	Small or none apart from the system wise offset values as proposed in the TP of R2-073069. 
	Since the UE individual offset values are not broadcast, similar to the AP approach.

	UE Battery Consumption (DRX Support)
	UEs do not need to perform measurements when camping on the highest priority RATs/frequencies. Limited measurements when camping on a high priority RAT/frequency.
	Depends on the individual setting of offset values. If the offset values are properly set, similar to the AP.

	NAS Signaling
	Each UE may need a complete list of its access pipe. In the case of long AP lists, this can be significant.
	Each UE may need a list of pair-wise offset values. In  case of a many available RATs/frequencies, this can be significant.

	Complexity (Setting Up, Configuring, etc)
	Fairly straightforward, since each frequency/RAT has its own absolute priority.
	May be more complicated, although the generation of proper offset values can be automated and fine tuned successively.

	Impact on Legacy Systems
	Legacy systems NAS signalling may be impacted.
	Legacy systems NAS signalling may be impacted.

	Handling of heterogeneous tracking areas
	Requires handling rule for the case when certain all possible all list members of a given AP are not found in a tracking area.
	Inherently falls back to “default” cell reselection methods in which the individual offsets are not employed.


5 Conclusions
In this contribution we discussed the key characterisics of the recently proposed two solutions to camp load balancing and operator policy and subscription driven idle mode mobility. From the provided analysis we conclude that the two schemes provide similar traffic steering capabilities with similar system information broadcast and NAS signalling overheads. Therefore, introducing a new, LTE specific concept such as the access pipe concept seems difficult to justify, unless additional benefits of the access pipe concept can be shown.
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