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1. Introduction 

In [1] a first discussion of the topic Network Discovery and Selection (NW-DS) for SAE was presented. There the status in pre-SAE was analysed and the problem illustrated. Some high-level principles for SAE were then captured in [2].

In a companion paper [3] a baseline for NW-DS in SAE is described, proposing that existing mechanisms in 3GPP and I-WLAN access shall be extended and mandatorily supported. Yet, limitations are known from pre-SAE and will remain.  

In this contribution we analyse in more depth how enhanced NW-DS could be performed in SAE, for the purpose of further improving handovers between 3GPP and non-3GPP access systems.
2. Discussion
2.1 Boundary Conditions for Enhanced NW-DS in SAE
These principles regarding NW-DS for non-3GPP accesses have already been captured in the SAE study (chapter 7.21 of [2]):
· “It is necessary to optimize NW-DS procedures for frequent mobility events.”
· “It is desirable that the concept for NW-DS in SAE supports effective means for minimizing processing.”
· “It is necessary to develop or adopt new, more efficient mechanisms, for both idle and active mode (where this differentiation is applicable).”
The following principles are additionally assumed to be valid:

a) Normally UE initiates HO with non-3GPP (but it is not excluded that the serving NW initiates HO, e.g. in case or danger of overload or due to operator’s policy). For decision on HO to/from non-3GPP access therefore UE needs support information for NW-DS.
b) The NW always authorizes the HO. Data for HO authorization and NW-DS therefore are in close relationship. 
c) Automatic NW-DS procedures are required for support of mobility within SAE. Additional features related to manual procedures are FFS.

d) Granularity for NW-DS procedures in SAE needs to be reduced. This e.g. means that PLMNs, RATs and WSIDs are no longer enough; smaller entities like TAs, cells, AP-Ids and the like may be envisaged as usable entities in these procedures. 

2.2 Potential Triggers for Enhanced NW-DS in SAE
Within 3GPP accesses no other NW-DS procedures are necessary than those available in 3GPP active and idle mode handling (comparable to, but extrapolated from 2G/3G). This comprises e.g. radio measurement, cell (re)selection and PLMN selection procedures.

With integration of non-3GPP accesses there are principally two paths one can take: 

(1) corresponding extensions for every new non-3GPP access technology: regarding radio measurements this seems feasible, but concepts corresponding to cell (re)selection and PLMN selection do not exist in non-3GPP accesses.This would introduce strong coupling between access systems and dependencies. Further, it would not be applicable without further extensions for mobility between two non-3GPP technologies.
(2) Separate and special treatment of non-3GPP accesses. It decouples access systems more and introduces less dependencies. Further analysis in this paper is based on this approach. 
Figure 1 shows schematically mobility procedures within and between accesses (intra and inter access). Intra 3GPP procedures are described elsewhere and out of scope here. (Note: applicability of intra access in non-3GPP, e.g. IEEE 802.11r or roaming in WiMAX is FFS.) NW-DS procedures may be related to any of these mobility procedures.
In fig. 1 the yellow arrow (1) between 3GPP access and EPC indicates NAS signalling, i.e. 3GPP idle mode handling of type TAU/RAU and PLMN selection. The yellow arrow (2) signifies active mode (HO) procedures within 3GPP access. Note that in course of HOs also (1) may be performed. (0) labels the cell (re)selection procedure.
The red arrows (3) and (5) indicate procedures during the equivalent of idle mode in non-3GPP accesses 1 and 2 (if applicable).  E.g. in WiMAX also a power saving state is defined, so 5 would apply.

Arrows (4) and (6) denominate HO procedures during the equivalent of active mode within these accesses. 
Arrows (7) and (8) mark inter access HO between different accesses, 3GPP or non-3GPP. Up to now it is a working assumption in SA2 that these occur on L3 via the EPC and that no direct interfaces, thus also no direct information transfer, exists between such non-3GPP accesses.  

[image: image1] Figure 1: mobility procedures to be considered for NW-DS
The following table describes in more detail how these cases may be related to enhanced NW-DS and gives examples:
	Case
	Description
	Relation to NW-DS

	0
	Cell (re)selection
	measurements; UE knows cell-id (but EPC not), thus potential trigger for delivery of NW-DS support information on demand. UE may optimize scanning of non-3GPP radio, based on cell id.

	1
	3GPP idle mode procedures with NAS signaling
	

	
	a
	RAU/TAU
	Potential trigger for delivery of NW-DS support information (e.g. knowledge that within a particular TA there is no WLAN hotspot)

	
	b
	PLMN (re)selection
	Potential trigger for delivery of NW-DS support information (e.g. loading list of WLANs with which this PLMN interworks)

	2
	3GPP active mode HO 
	measurements; both UE and EPC know cell id, thus potential trigger for delivery of NW-DS support information on demand by UE or push by network. UE may optimize scanning of non-3GPP radio, based on cell id.

	3
	I-WLAN mobility with information exchange with EPC
	Potential trigger for delivery of NW-DS support information (e.g. SSID changed, with new ePDG allocated)

	4
	I-WLAN mobility without information exchange with EPC 
	Potential trigger for delivery of NW-DS support information (e.g. AP may be changed, AR, SSID and ePDG remain the same)

	5
	Similar to 3, but in WiMAX
	Potential trigger for delivery of NW-DS support information (e.g. new FA or PMA) 

	6
	Similar to 4, but in WiMAX
	 Potential trigger for delivery of NW-DS support information (e.g. new BS ID)

	7, 8
	Inter access HO
	Potential trigger for delivery of ND-DS support information (e.g. delivery of preferred partner NWs)

	9 
	Initial attachment (from any access)
	General trigger for delivery of NW-DS support info


2.3 Analysis of Data Provisioning Options and their Dynamics
In [1] different sources/stores for provisioning of data related to NW-DS were shown: in UE/USIM, in access NWs (both 3GPP and non-3GPP), in VPLMN and HPLMN core NWs, and in services/external databases. Combinations are of course not excluded. (Note: from where this data is gathered is a separate question and not discussed here.) Similarly, in [4] and [5] a dedicated database and methods for querying it were proposed. 
Yet, no concrete conclusion has been drawn so far and the topic is still open. We try a concise analysis here, so that a proposal for an enhanced mechanism for NW-DS can be made:

a) UE/USIM: quasi-static; provisioning may be done repeatedly in push mode (OTA) from NW operator, but has no relation to any mobility event. No control by UE on the process. No need for new protocols or protocol messages. No impact on NW nodes and no need for standardization except data itself. Conclusion: resembles current model with extensions, does not seem to be sufficient.
b) Source access NW push mode, e.g. broadcast of information: range from quasi-static to dynamic (dependent on how dynamically access NW is able to refresh its information). New information elements in L2 needed. Not flexible for enhancements. Danger of overhead, if more detailed information is contained. If information pertaining to other access technologies is included, need for information exchange with other access NWs (OAM interface?). Unspecific to UEs. Dependence on support in non-3GPP access NWs (though it could be mandated for 3GPP access). Conclusions: means overhead, restrictions. Additionally complexity, if information is needed cross-wise (between access systems).
c) Target access NW push mode (broadcast): quasi-static in nature; for an actually envisaged HO only information about the own access system needs to be present. Unspecific to UEs. Depends on support in the access system. Conclusion: may be useful as a second level of NWDS.  
d) Source access NW pull mode, e.g. request/response in AS specific signalling: range from quasi static to dynamic (dependent on how dynamically access NW is able to refresh its information). New AS messages needed, thus flexible for enhancements. If information pertaining to other access technologies is included, need for information exchange with other access NWs (OAM interface). Specific to UEs. Dependence on support in non-3GPP access NWs (though it could be mandated for 3GPP access). Conclusion: adds complexity, especially if information is needed cross-wise (between access systems).
e) VPLMN core NW (visited EPC): existing NAS triggers, protocols and messages may be re-used. Transparent to (no impact on) access NWs. More centralized approach as b), but less centralized than d). Push and pull mechanisms possible. Local data can be utilized for roamers readily. Mobility events can be used as triggers. Dynamic handling possible, as needed. Conclusion: potentially useful as a basic mechanism.
f) HPLMN core NW (home EPC): similar to option d), but it is more centralized. The advantage is then that complexity is avoided, but as a disadvantage local data cannot be directly used (would need to be fed into HPLMN database first). User specific data will typically stem from HPLMN, in VPLMN this data is on a higher granularity regarding users (e.g. groups according to some usage pattern). Conclusion: potentially useful as a mechanism. 
g) Services/external servers: no relation to procedures in the NW, thus application level. Arbitrary complex data and level of detail can be handled. UE controlled, but push mode can be also realized. Independence of mobility events in the NW, or UE has to synchronize with them. No control by NW operator. Conclusion: needs further study, but not first choice. Could be part of an enhanced solution.
Overall, it seems that it is worthwhile to proceed with options e) and f), which probably can be merged, as a basic mechanism.
It then needs to be clarified which entity in EPC should contain such information, which we call NW-DS support information. Related is the question if it is seen as an entity in the control plane or in the user plane. In non-3GPP, this distinction is not so clear, though. For all of these three categories of reference points/interfaces there is a relation to NW-DS:

· such data matches well the “policy” category; if HO should become QoS aware, PCRF directly has to be involved in the selection 
· AAA interfaces are employed in authorization of handovers;
· user plane aspects are involved in QoS aware handovers and load handling; 

In figure 3 the current non-roaming architecture is depicted with a separate database, not tied to an existing entity. The final allocation is FFS. Reference points/interfaces seen potentially reusable for the NW-DS handling are marked in colour according to these categories.  

[image: image2]
Figure 2: potentially reusable interfaces for NW-DS
2.4 Handover Message Flow including NW-DS
Figure 4 shows a tentative message flow for handovers between 3GPP and non-3GPP accesses, including NW-DS.


[image: image3]
Figure 3: tentative message flow for handovers between 3GPP and non-3GPP accesses, including NWDS

1) The UE is attached to a PDN via EUTRAN.
2) The UE may request NW-DS support information from the NW-DS DB (location FFS). The detailed contents of this is FFS, but it should include information so that the UE can minimize its scanning and/or probing of non-3GPP accesses. The trigger may be taken from measurements (degrading LTE radio), other NW related data available to the UE (cell id, TA) or a timer (other triggers FFS). 
3) UE scans and probes mostly only those non-3GPP accesses which where indicated in the NW-DS support information. Additionally, the UE may do a full scan on its radio interface(s). In this step additional information required for NW-DS can be acquired (FFS).
4) UE selects a NW and decides to perform HO.
5) The attach procedure for the selected access is performed (including authentication, authorization etc.). The details of this step is currently described in informative annex C of TS 23.402 per different mobility mechanism.

6) The UE is connected  to the PDN now via the non-3GPP access.

7) The UE may request again NW-DS support information from the NW-DS DB (see step 2). This may be due to a timer or other trigger (FFS).
8) The UE may do optimized scanning for LTE radio, based on the information received in step 7.

9) The UE decides to perform HO to EUTRAN and selects PLMN and cell. 
10) The UE attaches to EUTRAN and performs HO.

11) The UE is connected to the PDN now again via the EUTRAN.

3. Proposal

It is proposed to consider above analysis and discussion in the further work of SA2. As currently the work related to 3GPP and I-WLAN specific NW-DS is done in SA1 and CT1 (TS 22.011, TS 23.122, TS 24.234), the work split for enhanced concepts should be discussed.
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