SA WG2 Temporary Document

Page 1

SA WG2 Meeting #103
S2-141684
19 - 23 May 2014, Phoenix, Arizona, USA
(revision of S2-14xxxx)
Source:
Broadcom Corporation, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
WLAN Interworking: OPI
Document for:
Approval 
Agenda Item:
6.3.3
Work Item / Release:
UTRA_LTE_WLAN_interw-Core
Abstract of the contribution: This contribution proposes the handling and definition of OPI.
1.
Introduction

A new WID was approved at SA#63 [1] for SA2 to address SA2 aspects work started by RAN2 [2]. Amongst a number of items to be dealt with by SA2 is the OPI (Offload Preference Indicator), in scenarios with ANDSF.

RAN2 whilst agreeing a 2-bit indicator is needed could not agree what it is or how it is used (even the name was controversial). The definition and handling of OPI was left for SA2 to address as part of their WID. The LS from RAN2 [2] indicates:

The following parameters may be signalled by the RAN and used by the ANDSF:

Offload Preference Indicator (OPI)

The OPI value signalled by the RAN is compared to a comparison-value provided in the ANDSF policy using an “equal to”-comparison (e.g. OPI_pointer = OPI value) or a “greater/less than” -comparison (e.g. OPI_threshold ≥ OPI_value) or can be compared to a bitmap (e.g. a set of allowed OPI values) to trigger specific actions, e.g.:

1. OPI can be used in ANDSF to differentiate subscriber sub-groups, i.e. gold/silver/bronze. For instance, different subscriber sub-groups may have different OPI thresholds/pointers in their ANDSF policies, so that bronze users are offloaded to WLAN first (when cellular load slightly increases) and gold users are kept on LTE till LTE capacity allows so.

2. OPI can be used to differentiate between traffic types, e.g. ANDSF ISRP policies for different IP flows may have different OPI thresholds/pointers so that best effort traffic is offloaded to WLAN first (when cellular load slightly increases).  

3. OPI can also be used to trigger specific parts of ANDSF policies and/or ANDSF MOs, OPI may be signalled to the UE in the form of a bitmap which can be compared to a bitmap [e.g. a set of allowed OPI values] stored in the ANDSF to trigger specific parts of ANDSF policies and/or ANDSF MOs.  In this case OPI value might be considered as kind of ANDSF MO index if there are multiple ANDSF MOs.  

Furthermore the discussions during SA2#102 recorded several other requirements on the OPI:

1. In case of RAN sharing among different PLMNs, a different OPI value may be used by RAN for each PLMN.

2. It should not be possible to infer the cell load from the OPI value.

2.
Discussion

2.1
OPI Signalling

RAN sharing shall be supported with OPI, therefore the eNB needs to be able to broadcast a different OPI for each of the PLMN it is shared with. It is up to RAN2 to determine the most signalling efficient means to do so (enumerated list, bitmap etc). 
Proposal 1: SA2 should recommend RAN2:
To define a signalling from the eNB that allows to indicate a different OPI value for each of the PLMNs with which the eNB is shared. It is up to RAN2 to determine the most signalling efficient means to do so (enumerated list, bitmap etc.)

In addition, the eNB shall indicate a different OPI value that is intended to be read by roamers.

2.2
Use of OPI

Some companies have expressed concerns on the broadcasting of an OPI value and the derivation that could be made from it to assess the network load. While we do acknowledge this concern, we believe it is strictly only a matter of definition of the OPI and its mechanism: essentially, an OPI value shall not be specified as being associated with a given [3GPP] network load, i.e. there shall not be a specified relation of equivalence between an OPI value and a network load figure. This is completely independent of the semantics of the OPI itself. Furthermore, an operator should also be able to use and set the OPI as it sees appropriate based on what the specifications allow. 

Proposal 2: There shall be no specified relation of equivalence between an OPI value and a network load figure.

As a side note, it should also be remembered that a number of access control mechanisms have been and are still being specified from which a link with network load could be envisaged, even if not meant to be used under normal conditions (although this is likely changing e.g. with the ongoing work on ACDC).

The OPI value signalled by the eNB and received by a UE would be assessed by the UE against the OPI configured in its ANDSF policies in order to determine whether or not offloading to WLAN can take place. This determination (when and what to offload) may also take into account other RAN cellular information like the relation between the measured values for RSRP and RSRQ and their thresholds set by RAN. 

Increasing the LTE RSRP threshold below which WLAN offload may take place results in more UEs offloading traffic (the corresponding RSRP coverage edge being reduced) compared to a lower RSRP threshold, while the effect of increasing the RSRQ threshold below which WLAN offload may take place is that more UEs with lower quality reception (e.g. to co-channel and neighbour cells interferences) will offload traffic compared to a lower RSRQ threshold. RSRP/RSRQ thresholds apply to all UEs without distinction.  In contrast OPI should allow the user to define offload policies that should be meaningful, simple and also allow a minimum interaction between the RAN and the EPC. 

The OPI value, a parameter set by RAN, is only relevant in scenarios with ANDSF for traffic steering. 

It is also necessary that the 3GPP system introduces means for cellular offload not to yield WLAN overload i.e. it should be possible to control the rate at which WLAN offload takes place. Alternatives 2 and 3 in the LS from RAN2 could in fact create a traffic surge on WLAN. On the contrary, alternative 1 could allow throttling the offloading to WLAN, not only per group of UEs configured with the same OPI value but also within a particular group. For a given PLMNa, the eNB could indicate the “offloadable” group(s) by means of the OPI and their associated offload status.
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Figure 1. Indication from the eNB per PLMN

The simplest way to achieve the above with minimum ANDSF configuration is as follows:

· As part of an ANDSF policy/information rule for traffic routing, to configure the UE with at most one OPI value.

· The (e)Node B indicates precisely for each PLMN with which it is shared, the UEs that are subject to being offloaded, by setting the corresponding OPI value(s) as well as a corresponding offload ratio. When other offloading criteria are fulfilled (load, radio conditions, as being discussed in RAN2), UEs configured with such OPI value would then proceed with offloading to WLAN as per their active+valid ANDSF policy+rule according to the indicated offload ratio.

There are two ways to realize the above in RAN, A1) and A2) below:

	Option
	Offload ratio
	ANDSF Policy/Information rule (OPI)
	RAN
	Pros/Cons

	A1)
	The eNB indicates an offload ratio by means of a numerical value between 1 (0, see note) and N, for each active OPI. Any UE configured with the same OPI value then draws a random integer nr. between 1 and N, with a uniform distribution. If this random nr is lower or equal to the offload ratio indicated by the eNB then offloading to WLAN is permitted/required as per the UE’s applicable ANDSF policy+rule.
	The UE is configured with one OPI value (1..m).

There is at most one OPI per applicable ANDSF policy/information rule.
	For each PLMN, offloaded group(s) of UEs sharing the same OPI value, and for each of these groups, applicable offload ratio (numerical value)
	Pros: Simple ANDSF configuration. Offers offloading granularity per group of UEs having the same OPI and within each group at an adjustable offload ratio (min 1/N granularity). Offload ratio within a group of UEs under full RAN control and independent of ANDSF configuration. 
Dedicated control of individual UEs in connected mode. 

Cons: No finer than “per group of UEs with the same OPI” UE control in idle mode when offloading is on and below 100%, due to the randomly drawn nr at the UE side. This is not deemed a showstopper.

	A2)
	The eNB indicates an offload ratio by means of the Access Classes 0…9 for each active OPI (A UE always belongs to a randomly assigned access class among 10 access classes see 3GPP TS 22.011). Namely, the eNB provides a 10-bit bitmap where a 1 indicates that for UEs with the corresponding OPI and AC offloading to WLAN is permitted/required as per the UE’s applicable ANDSF policy+rule. 
	
	For each PLMN, offloaded group(s) of UEs sharing the same OPI value, and for each of these groups, 10-bit AC bitmap. 
	Pros: Simple ANDSF configuration. Offers offloading granularity per group of UEs and within each group at an adjustable offload ratio (min 10% granularity). Offload ratio within a group of UEs under full RAN control and independent of ANDSF configuration. 
Dedicated control of individual UEs in connected mode. 

Cons: 
Requires more radio interface signalling than A1. No finer than “per group of UEs with the same OPI” UE control in idle mode when offloading is on and below 100%. This is not deemed a showstopper.

	Note: The obtained min granularity is 1/N (N=100 means a 1% granularity). If A1 is preferred, RAN2 should then determine whether the min numerical value is 1 or 0, according to what is most signalling efficient; 0 (i.e. no offload) implies there would be no separate on/off indication, but would require the numerical value be always included, for each UE group. 1 would require a separate on/off indication for each UE group which could simply be whether this numerical value is present (on) or not (off) for a given group.


Table 1: OPI options for Alternative 1 (subscriber sub-groups)

The OPI should be coded with a sufficient number of bits such as to allow the distinction of an adequate number of different “groups of UEs” sharing the same OPI value. These groups may be but need not be hierarchical however this should be clearly specified (esp. relevant in roaming scenarios). A 4-bit OPI is deemed sufficient.

Both A1 and A2 are equally simple, however it should be noted that A1 consumes much less signalling space than A2 to achieve finer granularity while it is also independent of Access Classes:

· A1) per PLMN: 4 bits (OPI) + 4-bit offload ratio reaches a 6.25% granularity.

· A2) per PLMN: 4 bits (OPI) + 10-bit bitmap reaches a 10% granularity.

Based on the above, option A1 is preferred, and proposed as a way forward.  RAN2 should determine the most signalling efficient means to signal OPIs with associated offload ratios.

It should also be considered whether the use of OPI be such that OPI=i implies either that only UEs configured with OPI=i are “offloadable” (i.e. pointer) or all UEs configured with any OPI in 1…i  are “offloadable” (i.e. threshold). OPI as a pointer implies that the RAN should be able to indicate a multiplicity of applicable OPIs for each PLMN while an OPI as a threshold implies that the RAN need only indicate a single OPI for each PLMN. Both approaches are simple and feasible, with the pointer option likely offering more flexibility to an operator. 

Proposal 3: We recommend SA2 proceed in Release 12 with introducing the OPI in ANDSF as a numerical value to allow differentiation of e.g. subscriber sub-groups such that the RAN can in turn decide which group of UEs (i.e. sharing the same OPI) are to be offloaded. Having more than 2 bits to represent the OPI value would allow a finer offloading granularity. We recommend the use of 4 bits in representing the OPI which would be sufficiently future-proof. 

We also recommend RAN2 defines means for the eNB to signal the applicable OPI(s) as pointers or thresholds  (a single option should be specified), each associated with a corresponding offload ratio. (OPI as thresholds is also possible, though not as flexible).
The offload ratio is a numerical value between 1 and N
 signalled by the eNB such that a receiving UE configured with the indicated OPI draws a random number between 1and N to determine whether offloading to WLAN is permitted or required (random number lower or equal to the offload ratio from the eNB) or not (random number greater than the offload ratio from the eNB) and proceeds with the applicable ANDSF policy+rule. The offload ratio is not part of the ANDSF policy. The random number drawn by the UE for a given OPI remains valid until a new offload ratio is indicated as long as the OPI remains valid, the OPI is no longer valid, or the UE changes cell, whichever occurs first.

The figures below illustrates how the above proposals A1, A2 would operate. Note that on the eNB side, a single OPI and associated Offload Ratio is shown (although as explained beforehand there may be a number of OPI+Offload ratio for each PLMN).
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Figure 2. eNB SIB parameters (for the applicable PLMN) and ANDSF information, with OPI
Note the picture shows a single OPI and Offload ratio, but as shown in Figure 1, a different indication may be provided by the eNB for each PLMN.
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Figure 3. Options A1 (preferred) and A2

2.3
Definition

Based on the proposals in §§2.1 and 2.2, a definition of OPI is proposed. Note that the definition includes both threshold and pointer approaches, but only one should survive.

Proposal 4, definition: Offload Preference Indicator (OPI): The OPI allows RAN to indicate for each PLMN whether a UE is to offload to WLAN when other offloading criteria (load and radio conditions, see RAN specifications) are fulfilled. A UE may be configured with ANDSF policies that may contain multiple OPI thresholds/pointers, with at most one OPI threshold/pointer per rule. If RAN indicates that in a given cell of the serving PLMN there is no OPI value signalled, any evaluation against an OPI threshold/pointer in an ANDSF policy shall be skipped and the condition shall be considered met.

3. Conclusions

This contribution recommends: 

· the introduction of an Offload Preference Indicator (OPI) part of ANDSF policy/information for traffic routing such that there be at most one OPI per rule. 

· the possibility for the eNB both 

· to indicate in a cell for each PLMN sharing the cell the “active” OPI(s), and 

· for each active OPI to control the rate at which offloading takes place by means of an indicated offload ratio UEs shall comply to.

· No relation of equivalence be specified between a given network load and an OPI value.

· The definition of OPI.

We believe this simple proposal offers useful and adequate functionality in Rel-12 with minimum configuration needs in the ANDSF, with accurate control by the RAN on a cell basis and without any disclosure of or relation to network load in a cell. 

Further enhancements could be considered in Rel-13.
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� A 3-bit offload rate would yield a 12.5% granularity while a 4-bit offload rate would yield a 6.25% granularity.
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