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1. Introduction

This document examines the two protocol architectures proposed in [1].

2. Discussion

2.1. Design philosophy

From the standpoint of general protocol architecture, a positioning transaction typically takes place between the E-SMLC and the UE (except for network-based positioning).  In addition, for certain cases such as downlink positioning (OTDOA), other entities such as the eNode B may be involved as sources for assistance data.  However, the identity of these nodes is not actually relevant to the positioning operations; from the perspective of the UE being positioned and the LCS client for whom the position is being computed, the quality of the assistance data is important, but the source of the data is not.

This situation argues for a protocol that insulates specific sources of assistance data (which of course do need to be known to the E-SMLC, but not to other parties in the positioning operation) from the fundamentally end-to-end operation of performing positioning on a UE.  Alternative 2 is consonant with this approach, whereas Alternative 1 involves the eNode B in all positioning transactions, even for such methods as A-GNSS where there is no functional reason for it to be aware of the operation at all.  Moreover, the “double protocol” approach of Alternative 1 requires messages to be duplicated across two protocols, even in the case that they are intended to be functionally transparent to the eNode B—e.g., a message to provide UE capability to the E-SMLC would need to be defined in both the LPP1 and LPP2 links.

It should also be noted that the protocol architecture provided by SA2 (Figure 6.2.10 of [2]) uses an end-to-end “LPP” layer similar to Alternative 2.
2.2. eNode B implementation
Alternative 1 introduces eNode B complexity for support of positioning in several ways.  Most obviously, the eNode B becomes responsible for protocol translation between LPP1 and LPP2; even an eNode B that has no intrinsic need for positioning support requires endpoints for these protocols in case it finds itself used as transport for an eNode B-transparent positioning method (e.g., A-GNSS between the UE and the E-SMLC).  A simple “blind copy” implementation of the protocol endpoints would suffice for these eNode Bs, but this would be an unsafe implementation practice since the two protocols cannot actually guarantee that their PDU formats will always be bit-identical—it seems more likely (and certainly more robust) even for eNode Bs without a need for positioning support to have actual protocol implementations for LPP1 and LPP2, with some attendant complexity and expense.  In fact, there is general impact to the NAS layer in all eNode Bs, since each NAS transport message on RRC or S1 must be inspected to determine if it contains an LPP1/LPP2 message.  (As a consequence, positioning support becomes impossible with legacy eNode Bs, even if the UE, MME, and E-SMLC are all upgraded for positioning support.)

More significant, however, is the additional eNode B complexity incurred by Alternative 1 for management of OTDOA assistance data.  Because Alternative 1 models this assistance data as actually being inserted into UE-bound messaging by the eNode B, a single eNode B must have the capability to provide information not only about itself but about a large set of neighbours.

The exact size of the “positioning neighbour” set, i.e., the number of eNode Bs whose positioning reference signals can be expected to be visible to the UE, naturally varies with deployment and environment assumptions, but the PRSs are specifically intended for increased “hearability” as compared to the common reference signals—thus it seems certain that the “positioning neighbour” set will be larger than the number of “ordinary” neighbour cells for any given eNode B.  Under Alternative 1, each eNode B must contain the logic to manage positioning data for this set, and means for the propagation of the needed information would also have to be provided—it seems likely that the eNode Bs would need to coordinate over the X2 interface, meaning that each eNode B would require a large number of logical X2 endpoints, the amount of X2 traffic would increase by an unknown amount, and some impact on the X2 protocol could be expected to allow propagation of the assistance data. Most dangerously, each eNodeB might have to send the same local positioning data to a large set of adjacent eNodeBs, thereby multiplying the amount of positioning related signalling over the X2 interfaces.
By comparison, in Alternative 2 it is assumed that each eNode B might know only about itself, with the E-SMLC bearing the extra complexity of coordinating assistance data – which only needs to be sent once by each eNodeB rather than multiple times, assuming a single E-SMLC, or a single cluster of cooperating E-SMLCs, is assigned to manage location for each eNodeB.  (In an asynchronous system, however, there would still need to be some mechanism to discover the relative timing of different eNode Bs.  In some cases this discovery should be possible based on each eNode B providing its timing relative to some internal system clock time; in others there may be a need for additional mechanisms.  The requirements for synchronisation are still under discussion in RAN1.)
2.3. SUPL compatibility
By design, Alternative 2 provides an end-to-end protocol that in the SUPL setting can be used between the SLP (the SUPL equivalent of the E-SMLC) and the SET (the SUPL mobile endpoint at the UE).  Assistance data from eNode Bs can be provided to the SLP using LPPa through an E-SMLC, using the (unfortunately named) Llp interface (Figure 6.2.5-1 of [2]).

In Alternative 1, the apparent intention is for the SLP to support LPP1, i.e., to present to the SET the same interface that in the control-plane design is presented to the UE by the eNode B (not the E-SMLC).  There is some impact on server design from this approach, since the SLP and E-SMLC now need to implement separate protocols; the (reasonably typical) case of a combined SLP/E-SMLC becomes more complex to design.  OTDOA assistance data would be retrieved by the UE from the serving eNodeB using LPP1 as for the control plane solution, creating a critical dependency between E-UTRAN access and SUPL. For example, a UE accessing UTRAN or GERAN or WiFi could not be positioned using the LTE version of OTDOA even if the UE was able to periodically switch away to make accurate measurements of nearby eNodeBs. With alternative 2, such extended positioning with SUPL would not be limited.
While both alternatives are functionally compatible with SUPL, the complexity and limitations involved in operating SUPL with Alternative 1 are markedly higher.

2.4. Relation of protocols to positioning methods

This section summarises the protocols that are involved in various positioning methods.  The analysis here includes models of UE-involved E-CID positioning methods; although their support is FFS in the current specification, it is clear that there is some interest in supporting them.

The requirements for Alternative 1 are shown in Table 1.

	Method
	UE
	eNB
	Server (E-SMLC/SLP)

	OTDOA (C-plane)
	LPP1
	LPP1+LPP2
	LPP2

	OTDOA (U-plane)
	LPP1
	LPP1
	LPP1

	A-GNSS (C-plane)
	LPP1
	LPP1+LPP2
	LPP2

	A-GNSS (U-plane)
	LPP1
	-
	LPP1

	E-CID (network-based)
	-
	LPP2
	LPP2

	E-CID (UE-involved, C-plane)
	LPP1
	LPP1+LPP2
	LPP2

	E-CID (UE-involved, U-plane)
	LPP1
	LPP2 (Note 1)
	LPP1+LPP2


Table 1: Protocol implementation requirements (Alternative 1)
Note 1: The requirement for LPP2 in UE-involved E-CID over SUPL depends on the specific supported forms of E-CID.  Some E-CID methods, e.g., using neighbouring cell signal strength measurements delivered directly from the UE, could avoid the need for involvement of the eNB.

The case of OTDOA over SUPL in Table 1 requires some explanation.  An LPP1 session, carried over the user plane, is required between the server and the UE for the actual positioning transaction; in addition, another LPP1 session over the control plane is required between the UE and the eNode B for delivery of assistance data.
The requirements for Alternative 2 are shown in Table 2.

	Method
	UE
	eNB
	Server (E-SMLC/SLP)

	OTDOA (C-plane)
	LPP
	LPPa
	LPP+LPPa

	OTDOA (U-plane)
	LPP
	LPPa (Note 1)
	LPP+LPPa

	A-GNSS (C-plane)
	LPP
	-
	LPP

	A-GNSS (U-plane)
	LPP
	-
	LPP

	E-CID (network-based)
	-
	LPPa
	LPPa

	E-CID (UE-involved, C-plane)
	LPP
	LPPa (Note 2)
	LPP+LPPa

	E-CID (UE-involved, U-plane)
	LPP
	LPPa (Note 2)
	LPP+LPPa


Table 2: Protocol implementation requirements (Alternative 2)
Note 1: LPPa is used for user-plane OTDOA only for the provisioning of assistance data in the SLP (via the E-SMLC).  Other mechanisms of supplying this information to the SLP could obviate the need for LPPa in this case, though they would be outside the scope of the specification.
Note 2: The requirement for LPPa in UE-involved E-CID cases depends on the specific supported forms of E-CID.  Some E-CID methods, e.g., using neighbouring cell signal strength measurements, could avoid the need for involvement of the eNB.

The largest differences to be seen here are in the requirements on the eNode B.  Under Alternative 2, the eNode B only has to implement an LPPa endpoint, and not even that for certain cases—A-GNSS, and SUPL-based OTDOA under certain assumptions about provisioning of assistance data, can be implemented in a manner entirely transparent to the eNode B.

By contrast, Alternative 1 requires various implementations of LPP1 and LPP2 endpoints in the eNode B, even for control-plane processing not involving the eNode B (e.g., control-plane A-GNSS), and actually requires a control-plane LPP1 session between the UE and the eNode B in order to support OTDOA over SUPL!
3. Conclusion
In line with the above analysis, we propose that RAN2 agree to select Alternative 2 as the protocol architecture for positioning and agree to the attached text proposal to align the specification with this assumption.
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