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1.
Introduction

The potential benefits and also the disadvantages of integrating the HSPA RAN to the SAE architecture and connectivity to the Evolved Core Network are described in [1].
This document goes into more detail to describe how a migration to SAE could be realised. It contains some ideal approaches from a performance point of view that Vodafone feels are worthy for further analysis within the HSPA Evolution Feasibility Study, and should help 3GPP to identify what level of migration is worthwhile also considering complexity. 
2.
Current situation for utilisation of UTRAN and LTE

The SAE/LTE architecture is shown in figure 1 in pink. The existing UTRA architecture is shown in black in the picture below. It is shown in figure 1 that it should be possible to co-locate eNode B and UTRA Node B in the same physical site.
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Figure 1: UTRAN and LTE/SAE

3.
Possible alternative for evolving UTRAN architecture towards SAE architecture

The major difference between the S1 and Iu functional split stems from the different termination points for the encryption streams. This in turn leads to the positioning of the SAE/LTE header compression – the equivalent of the UTRAN PDCP - in the MME/UPE. The rationale behind the placement of these functions was because it was agreed to collapse some of the more delay-dependent RNC functionality into the Node B for the LTE system in order to improve system performance, and there were concerns from SA3 in putting security in the eNode B.
If the collapsing of the architecture is introduced into Release 8, then in a migratory approach for HSPA, it could be feasible to re-use some of the benefits of the UPE functions in the same way as used for LTE/SAE. 

An architecture that enables the migration of UMTS to the SAE architecture is shown in figure 2. 
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Figure 2: Possible composite UTRA architecture to support release 8 and pre-release 8 UMTS mobiles.

3.1
Description of the architecture (from figure 2)

The following concepts are introduced in this architecture:

· The RNC functionality for “release 8 UMTS mobiles” is placed within the BTS site. 

· S1 should be able to operate in a “flex” manner and hence provide ‘reliability and redundancy’ above the BTS site.

· Movement of the SRNC into the BTS site and the adoption of S1 signalling mechanisms should permit the “SAE/LTE style” fast idle to active transition. As a consequence, the URAs used by Rel’8 UEs may be constrained to one BTS site.

· Legacy UE connections linked back to legacy CN/UTRAN even when connected to eHSPA Node B.

· Handover of a release 8 UE from a release 8 “eHSPA Node B” to a legacy node B is the same as an LTE to legacy node B handover.

· MBMS can be probably handled in the same way as LTE for the Release 8 UEs.

To permit this architecture, the following user plane protocol stack (Figure 3) could be used. 
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Figure 3: User plane 

With this stack, the SAE encryption/PDCP/header compression is used between the UE and the MME/UPE. The existing UMTS encryption and header compression are never switched on (the existing UMTS signalling seems to contain this capability) (alternatively, e.g. if it is simpler, they can be switched on in a “double encryption manner”).
There would be a need for some sequence number mapping here so that the UE could maintain synchronisation of the ciphering. However, this anyway needs to be solved for LTE in the same way.
This stack has some impact on the UE – however it has some similarities to GSM/GPRS mobiles where the GRPS stack is implemented on top of disabled GSM layer 1 encryption. UE manufacturers have already been requested to provide guidance on this in [1].
The corresponding control plane protocol stack is shown in figure 4 below;
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Figure 4: Control plane 

In this control plane protocol stack, the RRC messages are integrity protected but not encrypted (unless “double encryption” for the user plane is used (meaning that the RLC layer in the eHSPA Node B also has encryption activated)).

4.
How this architecture would look with soft handover

The architecture in figures 2/3/4 does not show how uplink soft handover is handled between Node Bs for the Release 8 mobiles.
The addition of soft handover to this architectural concept is somewhat complex. It seems desirable to keep RRC in the Node B to improve call setup times. However if this meant collapsing the whole SRNC, this would mean that there would be new outer ARQ above the layer that is doing the macro-diversity combining between Node Bs. Requiring RLC to sit on top of the macro-diversity combining to handle any necessary retransmissions enables to maintain the closed-loop approach to RLC acknowledged mode, whilst still allowing to provide feedback to the Node B on the required SIR targets. 
One approach to solve this is to split the RLC entities between the RLC transporting the RRC signalling radio bearers, and the RLC transporting the radio bearers for user data. Vodafone has not found any restriction that does not allow this capability in today’s specifications. However feedback on this assumption would be appreciated. It may even be possible to split the RLC control channel and RLC data channel onto different logical channels, and feedback on this is also requested.
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Figure 5: Architectural concept with soft handover

4.1
Description of architecture

The following concepts are introduced in the architecture outlined in figure 5:

· The CRNC and the radio protocol control plane SRNC functionality for “release 8 UMTS mobiles” is placed within the BTS site

· RRC and (at least RLC) for the RRC Signalling radio bearers in serving eHSPA Node B. This means that the RRC part of call setup time can be minimised based on its location. It also means that RRC does NOT get the benefit of soft handover. However it is likely that the capacity reduction because of this could be small.

· RLC user plane and MAC-es (combiner) placed in UPE. This allows not having to relay user plane back down to the serving eHSPA Node B (and thus increasing RLC RTT), hence allowing RLC round-trip time to be maintained as in Release 7.
· Note: it is FFS as to whether the RLC downlink AM entity can be placed in the serving Node B allowing faster RTT for DL data. This would require a higher power offset for the UL RLC control channel, as it is essential that RLC performance does not get degraded. This should be discussed further by RAN2.

· Iur control plane (i.e. RNSAP) connected transparently between serving eHSPA Node B and non-serving eHSPA Node B. This is indicated in GREEN in figure 5. 

· This is needed for admission/congestion control and radio link management.

· Iur user plane (i.e. Frame Protocol (FP)) connection between UPE and serving eHSPA Node B, and respectively UPE and non-serving eHSPA Node B. This is indicated in BLUE in figure 5. 

· It is likely that much of the existing stack could be re-used from the eHSPA Node B point of view. However some indication of the end RLC PDU error rate would need to be provided back to the eHSPA Node B such that RRC can update the uplink SIR target.

· S1-like interface between MME/UPE and serving eHSPA Node B. This is indicated in RED in figure 5.

· This interface would need to be UPDATED to ensure that the functional split between RRC and RLC is well-specified. This would mean that when soft handover is initiated between eHSPA Node B’s, the SRNC would need to inform the UPE to establish a new user plane connection to the diversity eHSPA Node B. Also the MAC-es configuration would need to be agreed between UPE and eHSPA Node B

· Soft handover cannot be performed for Release 8 UEs between eHSPA Node B and Release 7 Node B.

· For “release 7 and earlier” UMTS mobiles, the same configuration as in figure 2 is utilised.


[image: image6.wmf] 

 

 

 

 

 

 

 

 

 

eHSPA Node B

 

 

 

 

 

 

 

 

 

 

 

 

 

UPE

 

 

 

 

 

 

 

 

 

 

 

 

 

UE (Rel’8)

 

User plane

 

MAC

-

e/

 

W

-

CDMA

 

 

Cntrl

 Plane

 

RRC/RLC/

MAC/

 

W

-

CDMA

 

 

PDCP(HC off/

 

RLC (with 

encryption off?)/

 

MAC/

 

W

-

CDMA

 

 

Header

-

Comp/

 

Encryption

 

TNL

 

User plane

 

PDCP (HC 

off)/

 

RLC

 

(encrypt 

off?)

/

 

MAC

-

d/MAC

-

es

 

 

 

Header

-

 

Comp/

 

encryption

 

Uu

 

S1

-

like

 

TNL

 


Figure 6: User plane for soft handover concept

As can be seen, the changes from figure 3 are that the MAC-es, MAC-d, and RLC for user plane radio bearers are added to the UPE.
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Figure 7: Control plane for soft handover concept from serving eHSPA Node B perspective

As can be seen, the difference to figure 4 is that more signalling is needed between MME/UPE and eSPA Node B to handle the interaction between RLC in the UPE and RRC in the serving eHSPA Node B.

5.
Proposal
In this document, an ideal architecture for HSPA evolution has been shown that permits a migration to a common core network, and also allows a collapsed RNC/Node B architecture. 
It can be observed that the “non-soft handover” approach seems relatively simple to envisage, whereas the “soft handover” approach seems to require quite a lot of re-definition, particularly in the sense that the RRC-RLC functional split at least for the uplink user plane traffic would have to be specified, and potentially modified versions of existing functions defined to allow connectivity to the UPE.
Companies are requested to study this architecture in more detail to verify that Vodafone has captured all of the essential aspects here for both the “non-soft handover” and “soft handover” approach. 
It should also be clarified as to how granular the RLC entities can currently be from a UE perspective, as this may free up the possibility for having the DL RLC AM entities in the serving Node B, should such an architecture be desirable.

It is also requested for RAN WG2 to study the potential impacts on the UE protocol stack, an issue that has been discussed in [1].

Finally it is requested for these architectural concepts to be added to section 7 of the HSPA Evolution TR.
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