3GPP TSG RAN WG3 Meeting #53
R3-061232

Tallinn, Estonia, 28th August – 1st September 2006

Source:
Siemens

Title:
Architectural Options for HSPA Evolution

Agenda item:
12.17

Document for:
Discussion

1
Introduction

3GPP RAN#32 agreed a new study item on HSPA evolution. Supporting companies raised interest for the definition of an evolutionary track for HSDPA and HSUPA (E-DCH) in W-CDMA with the intent of further increasing performance. For HSPA Evolution, improvements in data rates, spectral efficiency and latency form the most important gains, together with an aim to provide smooth interworking between evolved HSPA and LTE . HSPA Evolution must, by definition, build on the existing W-CDMA air interface including HSDPA&HSUPA. A specific requirement is the ability to support legacy UEs including the support of both Packet Switched (PS) and Circuit Switched (CS) services.
2
Discussion

This section lists a number of possible architecture options whilst identifying pros and cons for each option. The section aims at comparing different options against key characteristics / requirements as being judged important. However the set of characteristics is not claimed being complete. Furthermore different requirements / characteristics may have different priority to different operators. As such the paper aims at progressing the HSPA evolution discussion on architecture options rather than concluding it.

This sections assumes that location of security functions do not place any concern if they are same as in 3G existing networks or same as in SAE/LTE. Otherwise security concerns are raised since the concerned option does not comply with analysis outcome reached by SA3.

2.1
Architecture Option 1

The following figure describes Option 1 of possible architecture modifications. An attempt is made to provide both, improvements in terms of latency – hence NodeB and RNC functions for HSPA+ UEs are combined in a single node, and to follow the requirement legacy and HSPA+ UEs have to be able to share the same carrier.

A new kind of a node, “Node B+” is defined, which in this option comprises DRNC functions for legacy UEs, SRNC functions for HSPA+ users and NodeB functions.

The Node B+ acts as a DRNC for legacy UEs which are operated via the legacy R7 RNC. Support of SHO is possible for legacy DCHs. Some RNC functionality moves completely to the Node B+ (MAC-c/sh is now supported at the Node B – this does not participate in SHO and so is not needed at a central node), RRC is located at RNC for legacy users, Iur interface is used so as to maintain cell based RRM wholly at the Node B+. 

For HSPA+ users a direct link is made to a SGSN to reduce latency, whereas the SGSN is upgraded to support LTE-like PDCP and security. Finally the IASA replaces the GGSN.
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Figure 1: Option 1 Architecture

In summary

· Legacy UE are supported,

· split RRM is avoided, 

· duplicated common channels are avoided, 

· move of RNC functions to the Node B+ is limited to functions necessary for HSPA+ operation, 

· there are 3 hops between Node B+ and external network (= LTE/SAE),

· security requirements can be satisfied.

However

· SHO for HSPA+ users can not be supported,

· Node B and SGSN changes are required and 
Some items would need more investigation such as:

· In R’7 the SGSN maintains knowledge of the NAS states only i.e. if the UE is in Idle or Active (excluding transition states). The RNC maintains knowledge of the AS (RRC) states Cell_DCH, Cell_FACH, Cell_PCH and URA_PCH. RRC knowledge is maintained at the Node B+ in the revised architecture. This is in principle feasible for equivalents of Cell_DCH, Cell_FACH and Cell_PCH states as these involve a single cell under the control of the Node B+, however support of URA_PCH is unclear as it involves more cells (belonging to more than one NodeB+).

· Availability of UE_Id/ UE_Type information at the Node B+, how and where the UE_Id is allocated should be investigated in order to ensure the feasibility of the UE_id filter mechanism. Similarly the possibility to provide UE class type information should be investigated.

· The increase in computational loading due to security at the SGSN is noted.

· RRC Location during Initial Deployment, The issue of ‘patchy’ HSPA+ deployment is raised where, e.g. during initial rollout, a UE might need to switch frequently between HSPA+ and legacy operation which in turn requires frequent handovers similar to SRNC relocation.
2.2
Architecture Option 2

The following figure describes Option 2 of possible architecture modifications. The Node B+ operates in a DRNC mode towards a legacy RNC for legacy UEs. The Node B+ acts largely as an SRNC for HSPA+ but without SHO support. The MME and UPE act as expected for LTE. The proposal is similar to Option 1 architecture described in section 2.1 earlier except that it advocates the use of an LTE aGW rather than modifying an SGSN. In consequence pros and cons are identical to the ones mentioned above, except that SGSN changes are not required. However saved efforts do apply to the aGW instead including open questions on mixed operation of HSPA+ and LTE users at the aGW. Note that UE states and UE state handling are different in LTE and HSDPA/HSUPA today.
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Figure 2: Option 2 Architecture

In summary:

· Legacy UE operation is possible,

· split RRM is avoided, 

· duplicated common channels are avoided,

· move of RNC functions to the Node B+ is limited, 

· there are 3 hops between Node B+ and external network (= LTE/SAE),

· security requirements can be satisfied.

However:

· It does not support SHO for HSPA+ users,

· Requires Node B changes.

· Impact on aGW needs to be investigated.

2.3
Architecture Option 3

The following figure describes Option 3 of possible architecture modifications. The Node B+ operates in a DRNC mode towards a legacy RNC for legacy UEs and acts largely as an DRNC with additional SRNC logic for HSPA+ but with combining located at the UPE. The MME acts as expected for LTE.
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Figure 3: Option 3 Architecture

In summary:

· Legacy UE operation is possible,

· split RRM is avoided, 

· duplicated common channels are avoided,

· SHO for legacy and HSPA+ UEs,

· move of RNC functions to the Node B+ is limited, 

· there are 3 hops between Node B+ and external network (= LTE/SAE),

However

· Requires Node B and UPE changes,

· Possible security implications.

2.4
Architecture Option 4

The following figure describes Option 4 of possible architecture modifications. The NodeB+ includes full RNC functionality to support legacy UEs and HSPA+ UEs. Different options of RRM are possible and will have an affect on interface between SRNC functionality in the NodeB+ and legacy SRNC. In the simplest case code trees may be split yielding a quasi fixed resource allocation. This option provides the possibility to use one-tunnel operation towards the GGSN, i.e. providing a two hop architecture on the u plane. Moving full RNC functionality includes security functions being located at the NodeB+, which is different compared with agreements reached during LTE architecture discussions.
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Figure 4: Option 4 Architecture

In summary

· Legacy UE operation supported,

· 2 hops between Node B+ and external network (<LTE/SAE) on U-plane.

However

· support of Soft Handover is not possible,

· complete move of existing RNC functions to the Node B+,

· split RRM if legacy RNC support added,

· security concerns raised.

2.5
Architecture Option 5

The following figure describes Option 5 of possible architecture modifications. In fact this option leaves the existing 3G architecture largely untouched but introduces an interface between the RNC and the aGW, which reflects a closer coupling to the SAE core network. There are 4 hops between the Node B+ and the external network (or possibly 3 if UPE and IASA are combined). This is no worse than the current R’6 and it is noted that the revised LTE/SAE interworking architecture can achieve the equivalent. Similarly the One Tunnel approach alone can achieve similar latency improvements.
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Figure 5: Option 5 Architecture

In summary:

· legacy UE supported,

· split RRM is avoided,

· duplicated common channels are avoided,

· SHO for legacy and HSPA+ UEs,

· no move of RNC functions to Node B+,

· security requirements satisfied

However

· Interface towards aGW,

· 4 hops between Node B+ and external network (=R’6 and >LTE).

3
Analysis

Following the discussion section above some central topics/questions are identified:

· Support of SHO is identified as central question significantly influencing available options for architecture modifications. A answer on whether and under which (to be agreed) assumption support of SHO is necessary is definitely required. It is proposed to request the related simulation work from RAN1.

· The interface between the HSPA evolution radio access network and the core network may be Iu or S1 or a new interface. Should an adaptation of the existing interface (Iu or S1 based) being considered?

· Architectural modifications improve latency, however improvements of spectral efficiency or data rates are expected from layer 1 and 2.

4
Conclusion

This paper starts discussing and analysing different architecture options which may be applied to existing HSPA networks in order to improve latency. It does not provide a complete view, however identifies central topics to be investigated. Operator opinions on all aspects, specifically those mentioned in section 3 are invited.

















































































































Page 1 of 7



_1217767636.vsd
MSC


RNC


SRNC R’7


Iu-CS


Node B+


DRNC R’7


SRNC H+


SGSN


SGSN R’7


Node B


Iu-PS


eNode B


aGW


IASA


S5a


S4


S1+


MME


UPE


eNode B


Iur


S1


S3



_1217767673.vsd
MSC


RNC


SRNC R’7


Iu-CS


Node B+


SRNC R’7


SRNC H+


SGSN


SGSN R’7


aGW


IASA


S5a


S4


Iu+u


MME


UPE


eNode B


?


S1


S3


Iu+c


Node B


eNode B


GGSN


S4b



_1217767689.vsd
MSC


RNC+


SRNC R’7


Iu-CS


Node B+


S1+


SRNC H+


SGSN


SGSN R’7


Iu-PS


aGW


IASA


S5a


S4


Node B


MME


UPE


eNode B


Iub


S1


S3


eNode B



_1217767660.vsd
MSC


RNC


SRNC R’7


Iu-CS


Node B+


DRNC R’7


eNode B


SGSN


SGSN R’7


Iu-PS


aGW


IASA


S5a


S4


S1-C/Iur-U


MME


UPE


eNode B


Iur


S1


S3


SRNC H+


Node B


DRNC H+



_1217745569.vsd
MSC


RNC


SRNC R’7


Iu-CS


Node B+


DRNC R’7


SRNC H+


SGSN


SGSN R’7


SGSN H+


Iu-PS


Iur


Iu+


aGW


UPE H+


MME


IASA


S5a


S4


Iu+


UPE


eNode B


S1


S3


Node B


eNode B



