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1 Introduction

This contribution discusses the support of soft handover and UL macro diversity in different HSPA+ architectural options. The support of DL macro diversity (e.g. in a MBMS cell group) is not discussed. The support of UL and DL macro diversity for legacy UE is not discussed.

2 Discussion

The following sub-sections propose a description of the SHO and UL macro diversity support in the “Iu-connected” HSPA+ architectural options described in [1], based on the RAN#33 agreement “to focus the architectural work on studying Iu interface based solutions in the short term (UNTIL RAN 34 at least)”.

In this contribution, “support of SHO” means support of RRC-like active set updating and RNSAP&NBAP-like RL controlling procedures, and “support of UL macro diversity” means support of user plane FP-like procedures that carry the duplicated flows up to the UL macro diversity selection entity.

The title of each the following sub-sections refers to the sub-section where a complete description of the HSPA+ architectural option can be found in [1]. 

2.1 Iu with enhanced SRNC separate from the enhanced collapsed CRNC/DRNC/Node B
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Fig 1: Iu with enhanced SRNC separate from the enhanced collapsed CRNC/DRNC/Node B (from [1])

In the following sub-sections, “NodeB+” means “Node_B/CRNC/DRNC” and “RNC+” means “SRNC”.

2.1.1 Support of SHO

As defined in TR 21.905, the soft handover is “a category of handover procedures where the radio links are added and abandoned in such manner that the UE always keeps at least one radio link to the UTRAN”.

If the CRNC and DRNC functions are moved into the NodeB+ (i.e. no Iur supported by the RNC+ for HSPA+
), the hard handover seems to be the only way to cross an RNC+ area boundary. Therefore, the support of soft handover could be considered as not possible in this HSPA+ option. 

Only “intra-RNC+ SHO” can be supported, in which case the UE mobility cannot be homogeneously handled through the HSPA+ network. Even if the Iur interface is optional in the legacy UTRAN, removing this option in HSPA+ may be seen as a degradation of the system performance for the operators having implemented the Iur interface in their network. 

Mixing RLs supporting HSPA+ and RLs not supporting HSPA+ in an active set seems possible, provided that the HSPA+ RLs are controlled by the SRNC+ and that RRC remains backward compatible. The usefulness of such configuration may be discussed (migration scenario, HSPA+ hotspots with neighbour UTRA legacy cells…). 

2.1.2 Support of UL macro diversity

Only intra-RNC+ UL macro diversity can be supported. 

In the legacy UTRAN, there is a single RLC entity handling both UL and DL in AM. In this HSPA+ option, an RNC RLC mirror function is placed in the NodeB+ to improve the DL retransmission. 

If UL macro diversity is applied, the same RLC STATUS information is reported by the UE on several radio links, but only used by the NodeB+ that controls the DL data path (assuming that no DL macro diversity is supported). The STATUS information used for DL retransmission mechanism cannot take advantage of inter-NodeB+ UL macro diversity. The number of DL retransmissions in HSPA+ may be greater than in the legacy UTRAN. The improvement of the user plane latency must be balanced with the possible impact on the DL radio resources consumption. 

In addition, the RLC entity located in the NodeB+ that controls the DL data path needs to read the STATUS to be able to handle the DL retransmission. The STATUS is ciphered in the legacy UTRAN. In HSPA+:

· The RLC might be modified in order to allow the STATUS information to be sent unciphered, if this does not affect the security performance.

· UL data path may be deciphered in the NodeB+. Further study may be needed on how having the UL data steam unciphered at the Iub interface can affect the security performance. In addition, some coordination is needed between the RNC+ and the NodeB+ to use the same ciphering algorithm with the same key and with the same counter values. Such coordination may increase the control plane latency during the data paths establishment and further switching. Similar coordination between a SRNC+ and a NodeB+ controlled by a distinct DRNC+ (through the Iur/Iub interface) would allow the inter-RNC+ UL macro diversity and SHO.

2.2 PS User Plane / Control Plane split, CP functions in RNC, direct UP tunnel PS CN – Node B
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Fig 2: PS User Plane / Control Plane split, CP functions in RNC, direct UP tunnel PS CN – Node B (from [1])

2.2.1 Support of SHO

It seems that this option does not support inter-RNC SHO (no Iur).

In order to support inter-Node_B SHO within a RNC area, a “serving Node_B” must be identified. 

Note that for an efficient use of the “one tunnel” solution, keeping an anchor “serving Node_B” unchanged as long as the UE remains in the RNC area should be avoided in order to keep the number of UP hops as small as possible. This means that a serving Node_B relocation should be performed each time the DL data path (assuming that no DL macro diversity is supported) is moved to a RL handled by another Node_B. In this case:

· The inter-Node_B DL data path change may require the transfer of some PDCP and RLC information from the source serving Node_B to the target serving Node_B, through a direct inter-Node_B interface or through the RNC that controls the active set update based on the UE measurements. 

· How to perform a synchronized DL data path change (CFN-like synchronization between the RNC handling the CP and the Node_B handling the UP) may need some adaptation in HSPA+.

· In order to support lossless Serving Node_B relocation, data forwarding may also be required from the source Node_B to the target Node_B, through the SGSN or the GGSN, or through a direct inter-Node_B interface.

A direct inter-Node_B interface would allow the support of inter-Node_B SHO:

· The handling of the active set is performed in the RNC. Without Iur, the SHO performance in HSPA+ may be seen as degraded, compared with the SHO performance in the legacy UTRAN. The Iur interface could still be used to support inter-RNC SHO.

· The RL setup, addition and removal can be controlled by the SRNC using Iub procedures. For inter-RNC SHO, the RL in cells controlled by a DRNC could also be handled by the SRNC via Iur/Iub procedures.

· In UTRAN (at least in R99 as indicated in TR 25.832), SRNS relocation is only supported if “all radio links are in a single DRNS and that DRNC is the target RNC”. In HSPA+, the Serving Node_B relocation, that might occur each time the DL data path is moved to a new Node_B, should not only be supported if all the RLs belong to the target Serving Node_B. In order to ensure the SHO efficiency, mechanisms would be needed to prepare the reconfiguration of the “new” RLs between the target serving Node_B and the target drift Node_B (possibly the source serving Node_B) before relocating the serving Node_B.

A number of scenarios would need to be specified and tested:

· RL addition, removal, addition/removal in the Serving Node_B or in a Drift Node_B

· RL addition, removal, addition/removal with or without Serving Node_B relocation

· RL addition, removal, addition/removal with or without Serving RNC relocation

Mixing RLs supporting HSPA+ and RLs not supporting HSPA+ in an active set seems possible, provided that the RRC is kept backward compatible.

2.2.2 Support of UL macro diversity

The UL macro diversity selection is performed in the Serving Node_B (the RNC only handles the CP). 

Iub FP protocols may be used at the inter-Node_B interface. The Iub signalling may need some enhancement to allow the establishment of the transport bearers between two Node_B. To support inter-RNC SHO, Node_B controlled by different RNCs would have to be interconnected. 

The inter-Node_B interface could support FP-like protocols for UL macro diversity and GTP-like or GRE protocols for data forwarding during Serving Node_B relocation.

The figures below show how locating the UL macro diversity selection may affect the load at the “last mile” of the transport network. Two examples are considered:

· Direct physical links between Node_B 
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Fig 3: Last mile load – MD selection in Node_B – Direct physical links between Node_B

· Inter-Node_B physical links crossing the RNC
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Fig 4: Last mile load – MD selection in Node_B – Inter-Node_B physical links crossing the RNC

These cases might be compared with the case where UL macro diversity selection is located in the RNC, described in the following figure:
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Fig 5: Last mile load – MD selection in RNC

Note that if the header compression is performed in the Serving Node_B, the inter-Node_B link used for UL macro diversity between the drift Node_B and the serving Node_B will carry a compressed user IP header, in addition to the Iub header.

2.3 Iu with RNC U-plane & C-plane functions in Node B
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Fig 6: Iu with RNC U-plane & C-plane functions in Node B (from [1])

2.3.1 Support of SHO

According to the description in [1], the Evolved HSPA NodeB supports the Iur interface in the “stand-alone” architecture. 

In the legacy UTRAN, the Iur interface is mainly used for keeping an anchor node in the UTRAN (avoiding SRNS relocation), for inter-RNC macro-diversity or for handling URA spread over several RNCs.

The support of these Iur functions in HSPA+ may be discussed. E.g. instead of using the Iur for hiding the HSPA+ mobility towards the CN, X2-like mobility functionalities may be preferred (based on GTP-U or GRE). The support of inter-Evolved HSPA NodeB SHO may be based on Iur/Iub procedures (based on FP). In this case, the points listed in section 2.2.1 remain applicable, except that the CP & UP collocation may simplify the standardization work, the test cases, the latency when establishing the RLs and preparing the RLs reconfiguration during a Serving Evolved HSPA NodeB relocation, as well as the synchronization mechanisms to be defined in both CP and UP. 

2.3.2 Support of UL macro diversity

The points listed in section 2.2.2 remain applicable, except that the single-node architecture may bring simplification and some efficiency with regard to latency performance.

3 Concluding Remarks

If the implementation of SHO and UL macro diversity is used as a criterion to compare the HSPA+ architecture, the following points may be discussed:

	
	Iu with enhanced SRNC separate from the enhanced collapsed CRNC/DRNC/Node B
	PS User Plane / Control Plane split, CP functions in RNC, direct UP tunnel PS CN – Node B
	Iu with RNC U-plane & C-plane functions in Node B

	Soft handover support
	SHO support without restriction is possible if Iur supported
	SHO support without restriction is possible if Iur supported

New procedures needed to relocate the serving Node_B with RL that do not only belong to the target serving Node_B

Complexity due to the number of test cases
	SHO support is possible

New procedures needed to relocate the serving Evolved HSPA NodeB with RL that do not only belong to the target serving Evolved HSPA NodeB

	UL macro diversity selection
	May require more DL bandwidth at the Uu interface for retransmission (compared to legacy UTRAN)

Impact on RLC (mainly ciphering) may need further study, and require additional coordination between SRNC and Node_B/CRNC/DRNC
	May add or reduce the redundant load at the last mile (compared with centralized MDC solution), depending on the physical transport network configuration

Complexity of the inter-Node_B transport bearer handling (CP-UP interaction)
	May add or reduce the redundant load at the last mile (compared with centralized MDC solution), depending on the physical transport network configuration




The SHO and UL macro diversity handling in the HSPA+ architectural option described in [2] (“HSPA+ architecture with AS and NAS radio interface protocols in NodeB”) is similar to the handling in the “Iu with RNC U-plane & C-plane functions in Node B” option.
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� 	It is understood that the Iur interface may still be operational in this HSPA+ option for backward compatible reason (support of HSPA+ and legacy UEs under the same carrier), but will only support procedures for legacy UE.
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