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Introduction

Two models for the evolved architecture, first based on new location of radio functions and second based on functional separation – RNC decomposition, have been included in the technical report on the SI UTRAN Architecture Evolution [1]. Mobility support in evolved architectures has not been considered so far.  

In the former model, all radio-related functions including control/termination of RRC connection are moved to enhanced Node B+es. In the user plane, RLC and MAC protocols are terminated in Node B+es that are connected by means of an enhanced Iur interface. 

In the latter proposal, User Plane Servers (UPSes) contain cell related control functions and termination points for user plane RLC and MAC protocols.  Iur-u interface is located between neighbouring UPSes. UPSes may be placed closer to the air interface compared to legacy RNCs. 

In this contribution certain aspects of mobility in Rel99/4/5 UTRAN Architecture and in proposed evolved UTRAN architectures are considered. The scope of the contribution is limited to inter Node B and intra RNS mobility as defined in [6] for the legacy architecture and to equivalent extent of mobility for the evolved architectures.   Packet loss during RRC connection mobility procedures for dedicated and common shared transport channels is analysed.    

Discussion 

Packet Loss Due to RRC Connection Mobility

Serving network element (Node B or Node B+) relocation in the course of one of RRC connection mobility procedures, may lead to the loss of packets that are buffered in L2 protocol entities terminated in that network element and that are not transmitted prior to activation time
. Hence, the possibility of packet loss when relocating serving network element depends on protocol termination in the user plane (please refer to Annex 1) for a particular transport channel. The protocol stack architecture for transport channels may be changed depending on existing network elements and functional split in evolved architecture.      

Mobility Support in Rel99/4/5 UTRAN Architecture

Mobility Support for Dedicated Transport Channel (DCH)

Mobility for Rel99 DCH transport channel is supported by mobile-evaluated Active Set Update Cell_DCH procedure from the set of RRC connection mobility procedures [5]. Since old Radio Links are not removed before addition of new Radio Links, no data losses are foreseen during this procedure assuming proper synchronisation. 

Mobility Support for Downlink Shared Transport Channel (DSCH)

For Rel99 DSCH transport channel macro diversity cannot be applied meaning that a particular DSCH can be transmitted in a single cell only [4]. Mobility is supported by mobile-evaluated Hard Handover Cell_DCH procedure from the set of RRC connection mobility procedures [5]. L2 protocols for Rel99 DSCH transport channel are terminated in the C-RNC. When changing serving Node B, no data losses are foreseen assuming proper synchronisation. 

Mobility Support for High Speed Downlink Shared Transport Channel (HS-DSCH) 

Macro diversity for Rel5 HS-DSCH transport channel is not supported because otherwise significant overhead would be incurred for synchronising scheduling decisions of the Node Bs within Active Set. Mobility for Rel5 HS-DSCH transport channel is supported by inter and intra Node B serving HS-DSCH cell change procedure in Cell_DCH state (please refer to the Annex 2). This procedure may be combined with e.g. Active Set Update procedure for associated dedicated channels. L2 MAC-hs protocol for Rel5 HS-DSCH transport channel is terminated in the serving Node B.  

To preserve fast scheduling capability based on reliable feedback, inter Node B serving HS-DSCH cell change procedure is inherently associated with serving Node B relocation procedure from source to target Node B. During the cell change a new UE context is created in target Node B by C-NBAP RL Setup procedure; however, MAC-hs protocol context is lost since the MAC-hs entity located in the source HS-DSCH Node B belonging to a specific UE is deleted and a new MAC-hs entity in the target HS-DSCH Node B is established during serving Node B relocation. Depending on RLC configuration for the RAB of the affected user associated to HS-DSCH (AM, UM mode), the packets lost during cell change may or may not be compensated in the UTRAN. In either case, an additional delay is incurred that may negatively influence the operation of reliable transport protocols for IP traffic or user satisfaction for real time traffic.   

Mobility Support in Evolved UTRAN Architecture

Mobility Support for Dedicated Transport Channels (DCHs)       

Mobility for dedicated transport channels may most likely be supported by Cell_DCH RRC connection mobility Active Set Update procedure and in this case no losses are foreseen assuming proper synchronisation. 

Mobility Support for Downlink Shared Channel (DSCH)

Mobility for DSCH transport channel may most likely be supported by Cell_DCH RRC connection mobility Hard Handover procedure. No losses due to serving Node B change are foreseen in the architecture based on functional separation assuming proper synchronisation. However, in the architecture based on new location of radio functions all L2 protocols will be terminated in Node B+. Certain loss due to serving Node B+ change may be incurred in this architecture if L2 protocol entities are relocated during serving Node B+ change.   

Mobility Support for High Speed Downlink Shared Channel (HS-DSCH)
 Mobility for HS-DSCH transport channel may most likely be supported by inter / intra Node B serving cell change procedure in Cell_DCH. In both architectures L2 MAC-hs protocol is terminated in Node B / Node B+. Therefore, packet loss during inter serving Node B / Node B+ cell change may be incurred in both architectures. 

Summary

Table 1 summarises the results of the above analysis in that the possibility of packet loss during RRC connection mobility procedures of DCH, DSCH and HS-DSCH transport channels is identified separately for Rel99/4/5 and proposed evolved architectures. All conclusions are derived while assuming proper synchronisation and support for macro diversity as in Rel99/4/5. 

	Loss during RRC connection mobility (yes/no)
	Rel99 DCH
	Rel99 DSCH
	Rel5 HS-DSCH

	Rel99/4/5 UTRAN architecture
	no
	no
	yes

	Evolved UTRAN architecture based on functional separation
	no
	no
	yes

	Evolved UTRAN Architecture based new location of radio functions 
	no
	yes

	yes


Table 1: Loss during RRC connection mobility

Conclusion
In this contribution, mobility support for dedicated and common shared transport channels in Rel99/4/5 UTRAN architecture and in evolved UTRAN architecture proposals included in the current version of [1] has been analysed.  In summary, for Rel99 DSCH transport channel mobility support may be less efficient relative to legacy UTRAN architecture in the proposed evolved architecture based on new location of radio functions, while there is still some room for improving mobility support of Rel5 HS-DSCH transport channel in all three derivatives of UTRAN architecture. As noted before, the ultimate consequence of frequent loss may be an adverse effect on the operation of reliable transport protocols for IP traffic or user satisfaction for real time traffic.

Hence, we propose to incorporate the enclosed text in the section 6.2 of [1].

------------Start of the text proposal-------------

Mobility Support 

Macro diversity for Rel5 HS-DSCH transport channel is not supported because otherwise significant overhead would be incurred for synchronising scheduling decisions of the Node Bs within Active Set. Mobility for Rel5 HS-DSCH transport channel is supported by inter and intra Node B serving HS-DSCH cell change procedure in Cell_DCH state. This procedure may be combined with e.g. Active Set Update procedure for associated dedicated channels. L2 MAC-hs protocol for Rel5 HS-DSCH transport channel is terminated in the serving Node B. 

The protocol stack architecture for transport channels may be changed depending on existing network elements and functional split in evolved architecture.  Serving network element (Node B or Node B+) relocation in the course of inter Node B serving cell change, may lead to the loss of packets that are buffered in L2 protocol entities terminated in that network element and that are not transmitted prior to activation time. 

 To preserve fast scheduling capability based on reliable feedback, inter Node B serving HS-DSCH cell change procedure is inherently associated with serving Node B relocation procedure from source to target Node B. During the cell change a new UE context is created in target Node B by C-NBAP RL Setup procedure; however, MAC-hs protocol context (i.e. buffered packets, state variables) is lost since the MAC-hs entity located in the source HS-DSCH Node B belonging to a specific UE is deleted and a new MAC-hs entity in the target HS-DSCH Node B is established during serving Node B relocation. 

Depending on RLC configuration for the RAB of the affected user associated to HS-DSCH (AM, UM mode), the packets lost during cell change may or may not be compensated in the UTRAN. In either case, an additional delay is incurred that may negatively influence the operation of reliable transport protocols for IP traffic or user satisfaction for real time traffic.   

As a part of the UTRAN Architecture Evolution study it should be analysed how to provide the possibilities for nearly optimal implementation of RRC connection mobility procedures. 

------------End of the text proposal--------------
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Annex 1: Protocol Termination of Transport Channels 

This annex outlines protocol termination of Rel99 DCH, Rel99 DSCH and Rel5 HS-DSCH transport channels in user plane according to the sections 5.6.1, 5.6.5.4 and 5.6.9.3 of [4], respectively. 

Figure 1 plots protocol termination for Rel99 DCH transport channel in the user plane.  The part of physical layer terminating in the Serving RNC is the topmost macro-diversity combining and splitting function for the FDD mode. If no macro diversity applies, the physical layer is terminated in Node B.
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Figure 1: Protocol termination for DCH.    

Figure 2 plots protocol termination for Rel99 DSCH transport channel in the user plane. 
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Figure 2: Protocol termination for DSCH.

Figure 3 plots protocol termination for Rel5 HS-DSCH transport channel in the user plane. 
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Figure 3: Protocol termination for HS-DSCH. 

Annex 2: HSDPA Serving Cell Change 

This annex describes HS-DSCH serving cell change according to the parts of the section 9.1 in [2].

The serving HS-DSCH cell change may be categorised with respect to the serving HS-DSCH Node B:

1.
Intra-Node B serving HS-DSCH cell change: The source and target HS-DSCH cells are both controlled by the same Node B. The serving HS-DSCH Node B is not changed.

2.
Inter-Node B serving HS-DSCH cell change: The Node B controlling the target HS-DSCH cell is different from the Node B controlling the source HS-DSCH cell.

The cell-Node B relations shall remain transparent for the UE and the UE should therefore not be aware of whether the serving HS-DSCH cell change procedure is of intra-Node B or inter-Node B nature.

At an Inter-Node B serving HS-DSCH cell change, a serving HS-DSCH Node B relocation needs to be performed at the UTRAN. Serving HS-DSCH Node B relocation and serving HS-DSCH cell change are two separate procedures, even if serving HS-DSCH Node B relocation cannot be performed without a serving HS-DSCH cell change (but the other way is possible).
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Figure 4: Inter Node B serving HS-DSCH cell change combined with serving HS-DSCH Node B relocation.

During a serving HS-DSCH Node B relocation, the MAC-hs entity located in the source HS-DSCH Node B belonging to the specific UE is deleted and a new MAC-hs entity in the target HS-DSCH Node B is established. Different CRNCs may control the source and target HS-DSCH Node B.




�        In case of retransmission protocol entities (RLC AM, MAC-hs), state variables are also not relocated meaning that it is impossible to resume the transmission accurately after activation time.  In the following buffered packets and state variables of a protocol entity on the network side will be jointly referred to as protocol context. 


� If L2 protocol entities are relocated during serving Node B+ change. 
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