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Background

During the RAN3#40 meeting, channel type switching in evolved UTRAN architecture was discussed. While calculation of delay budget was in principle agreed as a tool, some points regarding clarification on 

· Decision-making process for channel type switching, 

·  Possible optimisation of signalling flows and

·  Consideration of possibly existing drift network elements (Iur mobility)

were raised while discussing the document. In this revised contribution some additional details regarding these points are introduced.  In addition, while agreeing that RRC measurement type (event-driven, timer-based or immediate) and hence channel type switching decision are network implementation dependent, it is emphasized that actual signalling diagrams are generic and identical for all implementations. Therefore, we believe that the feasibility of channel type switching should be investigated as an aspect of radio performance [2] in our study of UTRAN architecture evolution.  

Introduction 

During RAN3#38 meeting concerns were raised about implementation of channel type switching in derivatives of evolved architecture based on functional separation. Channel type switching is one of the radio resource management methods that are important to improve radio resource utilisation while maintaining satisfactory QoS for end users. 

In this contribution simplified exemplary signalling flows for channel type switching are derived for types of evolved architecture and compared against legacy architecture and corresponding text is proposed for inclusion into the TR [1].   

Discussion 

Channel Type Switching and Radio Resource Management 

Channel Type Switching is a radio resource management method based on Measurement and Radio Bearer Control RRC procedures [3] and corresponding application protocol procedures (e.g. RL Setup procedure in [4] and [5]).  Judging from traffic volume measurements received from UE for uplink transmission or RLC buffer occupancy for downlink transmission, S-RNC may make a decision that a state transition from Cell_FACH to Cell_DCH or vice versa is performed. Network implementation of aforementioned signaling procedures allowing only slow transition between RRC states would force the operator to tune radio resource control settings so that low activity UEs are kept in the Cell_DCH state as long as possible. This setting is aimed at avoiding perceived QoS degradation but may in turn result in a correspondingly fast depletion of channelisation codes and hence decreased capacity.  

Four factors contributing significantly to state transition delay budget may be identified:

· Uu interface delay including TTI length and potentially unreliable transmission of traffic volume measurements from UE to the network,

· Processing time in network nodes,

· Uu/Iub/Iur/Iui interface delays for RNL signalling and 

· Transport channel and radio interface synchronisation. 

In the following a simplified exemplary signaling flow aimed at delay budget analysis for channel type switching from Cell_FACH to Cell_DCH triggered by an increased amount of data for uplink transmission in a UE is given for legacy and two derivatives of evolved radio access network architecture. The first factor, Uu interface delay, is out of the scope of the work under this SI. The most attention is paid to relative contribution of the second and the third factor to switching delay budget assuming different network architectures. The fourth factor, transport channel and radio interface synchronization, is considered on procedural level only. Finally, we limit the discussion on the case that Node B for Cell_FACH and Node B for Cell_DCH state are coincident to simplify the analysis. We think this is the most frequent case.

To facilitate the comparison, following notation is introduced:

- 
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T

denotes processing time necessary for coupling RRC processes and is incurred due to relaying function of UPSes in the control plane [1] or decisions on state transition in a network element containing user related control functions,
-  
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denotes the delays of signaling messages across Uu interface,
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 denotes the delay of signaling messages across Iub/Iur interface,

- 
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 denotes the delay of signaling messages across Iui interface, 

- 
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denotes transport channel synchronisation delay [6] for IubIur interfaces and 

-  
[image: image6.wmf]2
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 denotes radio (Uu) interface synchronisation delay [6]. 

Channel Type Switching: Rel99/4/5 UTRAN Architecture (1)

Simplified exemplary channel type switching signalling flow for the Rel99/4/5 UTRAN Architecture is given in the Figure 1. It is assumed that a UE is initially in Cell_FACH state and is required by the network to transmit traffic volume measurement information (RRC measurement control message).  It is further assumed that a decision to switch the transport channel type is made in SRNC based on received measurements. In order for a dedicated transport channel to be established, it is necessary to establish respective Radio Link (NBAP Signalling) and Transport Bearer and trigger RRC Physical Channel Reconfiguration message. Finally, transport channel synchronisation is performed on Uu and Iub interfaces. After transitioning to the Cell_DCH state, UE sends confirmation on state transition to the network by means of a reconfiguration complete message. Finally, user plane for DCH is established and transmission/reception of data over DCH transport channel can start. 
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Figure 1: Channel type switching in Rel99/4/5 UTRAN Architecture.

According to the adopted notation, delay budget of the channel type switching starting from measurement reporting can be approximated as follows. It is assumed that transport channel synchronisation on Iub and physical channel reconfiguration will be performed in parallel. 
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Channel Type Switching: Evolved Architecture based on New Location of Radio Functions (2)

Simplified exemplary channel type switching signalling flow for the evolved architecture based on new location of radio functions is shown in Figure 2. Given that RRC/NBAP protocols are terminated in Node B+, delay budget of the channel type switching starting from measurement reporting in this case can be approximated as follows. 
	
[image: image8.wmf]2

2

3

sync

Uu

p

d

T

T

T

T

+

+

@


	(2)


[image: image9.wmf]UE

Serving

Node B+

Cell_FACH

Uu interface

RRC Measurement Control: BCCH/BCH SIB12 (Traffic Volume Measurements)

RRC Measurement Reporting: DCCH/RACH

Channel Type

Selection:DCH

RRC Physical Channel Reconfiguration: DCCH/FACH

<Synchronisation>

Cell_DCH

RRC Physical Channel Reconfiguration Complete: DCCH/DCH

User Plane data are transmitted and received


Figure 2: Channel type switching in the evolved architecture based on new location of radio functions. 

Channel Type Switching: Evolved Architecture based on Functional Separation (3)

Simplified exemplary channel type switching signalling flow
 in the evolved architecture based on functional separation is given in Figure 3. UPS contains measurement control function while RCS processes UE measurement reporting and eventually makes decision on the state transition. Delay budget of the channel type switching starting from measurement reporting in this case can be approximated as follows. It is assumed that transport channel synchronisation on Iub and physical channel reconfiguration will be performed in parallel. 
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Figure 3: Channel type switching in the evolved architecture based on functional separation.

Conclusion

In this contribution, channel type switching latency was analysed for Rel99/4/5 UTRAN architecture and evolved UTRAN architecture proposals based on new location of radio functions and functional separation. Comparison of the rough calculation of delay budget for the evolved architectures relative to the legacy architecture can be derived from (1), (2) and (3). It is given in Table 1. The same conclusion is applicable for the case of Iur mobility as shown in the Annex.  

	Switching delay budget increase relative to the legacy architecture 
	Evolved architecture based on new location of radio functions
	Evolved architecture based on functional separation
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Table 1: Comparison of delay budgets of evolved architectures against legacy architecture.

Since there is some difference in performance, we propose to agree to incorporate the contents of the subsections ‘Channel Type Switching and Radio Resource Management’, ‘Channel Type Switching: Rel99/4/5 UTRAN Architecture (1)’, ‘Channel Type Switching: Evolved Architecture based on New Location of Radio Functions (2)’ and ‘Channel Type Switching: Evolved Architecture based on Functional Separation (3)’ of this contribution into the section 6.3.6 of the TR [1] together with Table 1. 

Concrete delay figures and therefore the relative contribution of the calculated delays to the channel type-switching budget including RRC measurement and decision delay should be left FFS.

Annex1: Delay Budget Analysis for Iur Mobility 

In this annex we analyse delay budget for channel type switching assuming Iur mobility, i.e. the existence of drift network element. For the evolved architecture based on functional separation only we derive the signalling diagram assuming the existence of drift UPS. 
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Figure 4: Channel type switching in the legacy architecture assuming existence of D-RNC.

Delay budget assuming optimised signalling (parallel processing of transport channel synchronisation on Iub/Iur and physical channel reconfiguration) is given in (A.1)). 
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Figure 5: Channel type switching in the evolved architecture based on new location of radio functions assuming existence of D-Node B+.

Delay budget assuming optimised signalling flows for synchronisation (parallel processing of transport channel synchronisation on Iur and physical channel reconfiguration) is given in (A.2). 
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Figure 6: Channel type switching in the evolved architecture based on new location of radio functions assuming existence of D-Node B+.
Delay budget assuming optimised signalling flows for synchronisation (parallel processing of transport channel synchronisation on Iub/Iur and physical channel reconfiguration) is given in (A.3). 
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� It is assumed that modified application protocol RNSAP+ is used on the Iui interface. 
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