Error! No text of specified style in document.
1
Error! No text of specified style in document.

TSG-RAN WG2 meeting #48
                 Tdoc  R2-051949
London, UK, 29 Aug – 2 Sep, 2005



Agenda Item:
21.3.3

Source: 
Ericsson 
Title:  
RRC States in Evolved UTRAN
Document for:
Discussion and Decision 
1.  Introduction

The terminal standby time is heavily dependent on the network’s ability to support means for preserving terminal battery power. In UTRAN, one important function supporting the preservation of UE power is the possibility to switch the UE between different RRC states. For discontinuous PS traffic, fast and cost-efficient transitions between such “active” and “dormant” modes/states are particularly important. 

In this document, we discuss the role of future RRC modes and states in the Evolved UTRAN. In particular, we focus on the need for efficient means to preserve UE battery power and the requirements for fast and cost-efficient state transitions between “active” and “dormant” periods of a UE. 
2. EUTRAN Delay Requirements

The report 3GPP TR 25.913 acknowledges the need for different terminal dormancy levels through the rather stringent delay requirements on transitions between such “states”, see Figure 1: 

· Excluding any NAS signalling and paging delays, the transition time from a “camped state” to an “active state”, where the user plane is established,  shall be less than 100 ms.

·  Excluding any DRX interval, the transmission time from a “dormant state” to an “active state” should be less than 50 ms. 



Figure 1 An example of state transition (from 25.913).


These requirements demand particularly efficient and fast methods to transfer a terminal from “dormancy” to “active”. The implications on the existing RRC state machine and the need for changes are discussed below.   

3.
UTRAN Release 6 RRC States

The UTRAN Release 6 RRC state machine is illustrated in Figure 2. The most “active” state in UTRAN Release 6 is Cell_DCH. We note that UE power preservation in CELL_DCH is generally not possible, since the current CELL_DCH state always includes the support of physical channels obeying fast power control. As a consequence, a UE in Cell_DCH  is involved in both “continuous” transmission and  reception, even if the transfer of any payload would be discontinuous. UE battery preservation is therefore tightly tied to the RRC states. To preserve UE battery power, and for lengthy  PS sessions with a bursty traffic pattern in particular, rather frequent RRC state-changes to and from less consuming RRC states are therefore needed.  “Dormant” terminals are typically switched to either of the paging states (URA_PCH/Cell_PCH) or RRC Idle mode (Cell_FACH is suitable for shorter dormancy periods only, as it includes active reception in the terminal). 
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Figure 2: RRC states and state transitions in UTRAN  (adapted from 25.331)

A schematic illustration of an implementation is illustrated in Figure 3, where an inactive UE is successively switched from Cell_DCH via Cell_FACH and URA_PCH to RRC Idle. At each step, the wake-up time (= access delay, i.e. a switch to Cell_DCH in each case) increases, but the UE standby time is improved in return.  Thus, access delay performance is traded with battery preservation.
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Figure 3 Schematic illustration of a  implementation, where the UE activity and resource consumption is successively decreased as a function of the in-activity period of the UE, i.e. the UE is switched from Cell_DCH via Cell_FACH and URA_PCH to RRC Idle. The access delay increases for each step (left to right), but the UE battery preservation improves in return (right to left). 

It is well known that the current re-configuration procedures for switching a UE between different RRC states (and Transport Channels) can be rather time-consuming. Reasons for this include e.g. 

· Large re-configuration messages between the UE, RNC and Node B, 

· Limited bit-rate support for signalling in typical bearer realizations (c.f. TS 34.108),

· Time-consuming synchronization procedures at times of Transport Channel reconfiguration. 

· Several nodes involved.

Without any changes to the UTRAN RRC state machine and the associated procedures, the stringent E-UTRAN delay-requirements in Section 2 can be hard to fulfil. Thus, in order to meet these delay requirements, we propose to critically examine the RRC states and the associated procedures. However, while focusing on meeting the delay requirements, it should be ensured that means for efficient UE power preservation are supported in the future E-UTRAN. 

4.
Evolved UTRAN RRC States

Packet data traffic typically follows a very bursty pattern, where active periods are followed by “dormant” ones when no data is transmitted or received. Therefore, in order to preserve UE battery power, the UE activity during such dormant periods, even if only lasting for seconds or fractions of seconds, should be minimal. However, the perception of transmission quality is then heavily dependent on the “wake-up” time from “dormancy” to “active”. 

Based on this, we find that the following targets should lead the realization of dormant “states” and  “state-transitions” in EUTRAN: 

· The solution should support minimal UE power consumption during UE dormancy,

· Power-saving shall be possible to achieve also during short DTX periods,  

· Transitions between “dormancy” and “active” should be fast end cost-efficient, 

· The solution should include support for mobility between sites without extensive signalling. 

With a specified solution fulfilling these targets, it is possible to realize a system with a low response time together with long operation and standby times for terminals with limited power resources. 

A sketch of the trade-off between power-consumption and access delay for E-UTRAN is shown in Figure 4. It is here assumed that the delay for reaching the “active” increases as the UE goes into deeper hibernation. Future work for the EUTRAN should focus on making these transitions as fast as possible.   
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Figure 4 Schematic illustration of an implementation, where a UE is successively stepped down into deeper dormancy as the UE inactivity prevails. The access delay increases accordingly, but the standby time improves in return.  
To achieve the delay targets, procedures associated with the current RRC states may have to be re-visited. In particular, we think it is necessary to investigate the possibility to support certain aspects of UE power preservation within a future “active” EUTRAN RRC state. 

4.1 Functions of relevance for the delay-performance and terminal standby time 

Without any ambition of being comprehensive, we here exemplify some functions and work areas of relevance for realization of “active” and “dormant/camped” states in E-UTRAN. 

· DL Scheduling and Paging

· UE measurements and reporting activity

· UL Synchronization

· Random Access procedures

When defining these functions in E-UTRAN, care should be taken to ensure that both the delay requirements and the need for terminal power preservation can be met. We note that different levels of power-saving may be realizable within a single RRC state. 

5.
Conclusion 

In this document, we have highlighted the necessity to improve the current RRC state machine and state-transitions in the Evolved UTRAN. Improving  the RRC states and state-transitions  in EUTRAN is needed in order to fulfil the stringent delay requirements defined in 3GPP TR 25.913. When targeting these requirements in the future EUTRAN, efficient means to preserve UE battery power should be supported. A non-comprehensive list of functions affecting UE power-consumption is provided.    

We propose to capture the design targets from section 4 and the areas affecting design of the E-UTRAN RRC states from section 4.1 in the LTE SI report.

Less than 50msec





Less than 100msec





Dormant


(Cell_PCH)








Active


(Cell_DCH)





Camped-state














3GPP


_1180197225.doc


Idle to Cell_DCH 







URA_PCH to Cell_DCH







Cell_FACH to Cell_DCH











UE power consumption







Low







High







10’s of min’s







minutes







seconds







 hours







seconds







100’s of ms







10’s of ms







In-activity period







Access delay







 Cell_DCH












_1180200807.doc


Transition C to “active” 







Transition B to “active”







Transition A to “active”







 many hours







UE power consumption







Low







High







10’s of min’s







minutes







seconds







 hours







milliseconds







100’s of ms







10’s of ms







In-activity period







Access delay







“Active”












_1179918410.doc


CELL_FACH







CELL_DCH







CELL_PCH







URA_PCH







Idle Mode



















 in



 service







 out of



 service







Establish RRC







Connection







Connection







Release RRC







Establish RRC







Connection







Release RRC







Connection







 UTRA RRC Connected Mode



























 in



 service







 out of



 service







 out of



 service







 in



 service




















































