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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

WCDMA currently serves as the dominant mobile broadband technique. The number of connections for WCDMA users and the average user date rate have continued to increase in the past years and will further increase in the coming years, which requires WCDMA to evolve further from both uplink and downlink perspective.  
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP RP-141657: "Study on Downlink Enhancements for UMTS".
[3]
3GPP TS 25.331, "Radio Resource Control (RRC)".
…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Objectives of the Downlink enhancements for UMTS Study
The objectives of this study are ([2]):
· Investigate mechanisms to enhance DL control channel performance, for example: (RAN1) 
· Repeat DL TPC commands in a number of consecutive slots to allow soft combining at the UE in order to reduce DL TPC transmit power. 
· Investigate mechanisms to enhance downlink signaling performance on overhead and latency, especially for the case of RRC state transition and parameter updating. (RAN2)
· Investigate mechanisms to enhance SRB coverage over HSPA.(RAN2)
The study shall include considerations to minimize the impact on physical layer and legacy terminals and networks.
5
Study Areas
5.1
Downlink control channel performance improvements
5.2
Downlink signalling performance enhancements
5.2.1
Enhanced signalling on RRC parameters configuration
5.2.1.1
Background and motivation
So far, there are many features defined by 3GPP cellular standards, for example, there are HSDPA, HSUPA, DTX-DRX and Multi carrier used in CELL_DCH state. Based on the current RRC specification, the UE will maintain a RRC variable and check this variable based on the received configuration information.
When the UE leaves CELL_DCH state, the UE shall remove the stored physical channel configurations and configurations of features that could be configured only in CELL_DCH state.
Considering various applications for smart phones, CELL_PCH would be widely used so that frequent RRC state transition between CELL_PCH and CELL_FACH/CELL_DCH are foreseen. Here is an observation from real networks.
Table 5.2.1.1-1: RRC state transition
	
	PS call duration (s)
	Total number of state transition (including CELL_FACH to/from CELL_DCH, CELL_FACH to/from CELL_PCH)
	Duration in CELL_DCH (s)
	Duration in CELL_FACH (s)
	Duration in CELL_PCH (s)

	Network 1
	258
	5.88
	35
	15
	208

	Network 2
	789
	4.57
	141
	52
	596

	Network 3
	233
	6.71
	67
	27
	139

	Note: for state transitions from CELL_PCH to CELL_FACH and CELL_FACH to CELL_DCH, most of transitions are caused by downlink or uplink data transmission.


Different RRC procedures like for example RB Setup, RB Release and RB Reconfiguration are used to reconfigure the RAB-, RB/SRB-, transport channel- and physical channel parameters in the UE from one “old configuration” to another “new configuration”. The reconfigurations are typically triggered by data activity/inactivity of existing radio bearers or setup/release of new radio bearers. 

Configurations can be signalled to the UE in the following ways, see ref [3]:
Complete configuration: the full set of parameters specifying the new configuration, or a subset of the parameters representing the delta between old and new configuration, is included in the RRC message. This option can be used by the network for the RRC procedures.

Predefined configurations: Instead of signalling the complete configuration the RRC message contains an identifier to one predefined configuration that the UE has already acquired via system information (SIB16).

Default configuration: Instead of signalling the complete configuration the RRC message contains an identifier to one of the default configurations specified in [3]. Default configurations are only available for CS radio bearers, stand-alone signalling radio bearers and Cell_FACH. There is no possibility to have any other values of the parameters than the ones specified.

Predefined and default configurations can only be applied for the following RRC messages:

•
RRC Connection Setup

•
Handover to UTRAN Command (in case of handover from GERAN)

•
RB Reconfiguration (only in case the message is sent through GERAN Iu mode)

In summary the predefined and default configuration are not very flexible and the procedures where they can be applied are limited.

When the complete configuration is signalled, large RRC messages will be generated which can impact both latency and retainability, especially in bad radio conditions or at the cell border.
5.2.1.2
Analysis
When RRC reconfigurations are repeated multiple times, e.g. at recurring RRC state transitions, the UE will typically toggle between a limited set of configurations. Today the network can decide to send all configuration parameters in RRC signalling each time an RRC procedure is executed. If the configurations could be stored in the UE and not having to be repeated when the same procedure is triggered again, the RRC signalling overhead can be considerably reduced. With shorter RRC messages less time is spent on air interface transmission and there is a reduced probability to lose RLC PDU’s, which increases the retainability. When the message size is reduced the latency for the signalling procedure is also reduced and resources are saved.
5.2.1.3
Solutions
Editor’s Note: At RAN2#88, it was agreed:
· We will study mechanisms to allow the re-use of RRC configurations during state transitions from/to CELL_DCH.  The re-use of RRC configuration is not supported for transitions to/from idle mode.    Transitions between other non CELL_DCH states is FFS.

· FFS what configuration parameters we should consider 

· We will study the possibility to allow the UE to store multiple configurations.   FFS if partial configuration is possible.  

5.2.1.4
Conclusions
Editor’s Note: Overall conclusions for the identified solutions should be captured here.
5.2.2
Improved RRC synchronized procedures
5.2.2.1
Background and motivation
In synchronized RRC procedures the RNC sends an activation time to the UE indicating the exact CFN when the UE should switch to the new configuration. When defining the CFN the RNC has to add extra margins for various delays to increase the likelihood that the message has reached the UE and has been processed before the activation time occurs. The margins taken into account are e.g. for RLC retransmissions or HARQ retransmissions (in the case of SRB on HS), transport network delay, long UE processing time etc. These extra margins are usually set rather conservatively with worst case scenarios in mind. In many cases they are not needed and the procedure could normally have been done much faster.

As the RNC has to make a trade-off between time and robustness, there can also be cases when the needed margins are too large to be practical so that the ones added by RNC are not enough and the UE may not be ready to activate the new configuration when the activation time is reached. This could happen e.g. when there are too many retransmissions. There is then a risk that the RBS and the UE do not switch to the new configuration at the same time and there is a misalignment between the UE and the RBS for at least a CFN cycle adding an additional delay of up to 2.56 seconds and increasing the risk for a dropped call.
5.2.2.2
Analysis
Figure 5.2.2.2-1 shows the current handling of RRC synchronized procedures. In the RRC reconfiguration message an exact CFN is sent indicating when the switch to the new configuration should be done.
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Figure 5.2.2.2-1:
The existing RRC synchronized reconfiguration procedure
5.2.2.3
Solutions
Editor’s Note: At RAN2#88, it was agreed:
· We will study improved mechanism for switching to new configuration in RRC synchronized procedures.  FFS what messages the improved mechanism would apply to.  

5.2.2.4
Conclusions
Editor’s Note: Overall conclusions for the identified solutions should be captured here.
5.2.3
UE autonomous state transition
5.2.3.1
Background and motivation
Even though the HSPA wireless technology has a feature called enhanced DL/UL for CELL_FACH, which allows a UE to stay longer in the power efficient CELL_FACH state, there are still many cases when a UE has to be moved to the CELL_DCH state. One of the most common reasons is when a mobile phone receives or sends large volumes of data. It results in constant ping-pongs between different states, in particular between CELL_DCH / CELL_FACH and  CELL_FACH / CELL_PCH. In turn, it creates signalling problems at the RNC side that resorts for moving a UE constantly between the aforementioned states.

Here we present some results on how many state transitions a UE could experience upon receiving the application level data, which was recorded from RAN. We assume that the operator enables DCH, FACH, and PCH states, and the UE supports enhanced DL and UL in the FACH state. The network can move a UE between the aforementioned states; for the sake of simplicity, the direct transition from DCH to PCH was disabled. The network moves a UE from FACH to DCH if the buffer size exceeds the threshold of 5 Kbytes. If the UE buffer stays smaller than 5 Kbyte for at least 5 seconds, then it is moved back to FACH. The same timeout of 5 seconds is used to move a UE to PCH.
[image: image3.emf][image: image4.emf]
Figure 5.2.3.1-1: Recorded application traffic traces
Figure 5.2.3.1-1 presents two traffic traces we inject into the state simulator. As can be seen, the first one is a shorter trace with only a few large bursts of data, whereas the second one represents the longer interaction with a number of periods of inactivity and bursty data transmissions. Despite these differences, these two traffic sources share common characteristics, as summarized in Table 5.2.3.1-1 and Table 5.2.3.1-2. In particular, the share of the time a UE spends in each state is quite similar. Furthermore, as can be seen from Table 5.2.3.1-2, the state transition intensity is almost identical for both sources.
Table 5.2.3.1-1: RRC state summary
	Trace
	DCH time [%]
	FACH time [%]
	PCH time [%]
	RRC transition time [%]

	Trace 1
	9.6
	17.8
	71.4
	1.3

	Trace 2
	6.6
	27
	64.7
	1.7


Table 5.2.3.1-2: RRC state transition summary
	Trace 
	DCH->FACH
	FACH->DCH
	FACH->PCH
	PCH->FACH
	Total
	1/s

	Trace 1
	2
	3
	10
	10
	26
	0.07

	Trace 2
	35
	35
	112
	112
	294
	0.08


5.2.3.2
Analysis
As it can be observed from the data above, regardless of the traffic profile, there can be several RRC state transitions during data call; whether they are mostly between DCH and FACH, or between FACH and PCH, is governed by a particular application type.

Typically, a RRC state transition is accomplished by exchanging RRC messages such RADIO BEARER RECONFIGURATION and RADIO BEARER RECONFIGURATION COMPLETE, each of which also triggers a RLC-ACK exchange. Thus, frequent state transitions will result in a certain signalling load due to exchange of the aforementioned messages. It is also worth noting that smart phones can implement a special indication to the network, called signalling connection release indication (SCRI), which asks to move a UE to a more power efficient state. A typical network reaction to such a request is to re-configure a UE immediately to a more power efficient state. As follows from Figure 5.2.3.2-1, it results in even more messages exchanged between a UE and RNC.
[image: image5.emf]
Figure 5.2.3.2-1: State transition with SCRI
In the legacy networks (Rel-8 onward), the network has to send explicitly the RRC message to move a UE into a more power efficient state, e.g., CELL_FACH or CELL_PCH. 
5.2.3.3
Solutions
Editor’s Note: At RAN2#88, it was agreed:
· We will study mechanisms for UE autonomous state transition based on an inactivity timer.  A handshake mechanisms will be introduced to address any potential mis-synchronization between the UE and the network.  The details of the handshake mechanisms are FFS.   The states to which inactivity timer applies to are FFS.  

5.2.3.4
Conclusions
Editor’s Note: Overall conclusions for the identified solutions should be captured here.
5.2.4
Seamless URA_PCH state transition to CELL_FACH
5.2.4.1
Background and motivation
In the absence of data activity, but in the case of a need to maintain a data connection, the network has two major choices with regards to which RRC state a UE should be assigned to: URA_PCH or CELL_PCH/CELL_FACH state. For the sake of technical completeness, CELL_DCH state would be possible, but less battery and resource efficient. Speaking of URA_PCH and CELL_PCH/CELL_FACH state, there are some pros/cons trade-offs. On the one hand, CELL_PCH/CELL_FACH provides means for fast reconfiguration to the CELL_DCH state (for PCH, especially when a UE and the network support HS channels for CELL_PCH). However, while staying in the CELL_PCH/CELL_FACH state, a UE sends the CELL UPDATE message every time it re-selects from one cell to another. In the dense cell environment it can create a noticeable load on the RNC. The URA_PCH state does not have problems with a storm of CELL UPDATE messages because the latter is not sent as long as a UE stays within a particular URA area. However, the drawback of URA_PCH is that the network must always page the whole URA area to reach a UE. Furthermore, since a UE does not keep the xx-RNTI variables in URA_PCH, the seamless transition from URA_PCH to CELL_FACH is not feasible either even when the network supports enhanced DL/UL for CELL_FACH. As a result, a UE must always first send the CELL UPDATE message. 

In rural and sub-urban cell deployments, a choice between the URA_PCH and CELL_PCH/CELL_FACH state might be less critical because the number of CELL UPDATE messages sent during cell re-selection is less due to large cell sizes. In dense deployments, large number of cells poses higher challenges with regards to the number of transmitted CELL UPDATE messages during the cell reselection process, thus, URA_PCH may be more suitable.
Similar considerations can be made (regarding the impacts of Cell Updates due to cell reselection) for the same deployment scenario, but considering different UE speeds. In particular, low-speed UEs are expected to experience less cell reselections (than higher-speed UEs).
5.2.4.2
Analysis
CELL_PCH has been enhanced to enable a seamless transition to CELL_FACH (without need to send Cell Update). But frequent cell update messages are still possible in case of frequent cell reselections.

For URA_PCH state, the cell update procedures caused by cell reselection are reduced obviously, but the cell update procedures cannot be avoided when there is a state transition from URA_PCH to CELL_FACH state, because so far seamless transition is only valid from CELL_PCH to CELL_FACH.

5.2.4.3
Solutions
Editor’s Note: At RAN2#88 based on the discussion on Small data transmission enhancements for UMTS, it was agreed:
· We will study mechanisms to seamless URA_PCH to CELL_FACH transitions, including support for mobility scenarios. (Note: RAN2 also agreed that the proposals associated to seamless URA_PCH transitions would be treated under agenda items for both Downlink enhancements and Small data transmission) 

5.2.4.4
Conclusions
Editor’s Note: Overall conclusions for the identified solutions should be captured here.
5.3
SRB coverage over HSPA enhancements
5.3.1
Improved HARQ retransmission

5.3.1.1
Background and motivation
Editor’s Note: Background and motivation for this study area should be captured here.
5.3.1.2
Analysis
Editor’s Note: If needed, a detailed description of the current limitations should be captured here.
5.3.1.3
Solutions
Editor’s Note: A detailed description of each solution/enhancement should be captured here.
5.3.1.4
Conclusions
Editor’s Note: Overall conclusions for the identified solutions should be captured here.
6
Impact on RAN WGs
The following sections provide a high level description of the specification impact for different Working Groups due to the introduction of the features in this Technical Report.
6.1
Impact on RAN1 specifications
6.2
Impact on RAN2 specifications
6.3
Impact on RAN3 specifications
6.4
Impact on RAN4 specifications
7
Conclusions
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