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1
Introduction
TSG RAN recently approved a new UTRAN Study Item: “Study on Further EUL Enhancements” in Rel-12 [1]. One of the objectives of this study item is to identify improvements and potential solutions related to reducing uplink latency. In some cases, increased latency could be caused by a suboptimal RRC protocol state transition during the resumption of the user plane data activity.
During RAN2#81bis meeting, there was a contribution identifying one example of such scenario with a potential scope for an improvement resulting in a better system performance [3]. During the discussion, some companies indicated their interest in exploring the problem of state transition optimisations further. This contribution tries to provide some further analysis and proposes a possible way forward.
2
Discussion

2.1
Analysis of the use cases with a risk of suboptimal state transition.
As it was described in a scenario given as an example in [3], there may be cases when the current RRC state control in the network could result in a suboptimal state transition, causing increased data latency or excessive use of network resources. In particular, this problem relates to RRC protocol state transition between a state with a lower availability of radio resources (CELL_PCH or URA PCH state) to the state with a higher availability of radio resources (CELL_FACH or CELL_DCH state). From the radio point of view, the general characteristics of the scenario which would require this type of transition are described below:
1. UE has been inactive (no user plane data activity) and transitions to CELL_PCH or URA_PCH state.

2. UE resumes user plane data activity and transitions to CELL_FACH.
3. UTRAN must make a decision if and when to move the UE to the appropriate state:

a. For a low amount of data activity the CELL_FACH state may be preferred.

b. For a high amount of data activity the CELL_DCH state may be preferred.

If the data activity is going to involve very little data being transferred, for example if some application running on the UE is sending a keep alive message, or a status update, then it may be desirable that the UTRAN allows this data activity to occur in CELL_FACH state. Moving the UE to CELL_DCH state for such data activity may be a poor use of UTRAN resources.  It can also result in unnecessary UE power consumption, especially if the UTRAN leaves the UE in CELL_DCH for some time after the data activity has completed.

Alternatively, if the volume of data activity is going to be larger, then it is desirable for this data activity to occur in CELL_DCH state. If the UTRAN were to initially place the UE into CELL_FACH state and only move the UE to CELL_DCH state once a large amount of DL data arrives in the RNC or a large amount of UL data is submitted to the UE RLC for transmission then there will be extra delay and a relatively poor user experience.

There may be also cases when the initial data activity is low (e.g. small size “request” message) followed by a much higher data activity (e.g. download or upload of the data). For example a small amount of uplink data may lead to large amounts of downlink data. Or a small uplink message may be followed by a large uplink message. By not moving to CELL_DCH immediately this will increase the data latency.
From the end user point of view, there may be different use cases triggering this scenario. Some more specific examples are given below:

· Content rich webpage download request using HTTP GET. 

· Taking a high quality picture with a camera and sending it in an e-mail or uploading it to the network.

· Using FTP client to request download or upload of a large file.
· Video streaming request.
· Others.
There could be different applications used by the user to initiate the request in the particular use cases above. The nature of the application used to trigger the request often allows predicting if a high or low amount of DL or UL data activity will follow after the initial request. 
2.2
Limitations of the UE assistance information in relation to the state transition.

In the uplink data resumption scenario from CELL_PCH or URA_PCH state described in the previous section, the UE RRC state is controlled by the network based on some input information from different sources. These could include a combination of:

1. DL data buffered in RLC in the RNC.

2. UL data buffered in RLC in the UE

3. Others

According to [2], the following UE assistance information may be available to the network to support the decision to the appropriate state during uplink data transmission resumption:

· 'Traffic Volume Event Identity' set to '4a' - If the amount of UL data buffered in RLC in the UE exceeds a threshold and if the sending of this has been configured by the UTRAN. This message is sent during the transition from CELL_PCH to CELL_FACH state in the Measurement Report Message (with Measurement Identity=16).
·   Traffic Volume Indicator (TVI) - For a UE in URA_PCH, or in CELL_PCH without a dedicated H-RNTI, UE sends a Cell Update message and that can contain a TVI if the UL data buffered in RLC exceeds a threshold.
· UL Traffic Volume Measurements (TVM) - If during the ongoing user data activity in CELL_FACH, the amount of uplink data buffered within RLC in the UE exceeds a preconfigured threshold (assuming that an appropriate Traffic Volume Measurement has been configured by the UTRAN) then the UE will trigger sending a Measurement Report message containing traffic volume information to inform the UTRAN about the amount of uplink data buffered within RLC in the UE.

However, in all of these cases the status of UL data notified to the network is whether or not the first amount of UL data buffered in RLC exceeds a threshold. In the case where a large amount of data in UL or DL follows the initial small amount of data, the current UL data threshold based mechanism could be suboptimal, resulting in a delayed transition to CELL_DCH state negatively impacting the user experience.

As described in the previous section, based on the nature of the application requesting access to radio resources, there may be some information available within the UE, but not available in the network, that relates to the expected data transmission activity. Currently, there is no means for the network to be able to exploit the UE knowledge about the data transition that is expected to occur. Using this type of information, to better support the state transition decision in the network, may be beneficial from the system point of view in terms of better usage of network resources, reduction of the unnecessary signalling overhead, lower latency, and improved energy efficiency in the UE. 
3
Conclusion
In the context of the discussion in section 2, it would be desirable to study as part of this SI, new mechanisms or improvements to existing solutions related to a more efficient RRC state transition decision in the network. Amongst others, this could include uplink user plane data resumption scenarios with a consideration given to mechanisms better exploiting the UE knowledge about the amount of uplink or downlink data expected to occur. The goal of such improvements would be a more accurate transition to the appropriate RRC protocol state, resulting in the reduction of the unnecessary signalling overhead, reduced UE power consumption, and improved data latency.

Based on the discussion of section 2, the following proposals are made:

Proposal 1: 

As part of this SI, it is proposed to study RRC state transition enhancements reducing uplink user data latency.

Proposal 2: 

Capture as part of TR 25.700 [1], the RRC state transition enhancements included in the Appendix of this document. 
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Appendix
It is proposed to include the following text in TR 25.700 [1].
5.5
RRC state transition enhancements
5.5.1
Background and motivation
Editor’s Note:  Background and motivation for this study area should be captured here.

One of the main objectives of this study are the improvements to the uplink latency. In some cases, this could be achieved by identifying drawbacks in the existing RRC state transition mechanisms.  To support this objective, it would be desirable to study, new mechanisms or improvements to existing solutions related to a more efficient RRC state transition decision in the network.
Amongst others, this could include uplink user plane data resumption scenarios with a consideration given to mechanism better exploiting the UE knowledge about the uplink or downlink data activity. The goal of such improvements would be a more accurate transition to the appropriate RRC protocol state, resulting in the reduction of the unnecessary signalling overhead, reduced UE power consumption and improved data latency.

5.5.2
Analysis
Editor’s Note: If needed, a detailed description of the current limitations should be captured here.

5.5.2.1
Uplink user plane data resumption limitations

In the uplink data resumption scenario from CELL_PCH or URA_PCH state, the UE RRC state is controlled by the network based on some input information from different sources. These could include a combination of:

4. DL data buffered in RLC in the RNC.

5. UL data buffered in RLC in the UE

6. Others

The following UE assistance information may be available to the network to support the decision to the appropriate state during uplink data transmission resumption:

· 'Traffic Volume Event Identity' set to '4a' - If the amount of UL data buffered in RLC in the UE exceeds a threshold and if the sending of this has been configured by the UTRAN. This message is sent during the transition from CELL_PCH to CELL_FACH state in the Measurement Report Message (with Measurement Identity=16).

·   Traffic Volume Indicator (TVI) - For a UE in URA_PCH, or in CELL_PCH without a dedicated H-RNTI, UE sends a Cell Update message and that can contain a TVI if the UL data buffered in RLC exceeds a threshold.

· UL Traffic Volume Measurements (TVM) - If during the ongoing user data activity in CELL_FACH, the amount of uplink data buffered within RLC in the UE exceeds a preconfigured threshold (assuming that an appropriate Traffic Volume Measurement has been configured by the UTRAN) then the UE will trigger sending a Measurement Report message containing traffic volume information to inform the UTRAN about the amount of uplink data buffered within RLC in the UE.

However, in all of these cases the status of  UL data notified to the network is whether or not the first amount of UL data buffered in RLC exceeds a threshold. In the case where a large amount of data in UL or DL follows the initial small amount of data, the current UL data threshold based mechanism could be suboptimal, resulting in a delayed transition to CELL_DCH state negatively impacting the user experience.

Based on the nature of the application requesting access to radio resources, there may be some information available within the UE, but not available in the network, that relates to the expected data transmission activity. Currently, there is no means for the network to be able to exploit the UE knowledge about the data transition that is expected to occur. Using this type of information, to better support the state transition decision in the network, may be beneficial from the system point of view in terms of better usage of network resources, reduction of the unnecessary signalling overhead, lower latency, and improved energy efficiency in the UE. 

5.5.3
Solutions
Editor’s Note:  A detailed description of each solution/enhancement should be captured here. If needed, each solution may be evaluated separately, using the following layout.
5.5.3.1
Description of solution x

5.5.3.2
Evaluation of solution x

5.5.4
Conclusions
Editor’s Note:  Overall conclusions for the identified solutions should be captured here.
