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1
Introduction
TSG RAN recently approved a new UTRAN Study Item proposal: “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. This contribution provides further analysis of this aspect, identifies some existing problems and proposes a possible way forward.
2
Discussion

2.1
Resumption of data activity from CELL_PCH or URA_PCH states with UMTS Enhanced CELL_FACH.

Enhanced CELL_FACH state feature was introduced in release 7 of the UMTS specifications [2]. With this feature a UE that is CELL_FACH state can be configured to receive DL signalling and data via the HS-DSCH transport channel instead of the FACH transport channel. The use of the HS-DSCH transport channel in the downlink can provide higher throughput and shorter delays compared with the use of the FACH transport channel.
In addition, another aspect of the enhanced CELL_FACH feature is that a UE that is in CELL_PCH state can be configured to receive DL signalling and data via the HS-DSCH transport channel instead having to monitor the paging channel. This can improve the transition from CELL_PCH state to CELL_FACH state in order to eliminate the Cell Update and Cell Update Confirm messages.
A message sequence for the resumption of data activity from CELL_PCH state for the Enhanced CELL_FACH case is shown in Figure 1. This is where UE and UTRAN support Enhanced Cell_FACH in PCH states, and where UE has been configured with a dedicated H-RNTI and a C-RNTI.
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Figure 1: Resumption of user plane data activity in UMTS Enhanced CELL_FACH
Figure 1 shows a sequence of events when a UE is initially in CELL_PCH state with no user plane data activity and then user plane data activity needs to be resumed. The steps are:

1. UE is initially in CELL_PCH state. The UE is configured with a C-RNTI, H-RNTI and the appropriate HS-DSCH information in order to receive DL data via the HS-DSCH.

2. User plane data activity is resumed. This may be mobile originated, for example due to an application in the UE starting to generate uplink data, as shown by step 2a. Alternatively, this may be mobile terminated as shown in steps 2b, in which case the DL data arrives in the UTRAN and the UTRAN forwards this DL data to the UE via the HS-DSCH. 

3. On mobile originated uplink data transmission or a reception of data via the HS-DSCH (or more specifically on reception of a downlink scheduling indication sent to the UE's H-RNTI over the HS-SCCH physical channel), the UE transitions from CELL_PCH state into CELL_FACH state.

4. The UE sends Measurement Report to the UTRAN. This Measurement Report used a fixed value of 16 for the 'measurement identity' even though no measurement may have been configured by the UTRAN with this value of 'measurement identity'. When seeing this fixed value the UTRAN may determine that the UE has moved out of CELL_PCH state into CELL_FACH state. In addition, in the mobile originated case, the message could contain a 'Traffic Volume Event Identity' set to '4a' if the amount of UL data buffered in RLC in the UE exceeds a threshold, if the sending of this has been configured by the UTRAN (by configuring appropriate Traffic Volume Measurement information, include a threshold, within system information or within a Measurement Control message).

5. User plane data transfer, in both uplink and downlink directions, may now take place. Note that in the mobile originated case, if the Measurement Report sent in step 4 included the traffic volume event '4a', then the uplink transmission of user data may be inhibited for a amount of time configured by the UTRAN as part of the Traffic Volume Measurement information. This gives a time window to allow the UTRAN to choose to move UE to Cell_DCH before data is sent.

6. If 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.

7. The UTRAN makes a decision to move the UE into CELL_DCH state. This decision may be based on the amount of UL data buffered in RLC in the UE, if a UTRAN has received the 'Traffic Volume Event Identity' set to '4a' at step 4 of the sequence or if the UTRAN received the Measurement Report at step 6. Alternatively, the UTRAN may make the decision based on amount of DL data buffered in RLC in the RNC.

8. The UTRAN sends reconfiguration message, for example a Radio Bearer Reconfiguration, to command the UE to move to CELL_DCH state. Typically this message would also configure the UE with an HS-DSCH channel in the DL direction and E-DCH channel in the uplink direction (these may be referred to as HSPA resources).

9. The UE transitions from CELL_FACH state to CELL_DCH state.

10. The UE sends the Radio Bearer Reconfiguration Complete message.

11. User plane data transfer, in both uplink and downlink directions, can now take place using the HSPA resources in CELL_DCH state.

The following information is available to the UTRAN in making its decision when to move the UE into CELL_DCH state:

1
UL Traffic Volume Measurements (TVM) in the Measurement Report Message at step 6.

2
'Traffic Volume Event Identity' in the Measurement Report Message at step 4.

3
DL data buffered in RLC in the RNC. 

Note that it is also possible for the RNC to make the decision to move the UE into CELL_DCH at step 2b of the sequence just after the first data arrived in the RNC from the core network. In such a case the RNC could choose to send a Radio Bearer Reconfiguration, to command the UE to move to CELL_DCH state, at step 2b instead of sending the user plane data to the UE.

2.2
Resumption of data activity from CELL_FACH state with UMTS Enhanced CELL_FACH.
If the UE is initially in CELL_FACH state and has uplink data to send, it is able to start sending that data immediately (i.e. it is not necessary for RRC signalling such a the Measurement Report of step 4 of Figure 1 to occur first). If the amount of uplink data buffered within RLC in the UE exceeds a preconfigured threshold 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. Upon reception of this Measurement Report message the UTRAN may make a decision to move the UE into CELL_DCH state. Alternatively, the UTRAN may make a decision to move the UE into CELL_DCH state based on the amount of DL data buffered in RLC in the RNC. The sequence of events will correspond to steps 5-11 of Figure 1.

2.3
Problem - Uplink layer 2 buffer status is poor indication of expected data activity.
When the UE that has been inactive in CELL_PCH or URA_PCH state resumes data activity, then the UTRAN must make a decision if and when to move the UE to CELL_DCH state.
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 a data activity may be a poor use of UTRAN resources and, if the UTRAN leaves the UE in CELL_DCH for some time after the data activity has completed, it can result in unnecessary UE power consumption.

Alternatively, if the data activity is going to be significant, for example, if the user is going to send or receive large emails or download web pages, 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 poor user experience.

However, in the case of Enhanced CELL_FACH, the Traffic Volume Event Identity in the Measurement Report sent with Measurement Identity=16 only relates to uplink data within the RLC buffers and only the first amount of data sent. 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 latency. There is no means for the network to be able to exploit knowledge or information that may be available within the UE about the data transition that it expected to occur.

Another issue is the configuration of the threshold for controlling inclusion of the 'Traffic Volume Event Identity' in the Measurement Report Message at step 4. If it is set too small the device will move to CELL-DCH too often and reduce battery lifetime; similarly if it is too large the device will not move to CELL-DCH enough wasting battery life and increased latency. Here are the possible sizes Enumerated(8,16,32,64,128,256,512,1024,2K,3K,4K,6K,8K,12K,16K,24K,32K,48K,64K,96K,128K,192K,256K,384K,512K,768K). Most networks are setting the buffer sizes to a very small value such as only 8 bytes. In addition for the 'Traffic Volume Event Identity' to even be reported it must be configured by the network.

In the context of the discussion above, it would be desirable to improve the existing RLC uplink buffer status reporting procedure by introducing mechanism 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 reduction of the unnecessary signalling overhead, reduced UE power consumption and improved latency.
3
Conclusion
Based on the discussion of section 2, the following proposals are made:

Proposal 1: RAN2 should investigate existing limitations of the RLC uplink buffer status mechanism in the context of the expected data activity.
Proposal 2: RAN2 should discuss potential improvements exploiting the knowledge or information that may be available within the UE about the amount of uplink or downlink data expected to follow. 
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