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1.  Background

For applications that need to transmit data when the UE is in CELL/URA_PCH state, the transition time to DCH is often one of the major factors that influence the user performance. This is particularly evident for higher data rates, where the transmission time of the data is decreases whereas the transition time to DCH remains the same.

In the study item for enhancements on the uplink DCH for Rel-6, several proposals exist on how to improve the performance of the uplink dedicated channel. These proposals are expected to provide better user performance in terms of packet delay and throughput when operating on the DCH. However, in many situations, the UE is in CELL_PCH or URA_PCH at the time when data need to be transmitted. A typical example could be for web browsing when the reading time of each page is so large that the RNC has moved the UE to CELL/URA_PCH at the time the next web page is requested. In this situations, the time to move the UE from CELL/URA_PCH to DCH is equally important for the user performance as the data rate or delay on the DCH itself. In this document we propose a simple enhancement to the Cell Update procedure that makes it possible to reduce the DCH setup time significantly. The proposal should be seen as a way to improve the user performance in general but the solution may be particularly interesting for the enhanced uplink.

2.  Typical signalling Sequence

When a UE in CELL/URA_PCH needs to transmit uplink data, the typical signalling sequence is shown in Figure 1 below. In step 1, the UE sends a Cell Update message to indicate that it has uplink data available to transmit. In step 2, UTRAN responds with transmitting a Cell Update Confirm message which acknowledges the Cell Update Message and order the UE to enter CELL_FACH state, where data transmission is possible. In step 3, The UE transmits a UTRAN Mobility Information Confirm message to acknowledge the Cell Update Confirm message. It is now possible for the UE to transmit data on RACH (i.e. it is in CELL_FACH state). If the available amount of data (Traffic Volume) is above a configured threshold the UE transmits a Measurement Report to inform UTRAN about the available amount of data (step 4). When UTRAN receives the Measurement Report it can decide  to move the UE to CELL_DCH since the RACH has very limited performance. UTRAN therefore sends a Radio Bearer Reconfiguration message in step 5 to move the UE to CELL_DCH. The UE responds with a Radio Bearer Reconfiguration Confirm message in step 6, which acknowledges the received message. Now the UE has entered CELL_DCH and can transmit data on the DCH.

As can be seen a typical DCH setup requires several steps, which results in a rather long delay for the DCH setup. The UTRAN could order the UE to CELL_DCH without waiting for the measurement report, but in that case it is not known if the UE has sufficient amount of UL data to motivate  a transition to CELL_DCH. It should be noted that in case the UE only have small amount of data to transmit it would be contra-productive to perform a channel switch. The reason is that the switch itself may take several hundred ms to perform depending on e.g. radio conditions and Iub delay. During the channel type switch no data can be transmitted which causes an interruption in the data transmission. Also code resources needs to be allocated to the UE in CELL_DCH unnecessarily.
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Figure 1 Normal signalling sequence for moving a UE from CELL/URA_PCH to CELL_DCH (UE initiated transmission)

Direct transfer to CELL_DCH

In principle it would also be possible with the current 3GPP specifications to order the UE to CELL_DCH directly in the Cell Update message. This would result in a signalling sequence as shown below.
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Figure 2 Alternative signalling sequence for moving a UE from CELL/URA_PCH to CELL_DCH (UE initiated transmission)

In this alternative, the UTRAN orders the UE to CELL_DCH already in the Cell Update Confirm Message in step 2. The UE responds with a Radio Bearer Reconfiguration Complete message in step 3 and can then start to transmit data on DCH. 

The advantage with this signalling sequence is that the DCH setup delay is significantly reduced. The drawback is however that UTRAN has no knowledge about the amount of UE data to be transmitted. This means that UTRAN need to order all UEs which has UL data to transmit to CELL_DCH even if this would reduce the performance and consume unnecessary resources in case the UE has little data to transmit.

Delay Comparison

The delay for the signalling sequences have been estimated with the following method: The transmission time of the message over Uu is estimated for typical message sizes by counting the number of needed TTIs using the reference RABs in 34.108.  A fix delay of 50 ms is added to each message transmission to reflect Iub delay, RLC level retransmissions, the RACH ramping process and processing in RNC and Node B. Ue processing is added according to the requirements in 25.331 section 13.5.2.  When UTRAN and UE implementations improve over time, shorter message transfer times could be expected in future system deployments. However this does not significantly change the conclusions made here.

With the above assumptions the signalling sequences are estimated to take 630 ms and 320 ms for the typical and modified sequence respectively. In case of high data rates and then in particular for the enhanced uplink with data rates of 384kbps-1Mbps this gives an significant part of the delay for many applications. Consider e.g. a web surfing application where the average packet size is in the order of 20kbyte. The transmission of an average packet takes approximately 160-400 ms with 384 kbps- 1Mbps data rate. Thus, the reduction in the total transmission time (including DCH setup) can be reduced in the order of  30-40% with the direct transition to DCH.

It should be noted that a more detailed modelling of RLC retransmissions and the RACH ramping procedure may prolong the time for the signalling sequences further. These factors would however increase the difference between the sequences even further since the alternative signalling flow have less messages on RACH.  

Proposal

It has previously been proposed in RAN2 by e.g. Nokia [1] to enhance the CELL_UPDATE message with information about the available UL traffic volume. This would however mean that the size of the CELL_UPDATE message needs to be increased significantly and it would no longer fit into one RLC PDU. As an alternative to that approach it is proposed to indicate with a flag if the total traffic volume over all logical channels is above the traffic volume threshold configured for the traffic volume measurement. This information is considered sufficient to assist UTRAN in the decision if a UE should be moved to CELL_DCH or not and could facilitate the direct transfer to CELL_DCH from CELL/URA_PCH.

Some alternatives to implement this flag exist:

Alt A:

Extend the Cell_update message with a single bit flag to indicate if the TV is above the threshold. With the ASN.1 coding the message size would be increased by 1 bit.

Alt B: 

Use one of the reserved code points for the CellUpdateCause (1 spare value) or EstablishmentCause (12 spare values). This method would not increase the message size at all.

It is here assumed that UTRAN not necessarily need to know if the uplink data belongs to a radio bearer or a signalling radio bearer. However, if that is desirable it would be possible to indicate this also.  In method A this would require an additional bit in the message. In Alt B this could be achieved by using the current spare values in a way such that the message size is not affected using the current spare values.

Example (with use of spare values for EstablishmentCasue):

Code point A: RB data above threshold

Code point B: SRB data above threshold

Code point C: RB and SRB data above threshold.

Note that in this example the Traffic Volume is indicated separately for RBs and SRBs. With method A this would require 2 bits extension of the Cell Update message.

It should be noted that with the proposed solution, the order to move the UE to CELL_DCH is not ciphered. However, this should not be a major problem since integrity protection is applied. One issue that should also be considered is how the UE triggers the Cell Update with cause UL data transmission. If a burst of data is delivered to RLC and the Cell Update is triggered when the first SDU has been segmented to PDUs, the result could be that the UE concludes that the TV threshold is not exceeded (although the amount of available data is large). 
Even if the definition of the RLC buffer occupancy in 25.321 indicates that all data available for transmission and retransmission shall be considered in the calculation of traffic volume, this issue may need to be clarified when the rules for setting the TV indicator is specified. This is not expected to be a major issue since an application is likely to deliver all the data in a burst in one go to RLC.

With alternative B the traffic volume flag can not be indicated together with an existing Establishment Cause value. It is however expected that when any of the existing Establishment Cause values are used, this anyway gives sufficient information to UTRAN and the Traffic Volume flag is not needed. Thus the Traffic Volume flag would only be needed when the Cell Update Cause value "Uplink data transmission" is used. 

Conclusion and Recommendation

In order to reduce the DCH setup time from CELL_PCH and URA_PCH it is desirable to be able to perform a direct switch to CELL_DCH. To facilitate a direct switch we propose to modify the format of the CELL_UPDATE message to indicate whether the UE has a traffic volume above a configured threshold (which is proposed to be the same as the threshold for triggering of the traffic volume measurement).

We have no strong preference on the method to modify the CELL_UPDATE message, although method B has the nice property that it does not increase the CELL_UPDATE message size. It should also be considered to indicate this information separately for RBs and SRBs, especially for method B since this could be indicated without increase of the message size. It is not expected that an establishment cause needs to be given at the same time as the Traffic Volume information since the establishment cause itself gives sufficient information to UTRAN to assist in RRM decisions in other cases than for Cell Update with cause value "Uplink data transmission"
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