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1 Introduction

The main objective of the Rel-7 work item “Continuous Connectivity for Packet Data Users” is to reduce the uplink noise rise from physical control channels of packet data users, e.g. for users with temporarily no data transmission. This is intended to significantly increase the number of packet data users (i.e. HS-DSCH/E-DCH users without UL DPDCH) in the UMTS FDD system that can stay in CELL_DCH state over a long time period, without degrading cell throughput, and that can restart transmission after a period of inactivity with a much shorter delay (<50ms) than would be necessary for reestablishment of a new connection. The latest version of TR 25.903 V0.4.0 in [1] contains the following 7 continuous connectivity concepts:

· Uplink:

1. New DPCCH slot format (section 4.1)
2. Uplink DPCCH gating (section 4.2)

3. SIR_target reduction (section 4.3)

4. CQI reporting reduction (section 4.4)

· Downlink:

5. DRX at the UE (section 4.5)

6. Restricted HS-SCCH (section 4.6)

7. HS-SCCH-less operation (section 4.7)
The triggers for initiating and terminating the use of a continuous connectivity concept (in the following denoted as “ConCon mode”) relative to the start and end of active and inactive phases depend on the considered concept. For instance, for the uplink concept SIR_target reduction a candidate trigger for “ConCon initiation” includes an “inactivity timer”. And “ConCon termination” can be triggered by the arrival of new data in UEs MAC-e buffer.
Due to the fact that non-scheduled and scheduled transmission has been specified in Rel-6 for E-DCH transmission, we propose in this contribution appropriate uplink trigger for initiation and termination of ConCon mode, mainly applicable for the uplink concepts New DPCCH slot format, Uplink DPCCH gating and SIR_target reduction.
2 Defined terminology for the continuous connectivity concepts
Refer to [1] the following activity phases and phase transitions are being distinguished:
Concerning the activity phases:

· Active DL:
Packet on HS-PDSCH is transmitted to the UE in the TTI.
· Inactive DL:
No packet is transmitted on HS-PDSCH to the UE in the TTI.
· Active UL:
Packet on E-DPDCH is transmitted to the NodeB in the TTI.
· Inactive UL:
No packet is transmitted on E-DPDCH to the NodeB in the TTI.
Concerning the phase transitions:

· The following transitions are called “ConCon initiation”:

· Active phase to ConCon mode.
· Inactive phase where Rel-6 is applied as usual to ConCon mode.
· while the transition back is called “ConCon termination”:

· ConCon mode to active phase.

· ConCon mode to inactive phase where Rel-6 is applied as usual.
The triggers for initiating and terminating the use of a continuous connectivity concept relative to the start and end of active and inactive phases depend on the considered concept. For instance, for the uplink concept SIR_target reduction the following triggers are being considered:
Concerning “ConCon initiation”:
· Expiry of a timer which is started after MAC-e scheduler in NodeB has noticed via scheduling information that MAC-e buffer in the UE is empty; or

· NodeB and UE detect a predefined time interval of E-DCH inactivity.

Concerning “ConCon termination”:
· New data arriving in UEs MAC-e buffer; or
· E-DCH transmission; or
· HS-DPCCH transmission.

In Figure 1 a general timing diagram of the applicability of the continuous connectivity concepts based on the defined terminology is illustrated. With E0 to E5 we have described the events with which the different phase transitions are initiated. In Figure 1 we have assumed as starting point the initiation of physical channel establishment (denoted with E0). Further, an inactive phase after the establishment of DL/UL DPCCH (denoted with E1) has been included taking into account scheduling delays of HS-DSCH in DL and/or E-DCH in UL (denoted with E2). To simplify matters, we have not distinguished between DL and/or UL activity for the active phase. Correspondingly, the same applies for the inactive phase.
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Figure 1: Timing diagram according to defined terminology
3 Proposal for uplink trigger for initiation and termination of ConCon mode
We consider only the uplink concepts New DPCCH slot format, Uplink DPCCH gating and SIR_target reduction, and make the following assumptions:
· Non-scheduled and scheduled transmission is specified for E-DCH transmission.

· Allowed phase transition for “ConCon initiation”: active phase to ConCon mode.
· Allowed phase transition for “ConCon termination”: ConCon mode to active phase.
· Inactive phase corresponds to ConCon mode.
For the initiation and termination of ConCon mode we define the following variables:

· Timer T_inactivity for detection of traffic inactivity of UE during an “observation phase”. T_inactivity will be started at the time instant where no E-DCH transmission takes place. Accordingly, this timer will be stopped and reset at the time instant where an E-DCH transmission takes place. On expiry of T_inactivity the phase transition from active phase to ConCon mode shall be initiated.

· Timer T_activity defines a minimum duration of active phase. Main objective of this timer is to avoid any “ping-pong” effect on initiation and termination of ConCon mode.
· Trigger for (re-) activation in the inactive phase (=ConCon mode) relates to the RLC buffer status of logical channels which are mapped for non-scheduled and scheduled transmission. For instance, in case of non-scheduled transmission the phase transition from ConCon mode to active phase shall be initiated by arrival of new data in any of the RLC buffer(s) of the logical channel(s) which belong to a non-scheduled MAC-d flow. And in case of scheduled transmission the phase transition from ConCon mode to active phase shall be initiated for instance, if the sum of the RLC buffer status of all logical channels which belong to a scheduled MAC-d flow exceeds a defined threshold.
Figure 2 illustrates the timing diagram of the applicability of the continuous connectivity concepts based on the proposed uplink trigger. As in Figure 1 with E0 to E5 we have described the events with which the different phase transitions are initiated. According to Figure 2 the active phase comprises a minimum activity duration T-activity and the observation phase, which is started after expiry of timer T_activity (denoted with E3). In the observation phase T_inactivity will be started at the time instant where no E-DCH transmission takes place. Accordingly, this timer will be stopped and reset at the time instant where an E-DCH transmission takes place. Here, we assume an expiry of T_inactivity, so that with event E4 the phase transition from active phase to ConCon mode will be initiated. In the inactive phase (=ConCon mode) the trigger for (re-) activation is based on the RLC buffer status of logical channels for non-scheduled and scheduled transmission. Here, we assume that new data arrives in any of the RLC buffer(s) of all logical channel(s) which belong to a non-scheduled MAC-d flow, so that with event E5 the phase transition from ConCon mode to active phase (with the minimum duration T_activity) will be initiated.
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Figure 2: Timing diagram according to proposed uplink trigger
4 Summary
In this contribution we proposed appropriate uplink trigger for initiation and termination of ConCon mode, mainly applicable for the uplink concepts New DPCCH slot format, Uplink DPCCH gating and SIR_target reduction. The main characteristics of the proposed uplink trigger are:
· Timer T_inactivity for detection of traffic inactivity of UE during an “observation phase”. T_inactivity will be started at the time instant where no E-DCH transmission takes place. Accordingly, this timer will be stopped and reset at the time instant where an E-DCH transmission takes place. On expiry of T_inactivity the phase transition from active phase to ConCon mode shall be initiated.

· Timer T_activity defines a minimum duration of active phase. Main objective of this timer is to avoid any “ping-pong” effect on initiation and termination of ConCon mode.
· Trigger for (re-) activation in the inactive phase (=ConCon mode) relates to the RLC buffer status of logical channels which are mapped for non-scheduled and scheduled transmission. For instance, in case of non-scheduled transmission the phase transition from ConCon mode to active phase shall be initiated by arrival of new data in any of the RLC buffer(s) of the logical channel(s) which belong to a non-scheduled MAC-d flow. And in case of scheduled transmission the phase transition from ConCon mode to active phase shall be initiated for instance, if the sum of the RLC buffer status of all logical channels which belong to a scheduled MAC-d flow exceeds a defined threshold.
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