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1 Introduction

The main objective of the Rel-7 work item “Continuous Connectivity for Packet Data Users” (herein after referred to as “CPC”) 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 UTRA 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 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 completion date of the WI has been scheduled for RAN#34 (12/2006) and next step from RAN1 perspective is to decide which concepts should be selected to be standardized. For this purpose, RAN1 sent an LS in [2] to RAN2, RAN3 and RAN4 requesting feedback regarding the 7 CPC concepts.

In this contribution a brief overview of the CPC concepts and a first assessment of their impacts on RAN2 specifications are presented in section 2. Further, in section 3 MAC-controlled trigger for initiation and termination of CPC mode in uplink are proposed, which are applicable for the uplink concepts “New DPCCH slot format”, “Uplink DPCCH gating” and “SIR_target reduction” as well. L2 related trigger mechanisms have not been adequately taken into account so far.
2 Overview of CPC concepts and first assessment of their impacts on RAN2 specifications
In the following a brief overview of the CPC concepts and a first assessment of their impacts on RAN2 specifications are presented.
1. New DPCCH slot format 

· Description: This concept aims to reduce the DPCCH transmit power during periods with no uplink data transmission by introducing new DPCCH slot formats carrying: i) 6 pilot and 4 TPC bits; ii) 5 pilots and 5 TPC bits; iii) 4 pilot and 6 TPC bits. 

· Impact on RAN2 specifications:

· TS 25.306: Include “New DPCCH slot format” concept as radio access capability parameter if this concept would be specified as an optional feature.

· TS 25.331: Include the triggers for initiating and terminating the use of this concept. Depending on the number of new DPCCH slot formats UE needs to support, include the slot format(s) to use as part of the IE “Uplink DPCH info” in all (re-) configuration messages.
2. Uplink DPCCH gating

· Description: This concept aims to reduce DPCCH overhead of packet data users by turning off the DPCCH transmission when no E-DCH or HS-DPCCH is being transmitted. The basic idea of the concept is to stop continuous DPCCH transmission and to apply a known DPCCH activity (DPCCH on/off) pattern during periods with E-DCH and HS-DPCCH inactivity. The DPCCH transmission pattern defines a time period wherein a defined number of DPCCH slots are transmitted for synchronisation and power control purposes every X radio frames, e.g. a transmission pattern consisting of 3 slots DPCCH transmission & 27 slots DTX. Whenever the uplink has anything to transmit on E-DCH or HS-DPCCH the DPCCH transmission will be automatically reinitiated. 
· Impact on RAN2 specifications:

· TS 25.306: Include “Uplink DPCCH gating” concept as radio access capability parameter if this concept would be specified as an optional feature.

· TS 25.331: Include the triggers for initiating and terminating the use of this concept. Include the UL DPCCH activity pattern length as part of the IE “Uplink DPCH info” in all (re-) configuration messages.

3. SIR_target reduction

· Description: The proposed concept has the goal of substantially reducing the Tx power of the UL DPCCH (and thus, the generated noise rise) by reducing SIR_target for the UL power control during idle traffic periods, i.e. when nothing needs to be transmitted in UL on the E-DPDCH.

· Impact on RAN2 specifications:

· TS 25.306: Include “SIR_target reduction” concept as radio access capability parameter if this concept would be specified as an optional feature.
· TS 25.331: Include the triggers for initiating and terminating the use of this concept. 
4. CQI reporting reduction

· Description: The proposed concept has the goal to reduce the Tx power of the UE by reducing the CQI reporting (thus eliminating the interference from HS-DPCCH in UL) when no data is transmitted on HS-PDSCH in downlink. This could be achieved by switching the CQI reporting off ("CQI off") or by just a reduction of CQI reporting ("Reduced CQI") which does not switch off the CQI reporting completely.
· Impact on RAN2 specifications:

· TS 25.306: Include “CQI reporting reduction” concept as radio access capability parameter if this concept would be specified as an optional feature.
· TS 25.331: Include the triggers for initiating and terminating the use of this concept. Include the IE “CQI reporting pattern” (with CQI off as special case) as part of the IE “Measurement Feedback Info”.
5. DRX at the UE

· Description: In case of discontinuous transmissions or sustained DL and UL inactivity, the UE and UTRAN may limit the number of subframes where the UE needs to monitor the HS-SCCH, e.g. every 4th or 8th subframe. The most benefit of this DL concept can be obtained if it is combined with an uplink concept such as DPCCH gating, wherein aligned DTX and DRX gaps can be generated in which UE may transit to sleep mode in order to extend its battery life.

· Impact on RAN2 specifications:

· TS 25.306: Include “DRX mode concept” as radio access capability parameter if this concept would be specified as an optional feature.

· TS 25.331: Include the triggers for initiating and terminating the use of this concept. Include DRX cycle length(s) IE in all (re-) configuration messages.
6. Restricted HS-SCCH

· Description: The concept of restricted HS-SCCH aims to improve the downlink capacity of VoIP and other low data rate transmissions over HSDPA by reducing the power of HS-SCCH channel. This is achieved by reducing the information that is carried on the HS-SCCH for the first transmission from currently 21 bits to 1+ld(M)+N, whereby M is the number of supported HARQ processes and N is the number of required bits to select the HS-DSCH channelization code set. The actual numbers of M and N are FFS. Further, HS-SCCH is not transmitted for retransmissions due to the fact that HARQ retransmissions are synchronous. 

· Impact on RAN2 specifications:

· TS 25.306: Include “Restricted HS-SCCH” concept as radio access capability parameter if this concept would be specified as an optional feature.

· TS 25.331: Include the triggers for initiating and terminating the use of this concept. Include new set of parameters in the IE “Downlink HS-PDSCH information IE” needed to support the Restricted HS-SCCH mode concept, e.g. new set of HS-SCCH channelization codes in addition to the legacy HS-SCCH code set, number of supported HARQ processes and HS-PDSCH channelization code set. 
7. HS-SCCH-less operation

· Description: The concept of HS-SCCH-less HS-PDSCH operation aims to improve the downlink capacity of IMS real-time services such as VoIP by defining a new subframe format for HS-DSCH. This new HS-DSCH subframe format is transmitted without HS-SCCH and includes some constraints in terms of number of supported TB sizes, HS-PDSCH channelization codes, HARQ retransmissions etc. compared to the legacy HS-DSCH subframe format.

· Impact on RAN2 specifications:

· TS 25.306: Include “HS-SCCH-less HS-PDSCH operation” concept as radio access capability parameter if this concept would be specified as an optional feature.

· TS 25.331: Include the triggers for initiating and terminating the use of this concept. Include new set of parameters in the IE “Downlink HS-PDSCH information IE” needed to HS-SCCH-less HS-PDSCH operation mode concept, e.g. number of supported TB sizes, HS-PDSCH channelization codes and HARQ retransmissions. 
· TS 25.321: Modifications of UE operation due to the fact that there is no New Data Indicator.

In Figure 1 a general timing diagram of the applicability of the continuous connectivity concepts based on the terminology in [1] 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.
Basically, 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 a candidate trigger for “CPC initiation” includes an “inactivity timer”. And “CPC termination” can be triggered by the arrival of new data in UEs MAC-e buffer, E-DPDCH transmission or HS-DPCCH transmission.
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Figure 1: Timing diagram according to defined terminology
3 MAC-controlled trigger for initiation and termination of CPC mode in uplink
In this section MAC-controlled trigger for initiation and termination of CPC mode in uplink are proposed, which are applicable for the uplink concepts “New DPCCH slot format”, “Uplink DPCCH gating” and “SIR_target reduction” as well. The proposed triggers rely on Rel-6, wherein non-scheduled and scheduled transmissions have been specified for E-DCH. For the further discussion we make the following assumptions:
· Non-scheduled and scheduled transmission is specified for E-DCH transmission.

· Allowed phase transition for “CPC initiation”: active phase to CPC mode.
· Allowed phase transition for “CPC termination”: CPC mode to active phase.

· Inactive phase corresponds to CPC mode.

For the initiation and termination of CPC mode we propose the following triggers:

· 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 CPC 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 CPC mode.
· Trigger for (re-) activation in the inactive phase (=CPC 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 CPC 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 CPC 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 triggers. 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 CPC mode will be initiated. In the inactive phase (=CPC 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 CPC 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 a brief overview of the CPC concepts and a first assessment of their impacts on RAN2 specifications have been presented. The main conclusion of our first assessment is that it needs to be clarified whether the continuous connectivity concept to be selected should be standardized as mandatory or optional feature. 

Further, MAC-controlled triggers for initiation and termination of CPC mode in uplink have been proposed, which are applicable for the uplink concepts “New DPCCH slot format”, “Uplink DPCCH gating” and “SIR_target reduction”.  The MAC-controlled triggers include 
· Timer T_inactivity for detection of traffic inactivity of UE during an “observation phase”. 
· 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 CPC mode.

· Trigger for (re-) activation in the inactive phase (=CPC mode) relates to the RLC buffer status of logical channels which are mapped for non-scheduled and scheduled transmission. 
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