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1. Introduction

This document is a summary of a design for continuous packet connectivity, intended to highlight the ways in which this proposal interacts with RAN2 subjects.  The proposal, described in detail in [4] and [5], is at the stage of inclusion in a TR (25.903) in RAN1; the intent of this document is to bring RAN2’s attention to relevant aspects of the proposal.
The proposal arises from consideration of several different traffic scenarios:

· Sparse, bursty use of resources on both UL and DL (e.g., web browsing)

· Heavy DL usage with little or no UL (e.g., large file download)

· Heavy UL usage with little or no DL (e.g., large file upload)

The goal is to reduce as far as possible the overhead associated with the resources that are not being actively used, via DRX/DTX at the UE.
2. General Description
Under the proposal of [4] and [5], the CELL_DCH state is subdivided into a set of “connection substates”:
· Active: Normal connection status, with control and data traffic on UL and DL as they are today.
· Connected: The user plane is inactive or experiencing only light activity, but resources are maintained, allowing the connection to be reactivated.
The Connected substate is further divided into “Connected 1” and “Connected 2”, representing a “shallow” and “deep” reduction respectively in activity on the PS connection. 

These substates belong essentially to the physical layer, in that the state transitions are mediated by physical-layer signalling and the important procedures affected by them are physical-layer procedures.

Figure 1 shows the substates as they relate to the RRC states.
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Figure 1: States and substates, with transitions

The state transitions shown are the same ones already existing in the RRC.  The substate transitions within CELL_DCH will be treated in more detail below.
The UE is intended to maintain its general context unchanged while in the Connected substates.  In particular, measurement and mobility can take place in these substates, and UE identities are maintained.

3. Details of CELL_DCH Substates
The CELL_DCH substates can be generally summarised as follows:
· Active: regular transmission of UL channels and reception of DL channels.
· Connected 1: reduced transmission of HS-DPCCH and possibly of UL DPCCH.  The reception of DL channels is no different than in the Active substate. 

· Connected 2: Reduced reception of DL channels (DRX), with the UE monitoring a limited subset of HS-SCCHs in the time domain. Reduced transmission of HS-DPCCH and DPCCH in the UL (DTX), to maintain tracking of the UE (power, timing, etc), but with a lowered update rate. 

In the Connected substates, the reduced HS-DPCCH means that if a downlink transmission is scheduled for the UE, the most recent CQI report available to the network will be less recent than if the HS-DPCCH were operating normally (how far “out of date” it is depends on the DTX cycle).  In this situation the network uses this CQI, even though it may not be as accurate as desired, and may trigger a transition to the Active substate.

In the Connected 2 substate, the UE and UTRAN need to have a synchronised transmission/reception cycle for the HS-SCCH, and also for the uplink DPCCH.

In general, both the network and the UE need to know the UE substate with good reliability.
Active Substate
The Active substate is precisely the current CELL_DCH state; it is not proposed to make any modifications to the state-level behaviour on either the UE or network side.
Connected 1 Substate

DL monitoring in the Connected 1 substate is the same as in the Active substate.  However, UL transmission on the HS-DPCCH is reduced using a DTX cycle, and power control on the DPCCH may be modified to reduce transmission power there.  This substate is intended as a “shallow” reduction in activity, easy for the UE to enter and leave.

The Connected 1 substate has no impact on the RRC, nor probably on the MAC (since substate transitions in and out are mediated only by PHY signalling).
Connected 2 Substate

The Connected 2 substate is “deeper” than Connected 1 and involves activity reduction on both the downlink and the uplink.

Downlink monitoring:

· DRX on HS-SCCH , E-AGCH, E-RGCH, and E-HICH (using the same cycle)

· Power control rate decreased on F-DPCH (PHY impact only)
· Intra-frequency measurements on neighbouring cells take place normally during the periods where the UE is awake and receiving the downlink

· The UE could stay awake longer than required for the DRX cycle if necessary to meet measurement performance requirements

· Inter-frequency and inter-RAT measurements make use of the “breaks” in the DRX cycle
· E-HICH can be used to trigger a change to Active substate from network side

Uplink transmission:

· DTX on DPCCH (keep-alive) and HS-DPCCH (using the same cycle)

· E-DPDCH and E-DPCCH transmitted as usual, restricted to the DPCCH transmission cycle

· Transmission outside DPCCH cycle triggers a substate transition to Active

Substate Transitions
The changes of substate in Figure 1 are triggered by the UE or by the UTRAN depending on the situation.  In general, transitions into a less-active substate are initiated by the UTRAN based on observed inactivity, while transitions from a reduced-activity substate back to Active can be initiated by either the UTRAN or the UE, since the usual reason for waking up is a data transmission in either direction.  The possibility of allowing the UE to request a “downward” transition when it has reason to expect a period without data transmission (e.g., an HTTP transaction completed, and there will probably be no further traffic until the user clicks on a link) is FFS.  If this possibility were pursued, the UE could use either PHY or MAC uplink signalling to request the transition.

The possible transitions are as follows:

· Active to Connected 1: Triggered by the UTRAN based on absence of downlink activity for the UE for a certain period of time.  An indication is delivered to the UE through either PHY (HS-SCCH) or MAC (E-AGCH) signalling.

· Active to Connected 2: Triggered by the UTRAN based on a strong expectation of light or no downlink activity for the UE for a considerable period of time.  The mechanisms for instructing the UE to change substate are the same as above.  This should be considered an unusual transition, since in most circumstances the UTRAN would not have sufficient advance knowledge of data patterns to make this decision with confidence.
· Connected 1 to Connected 2: Triggered by the UTRAN based on absence of uplink or downlink activity for an extended period.  The indication mechanisms are again the same.  This transition is the usual method of reaching the Connected 2 substate.

· Connected 1 to Active: Triggered by either the UTRAN (via explicit instruction in PHY or MAC signalling) or the UE (implicitly, e.g., by acknowledging a downlink packet using the HS-DPCCH outside of the DTX cycle).

· Connected 2 to Active: Triggered by either the UTRAN or the UE in the same manner as above.  The UE could also initiate this transmission directly by transmitting user data on the E-DPDCH, using the last computed grant available to the UE.
Figure 2 below shows the events for transitions from a Connected substate to Active in the two cases described.
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Figure 2: DL- and UL-initiated upward transitions
4. Conclusion
Although the proposal described in this document is largely realised in the physical layer, it has possible RAN2 ramifications because of the involvement of MAC signalling and the association of the connection substates with the CELL_DCH RRC state.  This document has attempted to lay out the general areas of possible RAN2 involvement.
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