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1
Introduction

This document presents a procedure for improved Continuous Packet Connectivity. Some of the notions have already been independently discussed in other documents, for example, [1], [2] and [3]. This document puts those notions and some new ones together under a common framework to maximize the benefits of the Continuous Packet Connectivity procedure. 

Support of these procedures should enable a reduction of the contribution to the noise rise of supporting PHY control channels and an extended battery life for UEs in packet data communications (over HSDPA and HSUPA) without compromising the user experience. 

Note that to maximize the achievable benefits of the new Continuous Packet Connectivity procedure, the optimization process applies to UL transmissions as well as DL receptions. So far, the focus has been on procedures involving UL transmission aspects only. However, this document will deal with aspects concerning both links. 

Aspects to be addressed are: 

· Baseline states and state transitions
· UE and Node B procedures

· Error cases and reliability

2
Definitions

Connection Sub-states
We define in this document the following “connection sub-states”. 
· Active Sub-state: connection sub-state where an active and heavy exchange of data and control takes place between the network and the user. 
· Connected Sub-state: connection sub-state where the user is not actively exchanging user data on the DL and UL, but where resources are allocated (e.g., F-DPCH, PDP context,…); or where an active but light exchange of data and control information takes place. Several degrees of power savings exist within this sub-state.
· Idle State: state where the user has not established a communication with the network and hence is not using resources. Therefore, the UE will autonomously monitor the signal quality from different cells and will perform idle handoffs to keep “up to date” with the network. The UE may be on a battery savings operation mode by way of e.g., PICH procedures. 
Note that, in this document, we will focus on the Physical layer aspects of these sub-states. Further, note that these sub-states fall close to the LTE-MM states defined in [4]. With respect to the current RRC specifications, the Active and Connected sub-states would be part of CELL_DCH state. 
Scenarios
The following is a list of packet connection scenarios to keep in mind for the improved “Continuous Packet Connectivity” procedure in the context of R5/R6 users.  

· Web browsing: bursty (sparse) use of DL/UL resources. Primarily DL dominant.  
· Heavy FTP download (DL): almost continuous use of DL resources eventually for a sustained duration of time. UL resources will be necessary for higher layer acknowledgements. 
· Heavy FTP upload (UL): almost continuous use of UL resources eventually for a sustained duration of time. DL resources will be necessary for higher layer acknowledgements. 
· Gaming: UL and DL resources allocated with a range of bandwidth and latency requirements. 
3
How benefits may be achieved
The power/consumption savings may be achieved by a reduction of the UE transmission power (transmit power reduction or DTX) or by a reduction of the time in which the UE receiver circuitry is to be active. A reduced contribution to the uplink noise rise may be achieved by a reduction of the UE transmission power. 
Options for transmit power reduction: 

1. Reducing transmission power of PHY channels

· HS-DPCCH: CQI transmitted at lower power (allow for repetition coding on top of Reed Mueller coding)

· DPCCH: 

· Pilot symbols transmitted at lower power. New inner-loop power control set-point is to be known at the network - at least at the serving cell as proposed in [1]. UE may keep doing “OR of DOWNs” rule for setting the UL transmit power level. The serving cell may notify the controller that it reduced the power control set-point of a particular UE. The non-serving cells may start then power control the UE to the new inner-loop power control set-point. 
· TPC symbols transmitted at lower power. Repetition of the TPC symbols as already supported by TPC mode = 1. Effectively, TPC mode = 1 will run DL power control at 500Hz.
2. Lower duty cycle for transmission - Options:  

· HS-DPCCH not transmitted every subframe but DPCCH transmitted every slot

· DPCCH and HS-DPCCH not transmitted every slot (impact on DL power control)

Options for discontinuous reception at the UE (DRX): 
· Minimum monitoring of CPICH for the UE to keep up with changes in its Active Set due to mobility. 
· In case of sustained DL and UL inactivity or a light traffic load, the UE and UTRAN may limit the number of subframes where the UE needs to monitor the HS-SCCH so that:
· DL scheduling is still possible
· UE is able to shut-off the receiver circuitry over some periods of time to yield a non 100% receiver duty cycle.
Let us now analyze the achievable power savings and general benefits resulting from DTX/DRX at the UE for several scenarios. 

	DL Activity
	UL Activity
	PHY channel summary
	Potential savings/Benefits

	NO
	YES
	* HS-DPCCH transmission could be reduced or DTX’d to a certain extent. 
* DPCCH/E-DPCCH/E-DPDCH need to operate regularly.

* DL E-channels needed. UE might as well monitor *all* the HS-SCCHs.
	Lower UE tx power yielding:
* marginally lower power consumption 
               - OR -
* marginal higher E-DCH max rate

	YES
	NO
	* HS-DPCCH needs to operate regularly. Therefore, DPCCH too. UL E-channels are not transmitted if not needed (as specified).
* UE has to monitor the HS-SCCHs. UE might as well monitor the DL E-channels. 
	No possibility to DTX or DRX foreseen at the UE

	NO
	NO
	* HS-DPCCH transmission could be reduced. 
* UL DPCCH may also be reduced. UL E-channels already OFF (not used).
* Reception of HS-SCCH may be limited to some TTIs (DRX). 
* DL E-channels not critical in this scenario. 
	Lower UE tx power

Lower UE rx duty cycle  


Table 1. Potential Savings for different user data transfer scenarios
From the benefits in Table 1, we will focus our attention to the shaded scenario above, where good benefits may be achieved. Note that this case may be of interest for a light load traffic between UE and UTRAN. 
4
Continuous Packet Connectivity Procedure

Figure 1 shows a state diagram of our proposed improved support for Continuous Packet Connectivity. 

The figure captures the current connections states, namely, CELL_DCH, CELL_FACH, etc. and proposed a number of physical layer sub-states within the current CELL_DCH state to improve the Continuous Packet Connectivity of data users. 
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Figure 1. State Diagram for improved support of 
Continuous Packet Connectivity

Let us now go over the sub-states proposed in Figure 1 and the conditions triggering change of sub-states. 
4.1 CELL_DCH Sub-states
We will first provide a brief overview of each of the sub-states, then we will go over the specifics of these sub-states. 
· Active: regular transmission of UL channels and reception of DL channels

· Connected 1: reduced transmission of HS-DPCCH and possibly of UL DPCCH. If transmission is scheduled for the DL, the network uses the last available CQI (optionally with a greater margin) or at the extreme using the lowest MCS and triggers an implicit transition to the Active sub-state. The reception of DL channels is no different than in the Active sub-state. 

· Connected 2: Reduced reception of DL channels (DRX). The UE monitors a limited subset of HS-SCCHs in the time domain e.g., one subframe every two, or every four subframes – this DRX operation is controlled by what in the sequel will be denoted as “HS-SCCH transmission cycle”. Reduced transmission of HS-DPCCH and DPCCH in the UL (DTX as proposed in [3]). Similar to the DL reception, a transmission cycle is defined for the UL and we denote it “DPCCH transmission cycle”. The purpose of the limited transmission is to keep alive the tracking of the UE (power, timing, etc) with a lower than default update rate. 

In general, both the network and the UE shall know the actual UE sub-state with good reliability; consequently, a change of sub-state will have to be signalled. 
Active sub-state
The Active sub-state corresponds to the current CELL_DCH state and therefore the DL monitoring and UL transmission in this sub-state is already well defined.  

Connected 1 sub-state
DL monitoring in Connected 1 sub-state is no different from DL reception in Active sub-state. UL transmission will experience a reduction of the power use for HS-DPCCH. This reduction may be achieved by:
· Lower duty cycle of CQI reporting 

· Repetition of CQI codeword over several subframes

· Combination of the above

The reduction of power use for the HS-DPCCH may increase over time (e.g. gradual lower duty cycle of the report) if the power reduction is due to inactivity. If the HS-DPCCH is gated due to light traffic load of a real time service, the transmission cycle does not change over time. 
Without DTX’ing transmission over the DPCCH, if an extended inactivity is detected, the UL inner loop power control may optionally be modified as proposed in [1] to a lower power control set-point. To improve reliability of the TPC commands on the DPCCH, a new slot format as proposed in [2] could be used in addition to the possibility to lower the DL power control update rate by repeating consecutive TPC symbols as already allowed by TPC mode = 1. 

The optional qualifier of this feature is due to the fact that battery power savings at the UE are mainly achievable by DTX’ing in a much greater extent than by transmit power reduction, however, this transmit power reduction would lower the contribution of the control PHY channels to the noise rise in the uplink. Note that DTX’ing the DPCCH is a feature of the Connected 2 sub-state.  
Finally, in Connected 1 sub-state, the UL power control need not any change with respect to the Active sub-state i.e. one TPC command on each slot. 
Connected 2 sub-state
DL monitoring

· Monitoring and measurement of CPICH and P-CCPCH of serving and surrounding cells

· Objective:  “Up to date” UE’s Active Set management

· Mobility management

· In case the UE detects the need to update its Active Set, the UE shall send a Measurement report to the network. This will trigger activity in the UL transmission not necessarily in sync with the need for transmission of user data. 

· Monitoring of HS-SCCH

· Packets may arrive from the network addressed to the UE (including ACK/NAK from upper layers). 

· Minimum DL packet connectivity should be possible at any time despite the fact that the UE may be in a power savings mode.

· UTRAN shall be able to trigger reactivation of the Active sub-state in case, for example, a heavier traffic load to the UE comes from the network.
· Attempt to decode the HS-SCCH may be periodic (predetermined cycle) or aperiodic (as indicated by some signal e.g., PICH or some other new indicator). Note that the aperiodic option has an impact on UL power control that needs further investigation. 

· Monitoring of other PHY DL channels

· F-DPCH (for UL power control)

· UL and DL Power control rates reduced in Connected 2
· E-AGCH

· In Connected 2 sub-state, UTRAN may send absolute grants to the UE as long as they are in line with the HS-SCCH active cycle.

· E-RGCH

· In Connected 2 sub-state, UTRAN may send relative grants to the UE as long as they are in line with the HS-SCCH active cycle.

· E-HICH 

· In addition to its normal use for acknowledging uplink transmissions over E-DPDCH, the E-HICH in Connected 2 sub-state could be used to trigger a change of sub-state from the network side

· PHY channel dedicated to the UE

· Lower power requirements than HS-SCCH

· Timing should be in agreement with the HS-SCCH cycle for the UE

UL transmission
· DPCCH
· Transmission according to the DPCCH transmission cycle to keep UE tracking alive

· DL power control rate lower than 1500Hz nominal rate (e.g. 500Hz with the current TPC mode = 1)  

· HS-DPCCH
· Transmission according to the DPCCH  transmission cycle

· Transmission of other PHY UL channels

· E-DPDCH/E-DPCCH 

· Regular transmission is possible according to the DPCCH transmission cycle

· Transmission on non DPCCH transmission cycle slots will trigger a state transition to Active sub-state 
· Power level of data transmission linked to the DPCCH power level by the corresponding beta factors
· Transmission rate of data transmission obeys the AG and RG updates sent by the UTRAN 
For the Connected 2 sub-state, DL power control may still be based on the F-DPCH quality and the commands will be sent on the UL DPCCH, however, its adjust rate will be lower than nominal. In turn, the UL power control may still be based on the UL Pilot Ec/Nt and the commands will be sent on the F-DPCH, however, the effective adjustment rate will also be lower than nominal. 
4.1
UE context while in Connected sub-state
By definition the UE context is unchanged while in connected state, irrespective of the actual physical layer sub-state. In particular the following contexts and resource allocations remain:
· F-DPCH allocation at all the cells in the UE’s active set. 

· All the HS-SCCH information and UE IDs (E-RNTI primary and secondary, H-RNTI).

· UE’s Active Set.

· Compressed frames configuration.

· PDP context of the UE. 

4.2
Transition of Sub-states

The changes of state in Figure 1 are triggered by the UE or by the UTRAN depending on the situation. In addition to a default UTRAN based control, it is desirable to allow the UE to request a change of state. The capability for the UE to request a change of state may assist the goal of improved reception of “multiple services” mentioned in section 1 of this document. 
Triggers of the type: Active ( Connected 

The trigger to go from an Active sub-state to a Connected sub-state in Figure 1 could be: 
· Light traffic load of user data

· Lack of user data activity
UTRAN knows the UE data activity on:
· DL: status of UE’s data queue
· UL: reception of UE’s data, buffer status reports 
In turn, the UE knows its own data activity based on the user data received on the DL or the user data transmitted on the UL.

To share a common view of the UE’s connection sub-state, whichever entity is the controlling one will command the other entity the transition of sub-state from Active to Connected.

· Active ( Connected 1: 

· No DL activity for the UE for certain period of time. CQI reports are decided to be transmitted on a more limited way. DPCCH may also be power controlled to a lower power control set-point. 
· Trigger Indication: through HS-SCCH, E-AGCH or a new indicator.
· Active ( Connected 2: triggered by UTRAN

· Light load service, is in place. UTRAN commands the UE to transition to Connected 2 sub-state so that DL and UL transmissions occur on a predetermined subset of DL and UL subframes

· HS-SCCH transmission cycle and DPCCH transmission cycle determine the DRX and DTX duty cycle for the UE

· Trigger Indication: through HS-SCCH, E-AGCH or a new indicator

Triggers of the type: Connected 1 ( Connected 2

· No DL nor UL activity for an extended period of time. 

· Trigger Indication: through HS-SCCH, E-AGCH or new indicator
Triggers of the type: Connected ( Active

The reasons to go from a Connected sub-state to the Active sub-state in Figure 1 are: 
· UL data for a new transport and or logical channel arriving into the UE buffer waiting to be delivered 
· DL data for a new transport and or logical channel arriving from the network directed to the UE

· Mobility

· UE realizes that a change in its Active Set is desired
The UEs in active/connected sub-state should be aware of the need to update their Active Set. Therefore, the need to convey a change of it is always originated at the UE side. As a result, the “mobility” triggering event may be seen as a special case of the “new UL data” event. 

· Connected 1 ( Active: 

· Explicit transition commanded by UTRAN at any time

· Through HS-SCCH, AGCH or new indicator
· Implicit transition by UE 

· by acknowledging a DL packet over the HS-DPCCH outside of the DPCCH transmission cycle
· Note that first DPCCH and/or HS-DPCCH transmission after Connected 1 sub-state may be boosted to compensate for a possibly lower inner loop power control set-point  

· Connected 2 ( Active: 
· New DL activity

· UTRAN commands the UE to transition to Active sub-state
· Connected 2: Use of E-HICH, HS-SCCH, AGCH, PICH or a new indicator on a HS-SCCH active transmission cycle

Figure 2 shows an event flow assuming that the HS-SCCH is used to trigger the change of sub-states from Connected 2 to Active due to new DL activity. 
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Figure 2. Event flow to transition from Connected 2 sub-state 
to Active sub-state triggered by DL activity
· New UL activity or Mobility

· UE triggers the sub-state transition by transmission on a slot not in the current UE’s DPCCH transmission cycle
· Use E-DPDCH with a data rate consistent with the last computed grant from the UTRAN AG and RG transmissions while in the Connected 2 sub-state
· Control information with UE buffer utilization may be transmitted over the E-DPDCH as well as starting the transmission of the buffer data payload
· The serving cell will quickly start the regular use of the relative grant of the user transitioning to Active sub-state 
Figure 3 shows an event flow to transition from Connected 2 sub-state to the Active sub-state due to new UL activity or mobility. 


[image: image3.emf]UTRAN

UE

Packet

arrives to

UE's buffer

time time

UE starts regular

transmission of DPCCH

and HS-DPCCH (CQI).

UE sends its buffer

information & possibly user

data on E-DPDCH at a rate

consistent with last

computed grant.

Active State restored

UTRAN confirms

substate transition

by not constraining

scheduling of the

UE to HS-SCCH tx

cycle only

UTRAN receives

UE transmission

on slot other than

the DPCCH tx

cycle


Figure 3. Event flow to transition from Connected 2 sub-state 
to Active sub-state triggered by UL activity or Mobility 

5
Conclusions
This document has presented a unified view of the ways the Continuous Packet Connectivity of data users may be enhanced. The document has merged all the different notions presented in other documents in an independent fashion under a common framework enriched by some new concepts. 
Optimizations on the receive side (DRX) as well as on the transmit side (DTX) have been motivated and presented. 

A set of sub-states have been defined fitting different levels of inactivity or traffic load at the UE. The transitions between the sub-states have also been defined and presented. All these transitions allow for an “always on” user experience while saving UE power (extending the battery life) and reducing the contribution to the noise rise of the uplink PHY control channels. Analysis of the possible error cases and overall reliability of these transitions will be provided in future meetings.
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