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1 Introduction

At the RAN meeting #29 September 2005 in Tallin, "Continuous Connectivity for Packet Data Users" was approved as a new work item based on some investigations in RAN1. It is intended to significantly increase the number of inactive packet data users that can stay in CELL_DCH state over a long time period without degrading cell throughput. Furthermore, the packet data users should be able to restart transmission with a much shorter delay (<50ms) than would be necessary if UEs are transferred from another state before data can be transferred.
2 UE during idle traffic periods

The proposed concept has the goal of substantially reducing the Tx power of the UE during idle traffic periods, i.e. when nothing needs to be transmitted in UL on the E-DPDCH, and to stop the CQI reporting when no data is transmitted on HS-PDSCH in downlink. The suggested changes do not involve the RNC, so that the long delays of RRC or NBAP procedures (>> 100 ms) are avoided and the user is staying in CELL_DCH state.
The idle traffic periods for the UE in uplink and downlink are characterized by the following:
A) Idle traffic period in Downlink: Switching off CQI reporting

Periodic CQI reporting (as configured by RNC) can be switched off when data inactivity on the downlink has been detected by the UE. In particular, the UE immediately stops the transmission of CQI reports on HS-DPCCH upon transition into the idle traffic mode. Since no HS-PDSCH data is transmitted in an idle traffic period, ACK/NACK signaling is not required and HS-DPCCH is completely switched off, thus also reducing the UL interference. It may be noted that the RNC-configured CQI reporting cycle is saved and can be restored instantaneously at reactivation time. 

B) Idle traffic period in uplink: Reduced DPCCH power

To achieve the goal of “continuous connectivity for packet data users”, the UL DPCCH power is reduced. It may be noted that the reduction of UL DPCCH power is largely consistent with the “reduced power mode” proposed in R1-050821, but the suggested methods in R1-050821 for the transitions between active and reduced power mode are quite different from the ones suggested here.

Upon transition of the UE into the idle traffic mode, the target SIR in the NodeBs of the active RLS for the UL power control is reduced from the last RNC-configured value to a pre-determined target value (for reliable TPC detection). The inner loop power control for the uplink will automatically reduce the Tx power of the UE on the UL DPCCH (by a sequence of 'power down' steps) to adjust to the new target SIR. 

The robustness of the connection with a particular UE in idle traffic mode can be improved as follows:
a) The UE modifies its UL power control by applying a higher step size when receiving a 'power up' TPC command on the DL DPCCH. This will keep the power control more stable when the error rate on the UL DPCCH increases.
b) The UE uses DPC_MODE=1, i.e. the TPC commands on the UL DPCCH (for the downlink) are repeated in 3 successive timeslots. This achieves higher detection reliability in the Node B at the expense of a slower power adjustment to match changing channel conditions, which is assumed to be acceptable during idle traffic periods. The resulting reduction in the rate for forward link power control of the F-DPCH (from 1500 Hz down to 500 Hz) is not considered to be crucial.
3 Detection of the idle traffic period

To limit the complexity of the newly introduced “idle traffic mode” and to provide the most benefit from “idle traffic mode”, we do not distinguish between the idle traffic periods in downlink and those in the uplink. In particular, when the UE is in “idle traffic mode”, the UL DPCCH power is reduced and the HS-DPCCH is switched off at the same time. Therefore, a problem with unreliable HS-DPCCH detection in the presence of reduced power UL DPCCH is circumvented.

It is suggested in R1-050821 that inactivity in the uplink can be detected in the NodeB by relying on SI, whereby the MAC-e scheduler will be able to detect that the UE buffer has been empty for a sufficiently long period of time. However, this method is not appropriate for non-scheduled transmissions, where no SI according to TS 25.309 section 9.3.1.1.1 is transmitted. Including SI for these cases would incur unnecessary overhead. 

Instead of detecting inactivity in the UL by the NodeB, it is suggested that the UE detects autonomously the conditions for a transition into the idle traffic mode, i.e. inactivity in the UL and in the DL as well. The conditions for a transition into the idle traffic mode could involve no activity for a certain minimum period of time in UL and DL. 

When the UE has detected a state transition from active mode into “idle traffic mode” or vice versa, it can instantaneously apply the corresponding power control parameters with respect to DPC_MODE and power control stepsize, and it can instantaneously stop or resume CQI reporting.
4 Transition to/from idle traffic mode

The NodeBs in the active RLS need to be notified by the UE of the idle traffic mode so that the NodeBs can operate with the changed parameter settings in this mode, i.e. changed inner loop power control parameters with respect to SIR target and DPC_MODE and power control stepsize. Furthermore, when the UE is in idle traffic mode, it is required that the NodeB watches for a reactivation of the UE, i.e. a transition from idle traffic mode into the active mode. 

The actual signaling to notify the NodeB of a transition of the UE from active into idle traffic mode and vice versa is discussed in the following subsections.
4.1 Discussion of Layer 1 based signaling methods 
Layer 1 signaling could be employed to signal from the UE to the NodeBs in the RLS a state transition from active mode to idle traffic mode and vice versa. Layer 1 signaling methods could include (a) explicit methods whereby control information such as specific TFCI codewords or codewords formed using FBI bits are associated with the state transitions and (b) implicit methods whereby a state transition is given by simply restarting E-DPCCH and E-DPDCH transmission.

When the UE uses Layer 1 signaling to inform NodeBs about the transition to/from idle traffic mode, only the NodeBs with good channel conditions may be able to receive the information correctly. In particular, when only the NodeBs in the serving E-DCH RLS are receiving the information about the transition to/from idle traffic period, these NodeBs will adjust the inner loop power control parameters SIR target and DPC_MODE and power control step-size correspondingly, while NodeBs in the non-serving RLS may have missed the state transition. Therefore, some of the advantages of diversity reception are lost and the power control parameters in the serving and non-serving RLS for a particular UE may no longer be unique. In particular, if only the serving NodeB knows that DPC Mode 1 is being used, this will lead to large swings in the downlink power of F-DPCH on the non-serving cells (it will interpret the repeated TPC commands as individual TPC commands and increase the power by 3dB when the intent was to increase the power by 1 dB only).

Layer-1 signaling is well suited to periodic reporting events such as the power control commands. However, any type of signaling for an infrequently occurring event which requires reliability (such as a state change in this case) may be more efficiently and reliably achieved with a Layer-2 method as described below.




4.2 Proposed Layer 2 based signaling methods
It is proposed that the UE will inform the NodeBs about a change from active mode into idle traffic mode and vice versa by means of a short MAC-e PDU consisting of SI. For the change from idle traffic mode into active mode, the actual SI is transmitted and repeated through HARQ retransmissions until all NodeBs in serving and non-serving RLS have acknowledged receipt of the state transition. For the change from active mode into idle traffic mode, a specific SI reserved for that purpose is transmitted and repeated through HARQ retransmissions until all NodeBs in serving and non-serving RLS have acknowledged receipt of the state transition or the maximum number of transmissions is reached. The reserved MAC-e SI for indicating change of state can have its own HARQ profile with an additional power offset to ensure reliable detection by all NodeBs in the active set with reasonable latency. The SI word specific for the transition from active mode into idle traffic mode conveys UE buffer occupancy of 0 (9 bits), maximum possible power ratio versus DPCCH (5 bits) and a pre-defined logical channel ID (4 bits). While a pre-defined logical channel ID is given in the SI word specific for the transition from active mode into idle traffic mode, it may be noted that the state transition is valid for all logical channel IDs.

The UE can trigger autonomously the reactivation with the method outlined above when data is to be transmitted in the uplink. A NodeB can trigger reactivation by sending a short MAC-hs PDU in the downlink, which is then followed by the reactivation through transmitting SI by the UE in the uplink. 

For a reliable transmission of the SI while the UE is still in the idle traffic state, the UE could temporarily increase the DPCCH power (and, hence, also the E-DCH power) in an open loop power adjustment for the time of the SI transmission.

When the NodeB has detected a state transition from active mode into “idle traffic mode” or vice versa, it can instantaneously apply the corresponding power control parameters with respect to SIR target and DPC_MODE and continue or stop decoding the CQI information.
5 New parameters for the proposed approach

	Parameter
	Description

	Inactivity time
	minimum time of inactivity on UL and DL before the UE can trigger a state transition into the idle traffic mode 

	Power offset
	1) difference in Target SIR between active and idle traffic mode

2) UE open loop power adjustment for the transmission of the SI for triggering a state transition from idle traffic mode to active mode 

	SI for transition into idle traffic mode
	Dedicated and reserved SI that is only used to signal the state transition into the idle traffic mode





6 Conclusions

With the Layer-2 signaling approach, a MAC-e PDU is used to convey the switching of states between active and idle traffic mode. The MAC-e PDU contains a small number of bits corresponding to the SI (18 bits) and can also have a separate HARQ profile with its own additional power offset. 

A Layer-2 approach has the following benefits:

1) There is a CRC for the MAC-e PDU, therefore the information on state change is received reliably by the network (virtually no issue of erroneous state change).

2) The state can be changed through MAC-e PDU with small latency (as small as 2ms in the 2ms TTI case, as small as 10ms in the 10ms TTI case). There can be a graceful tradeoff between delay and reduced power consumption if needed through HARQ.

3) The MAC-e PDU for switching the state can have its own HARQ profile, whereby the power offset can also be optimized to ensure reliable reception.

4) The transmission of the MAC-e PDU can be repeated through HARQ retransmissions until all NodeBs in serving and non-serving RLS have acknowledged receipt of the state transition, thus ensuring that all NodeBs are aware of the state transition.
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