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1. Introduction 
  The Technical Report for “Terminal power saving features” was approved at WG1#15 Berlin, Germany [1] and the liaison statement [2] was sent to WG 4. There was only one proposal regarding terminal power saving features and it is the gated DPCCH transmission. The basic idea of the gated DPCCH transmission is that the terminal power saving is achieved by transmitting the DPCCH intermittently. In the liaison statement, WG1 asked for starting related works in WG4 and the expected impacts are uplink discontinuous transmission (DTX) and the performance of power control and channel estimation in uplink and downlink. This contribution shows the impacts of gated DPCCH transmission to WG4 specifications and these impacts will be included in the Technical Report. 

2. Concept of Gated DPCCH Transmission

Gated DPCCH transmission scheme (hereafter, “gating” or “gating mode” are used interchangeably.) is basically reduced power control rate operation to get power saving and interference reduction. Gating can be applied when the UE is in Cell-DCH State with DSCH. When both UTRAN and UE support gating, UTRAN can initiate the gated DPCCH transmission by higher layer signaling. UTRAN can terminate the gating by higher layer signaling or physical indication such as TFCI. Gated DPCCH transmission is a scheme where transmitter turns off its transmission intermittently when there is no traffic data to transmit on both uplink and downlink DPDCH. Gating should be terminated before transmitting traffic data.

There are two kinds of period in gating mode depending on the transmission of (non-traffic) DPDCH during gating. In Normal Gating Period, DPDCH is not transmitted and this mode is described in section 2.3.1. However, even during gating mode, DPDCH can be transmitted without terminating the gating exceptionally for the short length signaling message. This Embedded DPDCH Period is described in section 2.3.2. 

2.1
Related Parameters

When the call is setup, UTRAN and UE negotiate the gating capability and parameters. The parameters controlling the gating operation are:
Table 1. Gating Parameters

Gating Rate
1
1/3
1/5

Gating Mode
Downlink Only
Uplink and Downlink

2.2
Initiation and Termination Indication of Gated DPCCH Transmission

The gated DPCCH transmission can be initiated by the UTRAN’s command to UE. Gated DPCCH transmission can be terminated by UE's request followed by UTRAN's permission or by UTRAN's notice to UE. That is, UTRAN determines whether gated DPCCH transmission is initiated or terminated. Gating is initiated by higher layer signaling, and terminated either by higher layer signaling or alternatively by TFCI defined differently during gating for informing gating should be terminated.

2.3
Operation in Gated DPCCH Transmission Mode

During gating mode, higher layer signaling message can be transmitted without terminating the gating. The transmitter operation when the DPDCH is not transmitted (Normal Gating Period) is covered in section 2.3.1. The transmitter operation when the DPDCH is transmitted (Embedded Gating Period) is covered in section 2.3.2. Figure 1 and 2 are the conceptual state transition diagram of “uplink and downlink” and “downlink only” gated DPCCH transmission, respectively. 

2.3.1
Normal Gating Period

2.3.1.1
Uplink and Downlink Gating

In Normal Gating Period, UE shall turn its transmitter on only for the specified time slots and turn its transmitter off in all other time slots. 

In Normal Gating Period, UTRAN shall turn on the transmission of TFCI all the time slots. On the other hand, UTRAN shall turn on the transmission of TPC and PILOT field only for the specified time slots. UTRAN shall turn off the transmission in remaining part. 

2.3.1.2
Downlink Only Gating

In Normal Gating Period, UE shall always turn on its transmitter and transmit all the DPCCH fields (PILOT, TFCI, TPC, FBI) in downlink only gating mode. Because TPC field can be updated only for the associated downlink turn-on time slot, downlink power control rate and operation should not be changed during gating.

In Normal Gating Period, UTRAN shall turn on the transmission of TFCI in all the time slots. On the other hand, UTRAN shall turn on the transmission of TPC and PILOT only for the specified time slots. UTRAN shall turn off the transmission in remaining part. 

2.3.2
Embedded DPDCH Period

There are a number of advantages by permitting transmission of higher layer signaling message without terminating the gating. First, unnecessary signaling to initialise and terminate gating can be avoided. Second, the average duration of gating can be increased and terminal power consumption can be decreased further.

In Embedded DPDCH Period in gating mode, L1 control information (DPCCH) should be transmitted in all the time slots to help reception but the power control rate should not be changed. That is, if DPDCH is transmitted in downlink in gating mode, UTRAN turns-on all the time slots, but UE shall not change the uplink turn-on and turn-off time slot, and vice versa.

2.3.2.1
Uplink and Downlink Gating

In Embedded DPDCH Period in uplink, UE shall turn its transmitter on all the time slots and transmit all the DPCCH fields (PILOT, TFCI, TPC, FBI) but TPC shall be updated only at the specified time slot.

In Embedded DPDCH Period in downlink, UTRAN shall turn its transmission on all the time slots and transmit all the DPCCH fields (PILOT, TFCI, TPC) but TPC shall be updated only for the specified time slot.

2.3.2.2
Downlink Only Gating

In Embedded DPDCH Period in uplink, UE shall turn its transmitter on all the time slots and transmit all the DPCCH fields (PILOT, TFCI, TPC, FBI) but TPC and shall be updated only after receiving downlink specified time slot.

In Embedded DPDCH Period in downlink, UTRAN shall turn its transmission on all the time slots and transmit all the DPCCH fields (PILOT, TFCI, TPC) but TPC shall be updated only for the specified time slot.
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Figure 1. Conceptual State Transition Diagram of Gating: Uplink and Downlink Gating
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Figure 2. Conceptual State Transition Diagram of Gating: Downlink Only Gating

3. The impact to WG4 Specification

3.1 Impact to Discontinuous Transmission of UE
  In gated DPCCH transmission, an UE may transmit uplink DPCCH discontinuously and thus it impacts to the section 6.5 “Transmit On/Off power” of 25.101. There are already several possible TX on/off cases in the section 6.5 of 25.101 such as RACH, CPCH, and UL compressed mode. Thus, we propose to add gated DPCCH transmission to possible TX on/off cases of section 6.5.

======================= Start of Text Modification (25.101) ============================

6.5.2
Transmit ON/OFF Time mask

The time mask for transmit ON/OFF defines the ramping time allowed for the UE between transmit OFF power and transmit ON power. Possible ON/OFF scenarios are RACH, CPCH, gated DPCCH transmission or UL compressed mode.
============================= End of Text Modification =============================

3.2 Impact to DPCH power control and channel estimation.

The gated DPCCH transmission has influences on the power control rate and the channel estimation of uplink and/or downlink DPCH. Normal power control rate of 1500 Hz is reduced to 300Hz or 500Hz in gated DPCCH transmission and an UE or UTRAN receives DPCCH per 3 slots or 5 slots in average. As indicated in section 2, there 2 possible period during gated DPCCH transmission. One is “Normal Gating Period” and the other is “Embedded DPDCH Period”. During “Normal Gating Period”, DPCCH is transmitted intermittently (there’s no DPDCH transmission), therefore, power control and channel estimation are impacted with respect to normal DPCCH transmission. On the other hand, during “Embedded DPDCH Period”, DPCCH is continuously transmitted with DPDCH but the reduced power control rate is still maintained. Thus the gating impacts power control rate while the channel estimation is equivalent to the normal transmission in “Embedded DPDCH Period”. These kinds of performance issues will be studied with proper simulation assumptions.

4. Conclusion

Gated DPCCH transmission will impact to WG4 specification in two parts: One is the uplink discontinuous transmission (DTX) part, and the other is the performance of power control and channel estimation. Since the performance issues may require more discussion and time, we propose to approve the modified transmission on/off part of 25.101 and include it in the technical report.
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