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1. Introduction

The issue of gated DPCCH transmission has been studied and discussed in WG1 [1~8], and the advantages which can be obtained by gated DPCCH transmission for both UTRAN and UE were agreed. Those advantages include:

· Increase of UE battery life

· Downlink capacity increase due to interference reduction

2. Discussions

Gated DPCCH transmission is initiated and terminated at the time directed by higher layer. The gating operation behaves differently depending on the existence of DPDCH in DPCH. 

When the DPCH consists of only DPCCH, then the transmitter shall be switched-on only for the specified time slots to reduce the transmission rate of Pilot, TPC, TFCI, and FBI (uplink only). Other than the specified time slots, transmission of DPCCH shall be switched-off.

When the DPCH consists of DPDCH and DPCCH, then the transmitter shall be switched-on in all the time slots. In the receiver, the TPC transmitted only in specified time slots shall be considered to be valid, and considered to be invalid in other time slots.

The parameters controlling the gating operation are:
Table 1. Gating Parameters

Gating Rate
1
1/3
1/5

Gating Pattern
Random
Regular

Direction
Downlink Only
Uplink and Downlink

The UE shall report the capability of gating in table 1 to UTRAN when needed, then UTRAN shall determine the appropriate gating parameter values. As a result, for the UTRAN, the gated DPCCH transmission is an option in both uplink and downlink while, for the UE, it is an option in uplink and mandatory in downlink.

In the case that the gated DPCCH transmission is enabled for both uplink and downlink, the power control operations are as follows.

Uplink transmit power adjustment

· UE shall adjust the transmit power in switched-on time slot in response to the latest valid downlink TPC. The change in uplink transmit power shall take place immediately before the start of the pilot field on the uplink DPCCH.

Uplink TPC generation and transmission

· UE shall generate the uplink TPC based on the latest valid downlink switched-on time slot, and shall transmit the TPC on the next valid uplink switched-on time slot

Downlink transmit power adjustment

· UTRAN shall adjust the transmit power in switched-on time slot in response to the latest valid uplink TPC. The change in downlink transmit power shall take place immediately before the start of the pilot field on the downlink DPCCH

Downlink TPC generation and transmission

· UTRAN shall generate the downlink TPC based on the latest valid uplink switched-on time slot, and shall transmit the TPC on the next valid downlink switched-on time slot

In the case that the gated DPCCH transmission is enabled only for the downlink, then the power control operations are as follows.

Uplink transmit power adjustment

· UE shall adjust the transmit power in response to the downlink TPC received in the valid downlink switched-on time slot. And the uplink transmit power shall remain constant until next valid downlink TPC is received. The change in uplink transmit power shall take place immediately before the start of the pilot field on the uplink time slot.

Uplink TPC generation and transmission

· UE shall generate and transmit an uplink TPC based on the valid downlink switched-on time slot. And the UE shall transmit the TPC repeatedly before receiving the next valid downlink switched-on time slot.

Downlink transmit power adjustment

· UTRAN shall adjust the transmit power in switched-on time slot in response to the repeated uplink TPC(s) which are known to be the same. The change in downlink transmit power shall take place immediately before the start of the pilot field on the switched-on downlink  time slot

Downlink TPC generation and transmission

· UTRAN shall generate and transmit downlink TPC based on the uplink time slot(s) whose transmit power is known to be the same.

If the compressed mode is initiated during gated DPCCH transmission, the gated DPCCH transmission shall be disabled.

In this document, we present the proposed text for gated DPCCH transmission for the technical specification  25.214.
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8
Gated DPCCH Transmission in Packet Transmission Mode

8.1
General
Gated DPCCH transmission is initiated and terminated at the time directed by higher layer. The gating operation behaves differently depending on the existence of DPDCH in DPCH. 

When the DPCH consists of only DPCCH, then the transmitter shall be switched-on only for the specified time slots to reduce the transmission rate of Pilot, TPC, TFCI, and FBI (uplink only). Other than the specified time slots, transmission of DPCCH shall be switched-off.

When the DPCH consists of DPDCH and DPCCH, then the transmitter shall be switched-on in all the time slots. Among all the time slots, only the time slots specified in subclause 8.2.1 are valid for power control purpose.

The parameters controlling the gating operation are:
Table xxx. Gating Parameters

Gating Rate
1
1/3
1/5

Gating Pattern
Random
Regular

Direction
Downlink Only
Uplink and Downlink

8.2
Switched-on Time Slot Allocation

8.2.1
DPCCH only Transmission

When the DPCH consists of DPCCH only, the transmitter is switched-on only in the time slots specified in tables YYY and ZZZ for downlink and uplink, respectively. In the tables the CFN of the radio frame is denoted by i, and the range of the gating group number j defined in subclause 8.3 is j = 0, 1, 2, 3, 4 for gating rate 1/3, and j = 0, 1, 2 for gating rate 1/5. The function s(i,j) used for the random gating pattern is defined in subclause 8.3.
Table YYY. Switched-on Time Slots for downlink DPCCH.
Gating

pattern
Gating

rate
Switched-on Time Slots for downlink DPCCH fields



Pilot
TPC, TFCI

None
1
All slots (0, 1, …, 14)
All slots (0, 1, …, 14)

Regular
1/3
j ( 3
1 + j ( 3


1/5
1 + j ( 5
2 + j ( 5

Random
1/3
j ( 3 + s(i,j) – 1
j ( 3 + s(i,j)


1/5
j ( 5 + s(i,j) – 1
j ( 5 + s(i,j)

Table ZZZ. Switched-on Time Slots for uplink DPCCH.
Gating

pattern
Gating

rate
Switched-on Time Slots for uplink DPCCH fields

Pilot, TFCI, FBI, TPC

None
1
All slots (0, 1, …, 14)

Regular
1/3
2 + j ( 3


1/3
2 + j ( 5


1/5
4 + j ( 5

Random
1/3
j ( 3 + s(i,j)


1/5
j ( 5 + s(i,j)

The relative timings of the downlink and uplink DPCCH transmission with random and regular gating pattern are depicted in figure XXX and YYY respectively.
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Figure XXX. Downlink and uplink DPCCH transmission with random gating pattern (example)
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Figure YYY. Downlink and uplink DPCCH transmission timing with regular gating pattern

8.2.2
DPDCH and DPCCH Transmission

When the DPCH consists of DPDCH and DPCCH, then the transmitter shall be switched-on in all the time slots. The transmitter shall fill ‘1’ in the field of TPC and FBI (uplink only) if the time slot is other than the specified in table XXX (downlink) and YYY (uplink). In the receiver, however, the TPC received only in time slots specified in subclause 8.2.1 shall be considered to be valid.

8.3
Random Positioning Function s(i,j)
15 slots of the radio frame are divided into N gating groups, each group consists of S consecutive slots. For gating rate 1/3, N = 5 and S = 3, and for gating rate 1/5, N = 3 and S = 5. Denote the CFN of the current radio frame by i, i = 0, 1, 2, …, 255. Further define the 19 bit sequence (a18, a17, …, a0) = (1, 0, 0, 1, 0, 1, 1, 1, 0, 1, 1, 0, 0, 1, 0, 1, 1, 0, 1).

Table WWW. Summary of Parameters for s(i, j)
Parameter
Value

CFN
0, 1, …, 255 (8bits)

a18, a17, …, a0
1, 0, 0, 1, 0, 1, 1, 1, 0, 1, 1, 0, 0, 1, 0, 1, 1, 0, 1

gating rate
1/3
1/5

Number of gating group (N)
5
3

Gating group size (S)
3
5

For CFN i, i = 0, 1, 2, …, 255, concatenated CFN 
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, and gating group j, the function s(i, j) is defined as
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where (X)10 represents the decimal representation of the number X, and X ( Y denotes bit-wise modulo 2 addition of the binary representation of the numbers X and Y. And 
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8.4
Power Control Operation

[Note: Power control parameters for the gated DPCCH transmission may be updated.]

8.4.1
Uplink and Downlink Gated DPCCH Transmission

In the case that the gated DPCCH transmission is enabled for both uplink and downlink, the power control operations are as follows.

Uplink transmit power adjustment

· UE shall adjust the transmit power in switched-on time slot in response to the latest valid downlink TPC. The change in uplink transmit power shall take place immediately before the start of the pilot field on the uplink DPCCH.

Uplink TPC generation and transmission

· UE shall generate the uplink TPC based on the latest valid downlink switched-on time slot, and shall transmit the TPC on the next valid uplink switched-on time slot

Downlink transmit power adjustment

· UTRAN shall adjust the transmit power in switched-on time slot in response to the latest valid uplink TPC. The change in downlink transmit power shall take place immediately before the start of the pilot field on the downlink DPCCH

Downlink TPC generation and transmission

· UTRAN shall generate the downlink TPC based on the latest valid uplink switched-on time slot, and shall transmit the TPC on the next valid downlink switched-on time slot

8.4.2
Downlink Only Gated DPCCH Transmission

In the case that the gated DPCCH transmission is enabled only for the downlink, then the power control operations are as follows.

Uplink transmit power adjustment

· UE shall adjust the transmit power in response to the downlink TPC received in the valid downlink switched-on time slot. And the uplink transmit power shall remain constant until next valid downlink TPC is received. The change in uplink transmit power shall take place immediately before the start of the pilot field on the uplink time slot.

Uplink TPC generation and transmission

· UE shall generate and transmit an uplink TPC based on the valid downlink switched-on time slot. And the UE shall transmit the TPC repeatedly before receiving the next valid downlink switched-on time slot.

Downlink transmit power adjustment

· UTRAN shall adjust the transmit power in switched-on time slot in response to the repeated uplink TPC(s) which are known to be the same. The change in downlink transmit power shall take place immediately before the start of the pilot field on the switched-on downlink  time slot

Downlink TPC generation and transmission

· UTRAN shall generate and transmit downlink TPC based on the uplink time slot(s) whose transmit power is known to be the same.
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