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1. Introduction

Gated DPCCH transmission was proposed to save battery life and included as a working assumption in TS 25.214 at the TSG RAN WG1 meeting #7[1]. The proposed regular gating pattern in TS 25.214 is aimed for the quality of both uplink and downlink. However, due to its periodic transmission on the gated transmission, there were some concerns about undesirable EMC effects on hearing aid.

Regarding the undesirable EMC effects, Mitsubishi already submitted a proposal which uses time hopping of the period of gated transmission of uplink DPCCH which they claim has less effect on hearing aid [2]. This suggestion by Mitsubishi seems to be reasonable in some cases and can be added to the existing gating pattern. In [3], Samsung has proposed a simple uplink random gating pattern generating method based on SFN (System Frame Number) and real part of downlink primary scrambling code. The downlink gating pattern was fixed in [3]. However, in soft handover mode, there are some problems in using SFN and downlink primary scrambling code to generate random gating pattern, and the same gating pattern for uplink and downlink is more reasonable.

In this document, we revised the method proposed in [3] to solve the problems regarding the soft handover and to make the same gating pattern for uplink and downlink. In addition, we obtain the spectrum analysis results using the random gating pattern and compare with that of regular gating pattern. The proposed random gating pattern generation method is based on CFN (Connection Frame Number) and the imaginary part of uplink scrambling code. It is applicable to both uplink short scrambling code and long scrambling code. In order to enjoy the battery saving function with minimised EMC problem, the concept of random gating and proposed pattern generation method should be added to the specification.

2. Proposed random gating pattern generation method

Let’s define the gating group as a group consists of a number of consecutive slots in a frame, where the number of slots depend on the gating rate. If the gating rate is 1/5 (300Hz), then each gating group consists of 5 consecutive slots, and if the gating rate is 1/3 (500Hz), each gating group consists of 3 consecutive slots. Note that the number of gating group in each frame is 15*(gating rate), and each gating group has number from 0 to 15*(gating rate)-1 as in Figure 1. That is, in case of 1/5 rate gating, there are 3 gating groups in each frame and the gating group number is 0, 1, 2. In case of 1/3 rate gating, there are 5 gating groups in each frame and the gating group number is 0, 1, 2, 3, 4.
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(a) 1/5 rate gating (300Hz)
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(b) 1/3 rate gating (500Hz)

Figure 1. Gating Group and Gating Group Number

In order to reduce the undesirable EMC effect, we suggest a randomised gating pattern generated by varying transmission slot of current gating group based on 16 chips from imaginary part of uplink scrambling code corresponding to the first slot of the previous gating group.  Figure 2 shows the conceptual diagram of 1/5 rate gating case for an example. Note that in case that the current gating group number is 0, then the last gating group of previous frame should be considered.
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(a) Current gating group = 1          (b) Current gating group = 2
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(c) Current gating group = 0

Figure 2. Random Gating Pattern Generation Method (1/5 rate gating)

In Figure 2, the chip offset is an offset from the first slot boundary of the previous gating group with the amount of previous gating group number. The chip offset is introduced to randomise gating pattern even with the uplink short scrambling code. In other words, if the chip offset is not included when the uplink short scrambling code is used, then the gating pattern becomes fixed again. In addition, in order to avoid the periodic gating pattern with period of 10ms, the repeated CFN (Connection Frame Number) is masked to 16 chips corresponding offset uplink scrambling code. CFN is defined by [4]

CFN = (SFN + Frame_offset) mod 256




(1)

where SFN is the System Frame Number (12 bit long) and Frame_offset is a radio link specific L1 parameter used to map the CFN, used in the transport channel, into the SFN transmitted between UE and UTRAN at L1. The range of CFN and Frame offset is 0…255 (8 bits). By utilising CFN, the random gating period becomes 256*10ms. In addition, in soft handover mode, the UE and multiple UTRANs have the same CFN at the same time, therefore, the UE and multiple UTRANs can generate identical gating pattern simultaneously.

The detail operations are as follows. Let i, be the CFN of current frame and j be the current gating group number, respectively. Then, in case of gating rate 1/3, the transmission slot in current gating group j is determined by an operation K(j-1) mod 3, where K(j-1) is an integer value generated from the previous group j-1. In case of gating rate 1/5, the transmission slot in current gating group j is decided by an operation K(j-1) mod 5. To be specific, K(j-1) is the decimal value constructed from the result of modulo-2 addition of repeated CFN and a sequence of length 16 chips extracted from imaginary part of uplink scrambling code with chip offset from the first slot boundary of the previous gating group j-1. Let S(j) be the selected position of slot for uplink and downlink DPCCH in current gating group j, then S(j) is decided by the following rules.

( Gating rate 1/3 (500Hz)

S(i) = K(j-1) mod 3,





(2)

( Gating rate 1/5 (300Hz)

S(i) = K(j-1) mod 5





(3)

The reason why we chose 16 chips long is to guarantee enough level of randomness of gating pattern. Figure 4 shows the description of the random gating pattern generation method for gating rate 1/3 and 1/5.

The estimated gate count for modulo operation with 16 chip input is summarised in Table 1.

Table 1. Estimated gate count for modulo operation with 16 chip input


Gate count
maximum estimated delay

mod 3
329
13.86ns

mod 5
491
16.05ns

As we can see from the Table 1, the proposed random gating pattern can be implemented with negligible complexity.

3. Spectrum Analysis

Figure 3 shows the power spectral density of uplink DPCCH with (a) regular gating pattern and (b) random gating pattern when the gating rate is 500Hz. As we expected, the power spectral density of the gated signal spreads over wider frequency range and the peak power spectral density becomes smaller by random gating pattern.
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(a) Regular Gating Pattern
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(b) Random Gating Pattern

Figure 3. Power Spectral Density: (a) Regular Gating Pattern, (b) Random Gating Pattern

4. Recommendation

We propose to add random pattern into existing regular(periodic) pattern as this can minimise the EMC effects to hearing aid devices. However the regular pattern also need to be kept as this guarantee better link performance than random pattern. Depending on national regulations, operating environments and operators, the UTRAN can select best one among the combination of gating pattern and gating rate.

The following table shows the samples in WG2 specifications on IE for RRC gating rate, gating pattern  even though they are FFS at this moment. Since the random gating pattern was already included in the WG2 specification, there is no additional jobs to include the proposed random gating pattern to WG2.

10.2.6.14 Gated Transmission Control info (FFS) (FDD only) in TS25.331 RRC specification v1.5.0 

Information Element/Group name
Presence
Range
IE type and reference
Semantics description

Gating pattern
M

Enumerated (periodic, random- (FFS))


Gating rate
M

Enumerated (Full rate, 1/3 , 1/5 or 0
Indicates gated transmission rate

5. Conclusion
This document proposed a random gating pattern generation method for uplink and downlink DPCCH gated transmission, using the imaginary part of uplink scrambling code. The proposed generation method can be applicable to both uplink short scrambling code and long scrambling code without modification. Utilisation of a random gating pattern, can result in decreased UE battery consumption, whilst  minimising the potential to cause interference due to EMC factors. The specific gating operation mode such as gating rate and gating pattern, can be determined by the UTRAN depending on the operating environment.
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Figure 4. Description of random gating pattern generation for gating rate 1/3, 1/5

_1001388339.vsd
0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

14�

gating
group 0�

gating
group 1�

gating
group 2�

gating
group 3�

gating
group 4�


_1001397379.vsd
CFN=i�

0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

14�

gating group 0�

gating group 1�

gating group 2�

2560 chips�

256 chips�

16 chips�

CFN=i�

CFN=i�

mod 5�

1 chip offset�


_1001397505.vsd
CFN=i�

10�

11�

12�

13�

14�

gating group 2�

CFN=i-1�

0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

gating group 0�

gating group 1�

2560 chips�

256 chips�

16 chips�

CFN=i-1�

CFN=i-1�

mod 5�

2 chip offset�


_1001420106.vsd
0 chips
offset�

Imaginary part of
uplink scrambling code :�

00111100....�

01010110....�

-100..0101..�

11100100....�

10110100....�

--110..0100..�

01000110....�

01010101....�

---100..0010..�

00100101....�

11010001....�

----01..0100..�

(XOR with repeated CFN) mod 3 (=2)�

(XOR with repeated CFN) mod 3 (=0)�

01100101....�

11110100....�

(XOR with repeated CFN) mod 3 (=0)�

(XOR with repeated CFN) mod 3 (=1)�

Imaginary part of
uplink scrambling code :�

00111100....�

01010110....�

11110101....�

11100100....�

-00..1100...�

01010100....�

01000110....�

01010101....�

10110010....�

--01..1001...�

11010001....�

01000100....�

01100101....�

11110100....�

(XOR with repeated CFN) mod 5 (=1)�

(XOR with repeated CFN) mod 5 (=3)�

0�

4 chips
offset�

----010..0100....�

1 chips
offset�

2 chips
offset�

01100101....�

11110100....�

3  chips
offset�

--001..0011..�

2  chips
offset�

0 chips
offset�

01100101....�

11110100....�

(XOR with repeated CFN) mod 3 (=1)�

1 chips
offset�

00..1100...�

Gating Group 1�

Gating Group 2�

Gating Group 3�

Gating Group 4�

2 chips
offset�

Gating Group 0�

Gating Group 1�

1�

2�

3�

...�

4�

5�

Gating Group 2�

6�

(XOR with repeated CFN) mod 5 = (4)�

16 chips�

16 chips�

4 chips
offset�

Gating Group 0�

7�

8�

9�

10�

11�

12�

13�

14�

Downlink
DPCCH�

2560 chips�

TPC�

FBI�

Pilot�

10ms = 15 time slots�

Downlink
DPCCH�

Gating rate 1/3�

Uplink
DPCCH�

TPC�

FBI�

Pilot�

2560 chips�

TPC�

100..0101..�

TPC�

FBI�

Pilot�

Pilot�

TPC�

Pilot�

Gating rate 1/5�

Uplink
DPCCH�

DL-UL
timing�

1�

2�

0�

1�

2�

0�

1�

2�

0�

1�

2�

0�

1�

2�

0�

1�

2�

0�

1�

2�

0�

1�

2�

0�

1�

2�

0�

1�

2�

0�

1�

2�

0�

3�

4�

1�

2�

0�

3�

4�

1�

2�

0�

3�

4�

1�

2�

0�

3�

4�

1�

2�

0�

3�

4�

1�

2�

0�

3�

4�

slot #�

gating slot #�

gating slot #�

DL-UL
timing�


_1001397343.vsd
CFN=i�

0�

2560 chips�

256 chips�

1�

2�

16 chips�

3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

14�

gating group 0�

gating group 1�

gating group 2�

CFN=i�

CFN=i�

mod 5�


_1001388311.vsd
0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

14�

gating group 0�

gating group 1�

gating group 2�


