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1 Introduction 
A new study item “DCH Enhancements for UMTS” [1] was initiated in RAN#58, to enhance the efficiency of DCH channels. This contribution will review the AMR Source Controlled Rate (SCR) operation firstly. According to the properties of AMR vocoder output packet, we will then investigate ways to reduce the uplink DPCCH transmission power so as to reduce the UE power consumption and the interference thus to improve the system capacity.
2 AMR SCR operation
Source Controlled Rate operation (SCR) is a mechanism for the AMR Speech Codec, which allows to encode the input signal at a lower average rate by taking speech inactivity into account [3]. The VAD (Voice Activity Detector) flag controls the overall SCR operation on the transmitter side. An example of AMR SCR timing procedure is illustrated in Figure 1. 
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Figure 1:  AMR SCR operation
When the VAD flag ="1", the speech encoder outputs frame marked with TX_TYPE = "SPEECH_GOOD". At the end of a speech burst, the VAD flag transitions from "1" to "0". After the hangover procedure, a frame marked with TX_TYPE = "SID_FIRST" is generated to indicate the end of the speech burst. Once the SID_FIRST frame has been passed, updated SID_UPDATE (Comfort Noise) frames are generated every 8th frame as long as the VAD flag = "0", and for other frames nothing will be transmitted.

Normally in a voice conversation, the speech is only activated on one side with the other sides listening. Statistically in a two-way conversation, in 50% of the session time a UE is transmitting the speech packets, the remaining 50% time is for SID and null, in particular, 6.25% (
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) for SID packet and 43.75% for transmitting nothing. In a multiple-way conference, the percentage time for a UE to transmit nothing would be increased proportionally with the number of joined parties.
However, the dedicated control channel, e.g. DPCCH in uplink, will be transmitted continuously even though no traffic data is transmitted in the dedicated data channel e.g. DPDCH in uplink. This will cause unnecessary UE power consumption and additional interference to the network. In fact the uplink DPCCH transmission power could be reduced at least for the voice only application. In the following sections we will discuss two ways to reduce the UL DPCCH power consumption.
3 Network Controlled DPCCH Power Down
3.1
Scheme
The scheme is as illustrated in Figure 2. The NodeB can determine whether there are data or not carried in the DPDCH depending on the TFIC information of the DPCCH. See details in section 3.2. For the first M slots, the normal power control in DPCCH is performed. During this period the NodeB will make the abovementioned decision. If there is no data in UL DPDCH and DL DPDCH (so UL TPC command is not necessary any more), it is our intention to lower the UL DPCCH transmission power or even gate the UL DPCCH. Then the NodeB will temporarily lower the SIR target say by SIR_Down. In order to resume the transmission power in the next TTI where the DPDCH would not be null any more, the SIR target will be increased by SIR_Up to the normal level at N slots before the transmission of the next TTI. Normally the SIR_Down and SIR_Up are identical.
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Figure 2:  NodeB controlled DPCCH power down
3.2
NodeB determines null in DPDCH
How does the NodeB determine whether there are data or not carried in the DPDCH? One way is to make the decision based on the TFCI in DPCCH.
The coding of TFCI is specified in section 4.3.3 of 3GPP TS 25.212 [4], encoded using a (32, 10) sub-code of the second order Reed-Muller code. The output code word bits bi are given by
[image: image4.wmf]2

mod

)

(

,

9

0

M

a

b

n

i

n

n

i

´

=

å

=


where an’s are the TFCI information bits, Mi,n are the basis sequences for (32,10) TFCI code, i = 0, …, 31.
Clearly it is a special case for TFCI = 0 that the corresponding code word bits bi’s are all zeros. We analyze the output TFCI code words of all the TFCI values from 0 to 1023. The result is shown in Figure 3, assuming two TFCI code word bits transmitted in each DPCCH slot. For example, for the legend “Slot#0-2” whose value is 8, it means that there are total 8 TFCI values for which the TFCI fields of DPCCH in the first 3 slots (from slot#0 to slot#2) are filled with all zeros. From Figure 3 we can find out that starting from slot#3 there are only two TFCI values (TFCI = 0 and 16) are transmitted with all zeros from slot#0. Then starting from slot#8 only one TFCI value (TFCI = 0) is transmitted with all zeros. This property of TFCI code word could be used to determine null or not in the DPDCH.
We can set TFCI = 0 (or even TFCI = 16) as an indication of null in the transport format. If the TFCI fields in the first four slots are all zeros, then it should be null in DPDCH. The DPCCH transmission power in the remaining slots could be lowered.
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Figure 3:  TFCI code word analysis

3.3
TPC bit patterns to carry new power control command
When the SIR target is temporarily increased or decreased as depicted in Figure 2, a higher TPC step size (TPC) could be applied in addition to the already specified 1dB and 2dB in order to have the DPCCH transmission power converged quickly. The higher TPC could be, for example, defined as 3dB or even 5 dB. In the first M slots of a TTI, the normal TPC is applied to the uplink DPCCH. Then a higher TPC is used to reduce the DPCCH power quickly according to the temporarily decreased SIR target. After that the normal TPC procedure is used to control the DPCCH power. From the beginning of the last N slots of a TTI, the SIR target is increased back to the normal level. Accordingly, a higher TPC is used to increase the DPCCH power quickly. Then the DPCCH power control is back to the normal procedure.
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Figure 4:  Example of TPC transmission for null DPDCH

To meet the above mentioned DPCCH power control procedure, some kind of modification to the interpretation of TPC field in DPCCH would be necessary. In the current specification, the TPC field in downlink SF128 DPCCH is 2 bits, ‘11’ for TPC command ‘1’ and ‘00’ for TPC command ‘0’. The remaining bit patterns ‘01’ and ‘10’ are reserved. We can use ‘01’ and ‘10’ to indicate using the new higher TPC step size. We have the new TPC bit pattern as defined in Table 1. 
Table 1:  TPC bit pattern
	TPC Bit Pattern (NTPC = 2)
	Transmitter power control command

	11
00
	1 (as existing)
0 (as existing)

	10
	1 with higher TPC (new)

	01
	0 with higher TPC (new)


4 UE Autonomous DPCCH Power Down
In this scheme, a UE will determine if the DPCCH transmission is necessary or not, depending on e.g. null data in UL DPDCH, DL DPDCH early terminated. If yes, the DPCCH will be transmitted normally; otherwise, UE will lower the DPCCH transmission power or even mute the DPCCH transmission, as illustrated in Figure 5.
Same as the NodeB controlled scheme, the UE will be under the normal power control for the first M slots and the last N slots of a TTI. However, for the other slots the UE will not obey the TPC command from the NodeB and will transmit DPCCH in a lower power or even not transmit the DPCCH.
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Figure 5:  Example of UE autonomous DPCCH power down

5 Simulation

5.1
Mis-detection of null packet
In this simulation, TFCI is set fixed to 0 (null packet). The mis-detection of null packet is defined as that a TFCI = 0 is detected as non-zero. The following TFCI detection methods are studied in the simulation. The simulation result is in Figure 6.
· 6slot 1err
For 12 symbols in 6 continuous slots, allows at most one symbol detected as ‘1’. If more than one, it is detected as non-null packet.
· 6slot 2err
For 12 symbols in 6 continuous slots, allows at most two symbols detected as ‘1’. If more than two, it is detected as non-null packet.
· 8slot 1err
For 16 symbols in 8 continuous slots, allows at most one symbol detected as ‘1’. If more than one, it is detected as non-null packet.
· 8slot 2err
For 16 symbols in 8 continuous slots, allows at most two symbols detected as ‘1’. If more than two, it is detected as non-null packet.
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(A) AWGN
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(B) PA3
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(C) PB3
	[image: image11.emf]-8 -6 -4 -2 0 2 4 6 8 10

10

-3

10

-2

10

-1

10

0

FAIL TO DETECT TFCI=0 (RATE) vs. SIR Target in VA30

SIR Target in dB

FAIL TO DETECT TFCI=0 (RATE)

 

 

6slot 1err

6slot 2err

8slot 1err

8slot 2err


(D) VA30

	[image: image12.emf]-8 -6 -4 -2 0 2 4 6 8 10 12

10

-4

10

-3

10

-2

10

-1

10

0

FAIL TO DETECT TFCI=0 (RATE) vs. SIR Target in VA120

SIR Target in dB

FAIL TO DETECT TFCI=0 (RATE)

 

 

6slot 1err

6slot 2err

8slot 1err

8slot 2err


(E) VA120
	[image: image13.emf]-10 -5 0 5 10 15

10

-3

10

-2

10

-1

10

0

FAIL TO DETECT TFCI=0 (RATE) vs. SIR Target in VA250

SIR Target in dB

FAIL TO DETECT TFCI=0 (RATE)

 

 

6slot 1err

6slot 2err

8slot 1err

8slot 2err


(F) VA250

	Figure 6:  Mis-detection of null packet


5.3
False alarm of null packet
In this simulation, TFCI is randomly set to any of 1 to 31 but 16. The false alarm of null packet is defined as that a non-zero TFCI is detected as TFCI = 0. The TFCI detection methods are the same as in the above section. The simulation result is in Figure 7.
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(A) AWGN
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(B) PA3
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(C) PB3
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(D) VA30
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(E) VA120
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	Figure 7:  False alarm of null packet


The false alarm of null packet will cause voice packet loss, which will cause voice quality degradation. So the false alarm performance is more important than the mis-detection.
From Figure 7 it is observed that, the ‘8slot 1err’ method, as expected, shows the best performance compared with the other methods; while the ‘6slot 2err’ shows the worst performance. It seems that the ‘6slot 2err’ is not an appropriate method for null packet detection while the other three ones could be used depending on the false alarm setting. 
6 Conclusion 
In this contribution we review the AMR SCR operation which will produce null packets for about 50% time of a voice conversation. To reduce the UE power consumption and to reduce the interference, we study the ways to reduce the UE DPCCH transmission power for voice only service in case of null voice packet being transmitted. Two schemes are investigated, one is the network controlled DPCCH power down, and the other is the UE autonomous DPCCH power down. The performance of null packet detection and false alarm is studied with simulation using four different null packet detection methods.
We propose that, 
Proposal 1:
RAN WG1 to further investigate the benefit and potential impact of both the schemes of network controlled and UE autonomous DPCCH power down.
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Annex A: Simulation Assumptions
The simulation assumptions refer to [5], excluding only one DPCCH channel is open, other channels are closed and the Propagation Channel is refer to [6].
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