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1 Introduction

Information on the impact of the IPDL gaps has been requested and a contribution was presented last meeting in [1] by Nokia.. 

In this document we present results of AMR-speech link level simulations when IPDL is scheduled.

2 Simulation assumptions

The link level simulations were performed with continuous mode IPDL. During the simulations the idle periods have occurred rather frequently (every 5th radio frame) in order to evaluate the worst case and little less frequently (50th radio frames) in order to evaluate the minimum effect of continuous mode. For simulation parameter settings see Table 1.

Only the biggest possible gap length has been investigated since it gives the longest time to make good measurements on. 

	Parameters

	TTI-AMR speech
	20 ms

	Coding
	See Table 2

	BLER
	Down to ~0.1% on class A bits

	Radio environment
	3GPP Typical Urban

	IP Status
	Continuous

	IP Length
	10 CPICH symbols

	IP Spacing
	5 and 50 frames

	AMR mod
	4.75 and 12.2 kbps


Table 1. Simulation parameters.

Both AMR modes have been in the same TFCS and the transport channel parameters are seen in Table 2. 

	Mode
	Class
A
	Class
B
	Class
C
	Total bits 20ms
	Signal bits 40ms
	Info bits 20ms
	After RM
A
	After RM
B
	After RM
C
	After RM
Signal
	Total RM bit

	4.75
	42
	53
	0
	95
	148
	169
	176
	173
	0
	476
	887

	12.2
	81
	103
	60
	244
	148
	318
	288
	316
	178
	476
	1020

	convolutional code


	-
	-
	-
	-
	-
	-
	1/3
	1/3
	1/2
	1/3
	-


Table 2. Bits for each transport channel for AMR and corresponding number of bits to transmit. (Class A bits also use a 12 bit CRC and Signaling bits use a 16 bit CRC)

Together with head and tail bits for the convolutional code this results in that class A, B and the signaling has been punctuated and class C been repeated. The signaling is harder punctuated when the other transport classes.

3 Results

The link level simulations are presented in terms of BLER, that is, a key parameter for AMR speech quality. In the below figures BLER is shown for each transport channel and the signaling channel. 
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Figure 1. BLER for the class A.  a) AMR 12.2. b) AMR 4.75.
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Figure 2. BLER for the class B.  a) AMR 12.2. b) AMR 4.75.
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Figure 3. BLER for the signaling.  a) AMR 12.2. b) AMR 4.75.


[image: image4.wmf]  

 

 


Figure 4. BLER for class C for AMR 12.2.

As is seen in Figure 1 to Figure 4 the effect of IDPL is extremely small for both AMR modes. In case of IP spacing 50 the degradation is negligible and only small degradations exist for IP spacing 5. For IP spacing 5, 0.1 dB extra Ed/No is needed to maintain a BLER for class A of 1% and 0.13 dB to maintain a BLER of 0.5%.

	
	Bit rate
kbps
	BLER 
class A
	BER 
class B
	BER 
class C
	BLER Signaling
	Ed/No (dB)

	No IPDL
	12.2
	1%
	0.20%
	0.54%
	0.6
	4.58

	IP-Spacing 5
	12.2
	1%
	0.18%
	0.56%
	0.8
	4.68

	IP-Spacing 50
	12.2
	1%
	0.20%
	0.53%
	0.6
	4.58

	No IPDL
	4.75
	1%
	0.17%
	-
	1.4
	4.57

	IP-Spacing 5
	4.75
	1%
	0.18%
	-
	1.4
	4.66

	IP-Spacing 50
	4.75
	1%
	0.17%
	-
	1.4
	4.58

	No IPDL
	12.2
	0.5%
	0.10%
	0.29%
	0.2
	4.88

	IP-Spacing 5
	12.2
	0.5%
	0.09%
	0.31%
	0.4
	5.00

	IP-Spacing 50
	12.2
	0.5%
	0.10%
	0.29%
	0.2
	4.88

	No IPDL
	4.75
	0.5%
	0.09%
	-
	0.6
	4.90

	IP-Spacing 5
	4.75
	0.5%
	0.09%
	-
	0.6
	5.02

	IP-Spacing 50
	4.75
	0.5%
	0.09%
	-
	0.6
	4.91


Table 3. BLER for different transport channels at 1% and 0.5% BLER, respectively for class A BLER. 

It is also seen in the figures that the effect are similar to all transport channels. In Table 3 corresponding values that effect the speech is shown, where BLER, BER and Eb/No values are extracted for two fixed BLER values for class A. It is here seen that both modes have the same performance for IP spacing 50 and no IPLD. For IP spacing 5 small changes in the BER relation exist for transport channel B and C, also for the signaling small changes exist. These changes are small and should not have any impact on speech quality.  The biggest changes exist in the degradation of the signaling, but BLER is still low. It is also seen that extra energy is needed to maintain BLER on class A bits if idle periods are used frequently (IP spacing 5), but the extra needed energy is so small that it will only have a very low effect on the capacity. Its most likely that the stronger degradation on the signaling bits are due the that this transport channel wore punctuated more. 

A very limited listening test showed no impact on the speech quality due to IDPL.

Since all transport channels had low degradation due to IPDL it is not likely to see any big impact on other services that use the same codes and high spreading factors. 

4 Conclusions

IPDL has no big impact on the quality of AMR speech since only very small increase of BLER and BER occur when IPDL is introduced. Also services that use similar radio bearers will most likely not be affected if a small power increase is allowed.

Only a small increase of power is needed to compensate for the impact of IPDL (maximum 0.1 to 0.15 dB in Ed/No for 0.5% BLER) for high frequency use of the idle periods. 

For a very low idle period frequency the needed power to maintain the quality is negligible and the capacity is not decreased.

Since one idle slot did not have any effect (or only require small amount of extra power, 0.1-0.5 dB) on this radio bearer, nor will 0.5 slots of idle period will have any effect since less data will be lost.
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