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1. 
Introduction

One of the modifications considered for DCH enhancements for voice study item is not to use DPCCH pilot bits for the SINR estimation in downlink. Due to the fact that the DPCCH pilots are used only for the SINR estimation it is possible to investigate the system performance in the case when DPCCH pilots are not transmitted, but the bits are instead used to transmit additional redundancy bits for the voice frame.
2. 
Performance results
In Table 1 results for two DL systems with TPC based SINR estimation are presented. The first system uses the original DPCCH slot format 8. The second one also uses the same DPCCH slot format but does not transmit DPCCH pilot bits i.e. no power is allocated on physical bits that carry DPCCH pilot bits. Due to the fact that both approaches use TPC based SINR estimation algorithms the DPCCH pilot bits are not used for SINR estimation.

Table 1: DL systems comparison for original DPCCH slot format 8, with and without DPCCH pilot bits

	Geometry
	TPC, DPCCH pilots, Tx Ec/Ior [dB]
	TPC, no DPCCH pilots, Tx Ec/Ior [dB]
	Gain [dB]

	G0
	-14.58
	-15.89
	1.31

	G3
	-18.61
	-19.42
	0.81

	G6
	-20.91
	-21.80
	0.88

	G9
	-22.27
	-22.91
	0.64

	G12
	-23.11
	-23.61
	0.50


As seen in Table 1, this approach can save some power. It is because not transmitting the DPCCH pilots reduces the average transmitted DPCH power. The gain is strongly connected with the value of Geometry. The highest power savings can be observed for Geometry equal to 0 dB while the smallest ones for Geometry equal to 12 dB. The difference in gains for different Geometry values is caused by different Tx Ec/Ior values. The smaller Tx Ec/Ior value the smaller gain is observed.

Another approach to handle DPCCH pilot bits that are not transmitted is to change the DPCCH slot format. Here a modified DPCCH slot format in which the bits that were originally devoted to pilots now carry data bits is used. Such an approach with modified DPCCH slot format was compared with the scenario in which the classical DPCCH slot format is used. Similarly as in the previous results, both approaches use TPC based (no DPCCH pilot bits) SINR estimation. Results are presented in Table 2.
 Table 2: DL systems comparison for original DPCCH slot format 8, with and without DPCCH pilot bits
	Geometry
	DPCCH slot format no 8, Tx Ec/Ior [dB]
	Modified DPCCH slot format no 8, Tx Ec/Ior [dB]
	Gain [dB]

	G0
	-14.58
	-16.04
	1.46

	G3
	-18.61
	-20.39
	1.78

	G6
	-20.91
	-22.32
	1.40

	G9
	-22.27
	-23.66
	1.39

	G12
	-23.11
	-24.48
	1.37


In this scenario a larger number of physical bits decreases the coding rate (increasing coding gain). Overall system gains for all Geometries remain almost constant and achieve the value of about 1.4 dB what makes this approach better than the first one.

Just to have a comprehensive comparison, two additional approaches have also been investigated. Both approaches use TPC + DPCCH pilot bits based SINR estimation but have different delay in the CLPC power loop. The results obtained with these two approaches with the comparison to the TPC based SINR estimation are presented in Tables 3 and 4.
Table 3: DL systems comparison for TPC based SINR, CLPC delay = 0 slot with TPC + DPCCH pilot bits based SINR estimation, CLPC delay = 1 slot

	Geometry
	TPC, CLPC delay = 0 slot, Tx Ec/Ior [dB]
	TPC + DPCCH pilot bits, CLPC delay = 1 slot, Tx Ec/Ior [dB]
	Gain [dB]

	G0
	-14.58
	-14.57
	-0.01

	G3
	-18.61
	-18.48
	-0.14

	G6
	-20.91
	-21.00
	0.08

	G9
	-22.27
	-22.63
	0.36

	G12
	-23.11
	-23.65
	0.54


Table 4: DL systems comparison for TPC based SINR, CLPC delay = 0 slot with TPC + DPCCH pilot bits based SINR estimation, CLPC delay = 0 slot

	Geometry
	TPC, CLPC delay = 0 slot, Tx Ec/Ior [dB]
	TPC + DPCCH pilot bits, CLPC delay = 0 slot, Tx Ec/Ior [dB]
	Gain [dB]

	G0
	-14.58
	-14.74
	0.16

	G3
	-18.61
	-18.70
	0.08

	G6
	-20.91
	-21.35
	0.43

	G9
	-22.27
	-22.96
	0.69

	G12
	-23.11
	-23.99
	0.88


The approach with TPC + DPCCH pilot bits and CLPC delay equal to 1 slot is an extension of the approach with TPC based SINR estimation. In this scenario, due to the larger number of bits used for SINR estimation, some gains are expected. But on the other hand in this approach CLPC has a delay larger by 1 slot, what actually decreases the overall system performance. These two opposite factors for Geometry equal to 0, 3 and 6 dB cause that no gain and no performance deterioration is observed. However, for larger Geometry values a small gain is observed due to the improved SINR estimation quality. 

The last investigated approach (with TPC + DPCCH pilot bits and CLPC delay equal to 0 slot) is similar to the previous one but has a smaller CLPC delay. The CLPC delay in this approach is the same as for SINR algorithms that are based on the TPC bits only. In this scenario the achieved results are slightly better (especially for medium and large Geometry values).

3. 
Conclusion
Eliminating pilot bits from the DL DPCH and using the freed physical layer space to transmit additional redundancy bits improves the voice link performance.
