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1 Introduction

There have been discussions in the past on whether AMR 5.9 kbps should be supported using spreading factor 128 or 256, cf. [1]. The conclusion of these discussions was to change the spreading factor from 128 to 256 for the reference RAB combination in TS34.108, cf. [2]. However, with more detailed simulation results available, we have observed that both configurations have benefits in certain scenarios. Furthermore, simulation results show that changing the slot format from 4 to 2 for AMR 5.9 kbps also provides benefits. We therefore propose to change the slot format for AMR 5.9 in TS34.108 and introduce in TS25.993 an AMR 5.9kbps RAB with SF 128.

2 Discussion

During former RAN meetings, a code limitation issue for AMR 5.9 kbps with SF 128 was identified. To overcome this code limitation, SF 256 was introduced and the reference RAB in TS34.108 was changed accordingly, cf. [2]. However, usage of SF 256 also introduces more puncturing, which also requires more transmission power as compared to the one for SF 128. In Figure 1 the average transmission power consumption is depicted. The viewgraphs are normalized with respect to AMR 5.9 kbps using SF 256. The main simulation assumptions are listed in the Annex.
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Figure 1:  Average Tx power relative to AMR 5.9 kbps with SF 256, 100% DTCH activity
The results can be summarized as follows:

· With SF 256, roughly 35% puncturing on the DTCH is employed, which makes slot format 4 (SF 256) considerably less power efficient than slot format 8 (SF 128), whereby roughly 60% repetition is employed.

· Slot format 4 has twice as many DPCCH pilot chips as slot format 8, thus improving SIR estimation for forward link.

· As shown in Figure 1 for DTCH is 100% active, AMR with SF128 consumes about 17-18% less transmit power than with SF 256.

The results depicted in Figure 1 are assuming that there is 100% DTCH activity. However even when DTCH is inactive, there is a drawback as the DPCCH overhead increases from 15% with slot format 8 to 30% with slot format 4. The following table gives an excerpt from the slot format table in [3].

Table 1: Excerpt from slot format table in 25.211

	Slot Format
	Channel Bitrate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Total Bits/Slot
	DPDCH bits per slot
	N_TPC
	N_TFCI
	N_Pilot
	Fraction of DPCCH bits per slot

	2
	30
	15
	256
	20
	16
	2
	0
	2
	20%

	4
	30
	15
	256
	20
	14
	2
	0
	4
	30%

	8
	60
	30
	128
	40
	34
	2
	0
	4
	15%


Considering a 50% activity factor on the DTCH, the average DPCH power is almost 30% less with SF 128 compared to SF 256. The results for 50% DTCH activity are illustrated in Figure 2.
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Figure 2: Average Tx power relative to AMR 5.9 kbps with SF 256, 50% DTCH activity
To reduce the transmission power requirements between AMR 5.9 kbps with SF 128 and SF 256, slot format 2 can be used as it also reduces the DPCCH overhead from 30% to 20%. Furthermore, the puncturing on DTCH is lowered from roughly 35% to 25% when using slot format 2 instead of slot format 4. The drawback from using slot format 2 is, however, that the number of pilot bits is reduced from 4 to 2 and therefore the SIR estimation performance for the inner loop power control degrades. The results for slot format 2 are also included in Figure 2 for 50% DTCH activity.

The average transmit power for AMR 5.9kbps with SF 256 with slot format 2 is roughly 15% lower than the one for slot format 4, but the required transmission power is still higher than the one for AMR 5.9 kbps with SF 128. Investigations on adjusting PO3 for slot format 2 showed that the DPCCH overhead outweighed improvements in SIR estimation.

3 Conclusions

As outcome of the simulations results, AMR 5.9 kbps should be supported with SF 128 as well as SF 256. Supporting both spreading factors provides flexibility to trade off power efficiency versus bandwidth efficiency. Additionally, the simulation results showed that AMR 5.9 kbps can be more efficiently supported using slot format 2, we therefore propose to change the reference combination in TS34.108 from slot format 4 to 2.

4 References

[1]

R1-02-1062, Code Limitation and Introduction of SF=256 for AMR 7.95 kbps - 5.9 kbps, Lucent Technologies

[2]
T1-041942, Update of Reference Radio Bearer for Conversational / speech / UL:5.9 DL:5.9 kbps / CS RAB for DL SF=256, Cingular Wireless, Ericsson, Lucent, Siemens

[3]
3GPP TS 25.211 V6.6.0 (2005-09), Physical channels and mapping of transport channels onto physical channels (FDD) (Release 6), Table 11

5 Annex

The main simulation assumptions are summarized as follows:

· Link level simulations are performed for the multipath cases AWGN, Pedestrian-A 3 km/h, Vehicular-A 120 km/h for slot format 8, slot format 4 and slot format 2 with the following assumptions:

· RAKE receiver with MRC, maximum of 5 paths, perfect searcher/tracker

· Realistic channel estimation based on P-CPICH

· Realistic SIR estimation for ILPC, based on P-CPICH and DPCCH pilot bits

· ILPC on with step size of 1 dB

· OLPC on with BLER target of 0.7%

· Link simulations output is the average DPCH Tx Ec/Ior vs Geometry with DTCH on 100% of the time

· Rate matching with fixed position multiplexing takes into account physical channel allocation requirements of DCCH, but DCCH power not included in Tx Ec/Ior as activity is quite low

· Considering DPCCH overheads with the different slot formats, the average Tx Ec/Ior for 100% DTCH activity is converted into an average Tx Ec/Ior for 50% DTCH activity to illustrate the average required power for typical voice traffic

· For easier comparison of the link power consumption, the average DPCH Tx Ec/Ior at each geometry value are normalized by the average DPCH Tx Ec/Ior for AMR 5.9 SF 256 at this geometry.  Then it is averaged over the different multipath profiles at this geometry. The result of this operation, the Average Tx power relative to AMR 5.9 SF 256, is plotted on the graphs, versus Geometry.

