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1 Introduction

RAN#58 initiated a study item on DCH enhancements [1], following an initial analysis of gains possible from such enhancements as shown in [1]. In this contribution we present an initial link analysis of the DCH enhancements. 
2 Link Evaluation
2.1 Link Simulation Assumptions
The link-evaluation simulation settings for uplink are specified in [3, Table 4].  In this study, each simulation consists of transmissions of a payload whose bits are generated randomly at each TTI, but whose size (TBS) is fixed over the entire simulation as specified in [3, Tables 15 and 16].  In this sense, the traffic modelling in this evaluation is fixed rate, i.e., the Markov models speficied in [3] for voice traffic generation are not directly used to generate traffic data across different TTIs. However, once the link performance for each packet type is evaluated through the fixed-rate modelling, the overall performance is estimated by averaging across different packet types according to Markov model statistics of [3].  These Markov model statistics are referenced for the purpose of this study in [3, Table 7, 8].
Specifications of PHY layer UL enhancements modelled in this evaluation are described in [4], with the exception that in the present evaluation, only a stand-alone uplink link is modelled.  To sustain UL transmit power control, a fictious DL control link is assumed carrying UL TPC bits at a fixed BER, and carrying error-free UL ACK messages for termination of UL transmission with a fixed delay, as specified in [3, Table 4]  
As another difference due to not modelling the DL link, in this evaluation, termination of UL transmission occurs as soon as the UL transmitter receives the ACK message.  This is different from the specification of UL FET operation in [4], where UL termination occurs only after both DL and UL have successfully decoded their corresponding messages.  This modelling is justified in light of shorter DL DCH TTI for voice traffic of 10ms. 
Two UL control channels are modelled in this study.  For the UL PDCCH channel, a new slot format is specified in [3,  Table 5], where each slot is comprised 8 symbols for pilot 2 symbols for DL TPC and there are no fields reserved for TFCI.  The TFCI information is carried over an independent control channel, and is transmitted at the first two slots of each UL TTI, over a new channel with an orthogonal OVSF code; see [4] for details. A TFCI power offset controls the ratio of power of TFCI control channel with respect to UL DPCCH baseline, and is specified in [3, Table 4]. Slot formats for the control channel carrying TFCI is specified in [3, Table 6].  
Finally, in this link evaluation study, NULL packets encoding silence speech periods are transmitted by sending a packet comprised of encoded CRC bits.  This is not an optimal behavior, and [3] proposes avoiding transmission of NULL packets and relying on TFCI decoding to detect NULL packets.  However, the present link-level evaluation presents the link-level performance without such optimization of NULL packets.  The optimized traffic-to-pilot (T2P) power ratios used in this study are listed for both AMR 12.2kbps and EVS 5.9kbps are listed in Table 1 and Table 2, respectively. 
Table1: Link-level T/P settings for EVS 5.9kbps with UL PHY enhancements, targeting 5% BLER after 10ms

	Vocoder
	Voice Packet Type
	T/P [dB]

	EVS5.9K
	TRANSIENT
	2.694

	EVS5.9K
	ACELP
	1.938

	EVS5.9K
	NELP
	-1.938

	EVS5.9K
	SID
	-4.437

	EVS5.9K
	Null
	-9.542


Table 2: Link-level T/P settings for AMR 12.2kbps legacy DPCH, targeting 1% BLER after 20ms

	Vocoder
	Voice Packet Type
	T/P [dB]

	AMR12.2K
	Full
	1.938

	AMR12.2K
	SID
	-5.46

	AMR12.2K
	Null
	-11.481


2.2 UL Link Results
The total received Ec/Nt power ratio in dB is listed Table 3 and Table 4 for AMR 12.2kpbs and EVS 5.9kpbs, respectively.  Per packet-type values for Total Received Ec/Nt and Average Received Ecp/Nt of DPCCH are also listed for reference in these tables.
Table 3: Link Performance of AMR 12.2kbps on legacy DPCH 


	Channel Type
	Voice Packet Type
	Total received Ec/Nt (dB)
	Average Received Ecp/Nt of DPCCH (dB)
	Average Total Received Ec/Nt Across All Packet Types (dB)

	PA3
	FULL
	-18.8652
	-22.9517
	-20.2273

	PA3
	SID
	-21.5162
	-22.6034
	

	PA3
	NULL
	-22.3339
	-22.6323
	

	PB3
	FULL
	-17.7815
	-21.868
	-19.1549

	PB3
	SID
	-20.4193
	-21.5064
	

	PB3
	NULL
	-21.2947
	-21.5931
	

	VA30
	FULL
	-17.7536
	-21.8402
	-19.1640

	VA30
	SID
	-20.4066
	-21.4937
	

	VA30
	NULL
	-21.4042
	-21.7025
	

	VA120
	FULL
	-17.1646
	-21.2511
	-18.6166

	VA120
	SID
	-19.9419
	-21.0291
	

	VA120
	NULL
	-20.9537
	-21.252
	


Table 4: Link Performance of EVS 5.9kbps on enhanced DPCH
	Channel Type
	Voice Packet Type
	Total received Ec/Nt (dB)
	Average Received Ecp/Nt of DPCCH (dB)
	Average Total Received Ec/Nt Across All Packet Types (dB)
	Gain in Total Ec/Nt vs AMR 12.2kbps legacy (dB)

	PA3
	Transient
	-20.3513
	-25.2798
	-22.0198
	1.7925

	PA3
	ACELP
	-20.5746
	-25.0714
	
	

	PA3
	NELP
	-22.1642
	-24.9299
	
	

	PA3
	SID
	-22.455
	-24.5763
	
	

	PA3
	Null
	-23.6605
	-25.1533
	
	

	PB3
	Transient
	-19.5913
	-24.5103
	-21.3582
	2.2033

	PB3
	ACELP
	-19.8579
	-24.3432
	
	

	PB3
	NELP
	-21.4588
	-24.2089
	
	

	PB3
	SID
	-21.8812
	-23.9756
	
	

	PB3
	Null
	-23.103
	-24.5613
	
	

	VA30
	Transient
	-19.3566
	-24.2709
	-21.1581
	1.9941

	VA30
	ACELP
	-19.6321
	-24.1123
	
	

	VA30
	NELP
	-21.2744
	-24.0163
	
	

	VA30
	SID
	-21.6832
	-23.7656
	
	

	VA30
	Null
	-22.9432
	-24.3788
	
	

	VA120
	Transient
	-18.8886
	-23.8056
	-20.751
	2.1344

	VA120
	ACELP
	-19.186
	-23.67
	
	

	VA120
	NELP
	-20.8357
	-23.5849
	
	

	VA120
	SID
	-21.3293
	-23.4235
	
	

	VA120
	Null
	-22.6148
	-24.0696
	
	


          [image: image1.png]1.2

0.8

0.6

0.4

0.2

Slot 2
(2ms)

Slot 5
(4ms)

Slot 8
(6ms)

Slot 11 Slot 14 Slot17 Slot20 Slot23 Slot26 Slot 29

(8ms)

(10ms)

(12ms)

(14ms)

(16ms)

(18ms)

(20ms)

HPA3

HPB3
VA30

EVA120





Figure 1: Uplink FET Cumulative Early Decode Success Rate for EVS 5.9kbps with DPCH+ PHY Enhancements, at decoding attempts corresponding to different slots.
Figure 1 shows the cumulative rate of early termination of UL transmission, i.e., the percentage of packets that are terminated at or prior to each decoding attempt represented by the X-Axis.  As can be seen in this figure, by 10ms, most UL packets are terminated, indicating potentially substantial gains in UE battery life, due to gating of UE transmit circuitry.  Although the exact amount of battery savings depends on specific UE implementation and the communication scenario, early termination statistics shown in Figure 1 may be used to infer such potential savings. 
3 Conclusions

In this contribution, we have presented an initial link performance study for uplink enhancements to circuit-switched voice carried over DCH. A link performance gain of around 2 dB was observed across a range of channel models. Based on this study, significant battery life improvements are predicted due to early termination of UL transmission.
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