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1 Introduction

In this contribution, we introduce enhancements to transporting circuit switched (CS) voice over dedicated channel (DCH) with the objective of maximizing data throughput in UMTS cells that carry both voice and data services, while retaining the robustness and reliability of the dedicated channel.
2 Motivation
The goal to improve data throughputs in 3G (UMTS) networks still remains. In scenarios where voice and data services coexist, one way to achieve this objective is to reduce the radio resource requirements (improved link efficiency) for voice services mapped on dedicated channels (DCH).
A relevant question could be raised immediately with regard to the above objective- Why not utilize CSoHS or VoIP over HSPA as specified in Rel-7? In the following, we attempt to address this question.
CS voice is more suitable to be carried on dedicated channels for the following reasons:
· Since physical channel resources are dedicated for the voice call, a minimal amount of overhead is required across the different layers of the protocol stack to transport the voice packets.

· This is in contrast to packet switched systems such as HSPA that are designed to transport data services. 
· By design, these systems introduce overhead at different layers of the stack (RLC headers, MAC headers, HS-SCCH, CQI sent on HS-DPCCH, E-DPCCH). 
· Soft handover on both the downlink and uplink results improves the reliability of signaling  and voice delivery at cell edge, and minimizes call drops
· A guaranteed Quality of Service (QoS) in terms of end-to-end delay for the voice services can be achieved

· Once a voice call has been established, there is no contention for radio resources from other users or services
On the other hand, CSoHS relies on multiple standards and implementation features to provide CS voice quality and efficient operation. 

In particular it relies on the following HSPA features as specified in 3GPP:

· 2ms TTI on UL
· CPC (DTX, DRX, HS-SCCH less)
· E-FDPCH
· SRB over HS & EUL
· Enhanced Serving Cell Change (E-SCC)
· RLC Duplicate Packet Detection for RLC UM. This standards feature enables the implementation of bi-casting in the UTRAN
· QoS Negotiation
· CS over HSPA
Furthermore, it relies on the following features to be implemented 

· QoS Scheduler
· Bi-Casting
· De-Jitter Buffer (UE and RNC)
· UE Receive Diversity
· Dynamic transition to 10ms TTI to enhance coverage
· UL Pilot IC (optional)
· Scalability of front end processing at NodeB receiver to handle multiple UEs transmitting in 2ms TTI
In addition to the above points, over the last decade, CS voice is transported on DCH in each and every commercial UMTS network deployment, worldwide. This fact itself is compelling enough to consider technical enhancements to improve link efficiency of CS voice on DCH.

3 Motivation and Principles
In this section, we introduce and discuss fundamental principles of the key enhancements of circuit switched (CS) voice services mapped on DCH.
3.1 Introduction of ACK Channel for CS Traffic
A key advantage of packet-switched systems is ARQ or hybrid-ARQ procedures, which allow to adapt channel coding rate to channel variations, by repeating the packet under poor channel conditions, or completing the packet transmission faster under good channel conditions.  Effectively, using feedback from ACK and NACK messages, H-ARQ adapts the channel coding rate based on channel condition, thus, improving the overall link efficiency.
For UMTS R99 circuit-switched traffic, a similar mechanism is designed to adapt the channel coding rate based on channel conditions, by introducing a feedback channel for acknowledgement.   The key concept is to allow the receiver decoder to decode the transmitted codeword at earlier opportunities, prior to receiving the entire codeword.   Once early decoding succeeds, an acknowledgement message is sent back to the transmitter, allowing the transmitter to early terminate the transmission.   Effectively, early decoding combined with early termination achieves better link efficiency for a circuit-switch system, in similar ways a traditional ARQ system takes advantage of code rate adaptation in a packet-switched system. 
An important side advantage of early termination is improved current consumptions, due to transmission and reception termination periods.  The proposed enhacements are designed to also take advantage of improved current consumptions, especially for the uplink. 
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Figure 1: Early decoding success rate for a typical AMR 12.2k CS voice traffic
Figure 1 shows success rates of early decoding in a typical CS AMR 12.2k voice transmission under various 3GPP channel models, with standard convolution coding and fixed-position rate matching [2].  As shown in this figure, early decoding succeeds with more than 70% chance at 14ms, for a 20ms typical voice packet, and with about 50% chance success at 12ms.   
The high chance of successful early decoding is in part due to channel fading variations, and inevitable delay and inefficiencies of inner-loop power control.   In effect, early termination allows cleaning up excess received SNR, aiding inner-loop power control to maintain only the required SNR levels.  Using the ACK channel, allows the receiver to signal successful early decoding to the transmitter to terminate transmission, and save power.
3.2 Reduced Overheads
A significant portion of power in DL CS transmission is consumed on dedicated pilots, used for received signal to noise ratio (SNR) measurements and power control.  However, SNR measurements could also be performed on data and control channels, thus eliminating the need for dedicated pilots for power control.  In return, the freed pilot bits can be allocated to data fields, achieving significant improvements.

As shown in Figure 2 for a voice only scenario, on the DL, close to 24% of total power profile is spent on transmitting dedicated pilots.  Significant improvements in link efficiency and inter-cell interference can be achieved by eliminating dedicated pilots, by performing received SNR measurements for power control via other control or data channels.
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Figure 2: Distribution of DL transmit power when CS voice is transmitted on DCH.  Fixed overhead includes common pilot and broadcast channels
3.3 More efficient speech coding
Compared to conventional AMR 12.2k speech coding, significant improvements can be achieved by using more efficient codec schemes.  Using a more efficient codec allows to have shorter packets at lower rates, thus, improving link efficiency for CS traffic.  Further, EVS 5.9k codec provides high-definition (HD) voice quality, at lower bit rates compared to AMR 12.2k codec.   The combination of improved voice quality, and improved link efficiencies, makes EVS 5.9k codec an attractive candidate to improve speech coding for CS voice traffic.
4 
Uplink Physical Layer Enhancements

The concepts of frame early termination are also applied in the uplink.  In the uplink, unlike the TDM-CDM approach taken for the DL, the proposed design relies on repetitions and compression, to allow for early decoding. 
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Figure 3: Concept of Uplink Frame Early Termination
4.1 DTCH/DCCH Compression and Repetition at MAC layer

DTCH and DCCH packets are repeated twice in the uplink.  At the MAC layer, the packets received every 20ms (for DTCH) and 40ms (for DCCH) is repeated twice. The duplicate packets are passed to PHY, configured with a TTI value half of the original, i.e., DTCH packets are configured with 10ms TTI and DCCH packets are configured with 20ms TTI; see Figure 4.   All PHY-specific parameters like rate matching, 1st and 2nd layer interleaver parameters, and so on, are derived from the configured 10ms and 20ms TTI values, according to the legacy specifications in 3GPP TS  25.212.   
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Figure 4: UL DTCH Packet Repetition at MAC Layer

4.2 ILPC Warm-Up Period

Since packet transmissions are separated by DTX periods (in DL) or by repeated packets (in UL), the UE has the opportunity of terminating transmission whenever both the DL packet is decoded, and an ACK message is sent to NodeB, and UE has received an ACK message from NodeB, signaling UL packet has been successfully decoded at NodeB. Once UE terminates transmit and receive circuits, there will be inevitable gaps in ILPC updates for DL transmit power control.  The warm-up period is a period prior to the beginning of the next transmit opportunity for DL, where the UE resumes monitoring DL received SIR based on DL TPC bits sent during warm-up period (see Error! Reference source not found.), and issues DL transmit power control commands through UL TPC bits, sent over UL DPCCH Channel Figure 5 describes the warm-up period timing from the UE perspective.
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Figure 5: Warm Up Period in UL

During the warm-up period, NodeB listens to power control commands issued from UE.  In this period, the power control step sizes used at NodeB could be different than the power control step size that NodeB applies during regular transmission.  This is to allow to the transmit power level to quickly catch up with channel changes during the DTX period.   The power control step sizes for each warm-up slot are specified individually for NodeB.  For example, in the case there are three warm-up slots, a possible set of power control step sizes at NodeB would be (2,2,1), which translates to 2dB up or down power scaling in reaction to UE ILPC power control command in the first and second warm-up slots, and 1dB up or down power scaling in reaction to UE power ILPC power control command in the third and final warm-up slot.   A sequence of power control step sizes during warm-up period is provisioned to allow more granularity to track the channel, while maintaining possibility to take larger steps.

5 Summary of Downlink Physical Layer Design
A key component of the proposed enhancements to 3GPP CS voice is frame early termination, to improve link efficiency and battery life.  In downlink, frame early termination is achieved via a TDM-CDM mode, which compliments the proposed enhancements in uplink to allow early decoding of packet.  
5.1 User pairing and new DL DPCH slot formats

In the downlink, the proposed enhancement seeks to TDM a pair of users on the same channelization code.   This allows for transmitting a packet over a shorter time period, which combined with the uplink, results in significantly shorter active transmission periods, thus, less inter- and intra- cell interference due to concurrent active transmissions.   Figure 6 shows user pairing in DL using new DL DPCH slot formats.   In this proposal, pairs of slot formats are envisioned to DTX one user while the other user performs full transmission, in alternate turns.  
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Figure 6: 

5.2 DL Frame early termination procedure

The proposed enhancement calls for the introduction of signaling an acknowledgement on both DL and UL to allow both Node-B and UE receivers to inform their corresponding transmitters to stop DPDCH transmission, whenever DPDCH is successfully decoded at an early instant. A procedure is needed to determine the circumstances and timing at which this information can also be used to stop transmission of the DPCCH which accompanies this DPDCH transmission.  However, although DPDCH traffic can be terminated as soon as early decoding succeeds, DL DPCCH channel, which is TDM-ed with DL DPDCH, may still be required to provide the control information (TPC and ACK) for the uplink even after DL DPDCH has decoded, since UL DPDCH may not yet have decoded. Similarly, the UL DPCCH, CDM-ed with UL DPDCH on a different OVSF code, may still be required to provide control information (TPC and ACK) for the downlink even after UL DPDCH has decoded, since DL DPDCH may yet to be decoded. The details of how and when the different channels are DTXed and resumed are described in. 
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Figure 7: Downlink Frame Early Termination

In summary, frame early termination relies on signaling ACK on the uplink to terminate DL DPDCH, with carefully designed control channels.  
In this scheme,
· DPDCH is DTXed as soon as ACK is received. ACK transmission is disallowed until the receiver for which the Ack is sent has received the DPDCH for at least 2ms (=3 slots), since early decoding is not feasible before this time.

· Neither UL nor DL DPCCH can be DTXed until both UL and DL DPDCH have decoded. This is because DPCCH assists demodulation of the accompanying DPDCH, as well as provides control information necessary to support the DPDCH/DPCCH transmission on the other link.

· Since DL DPDCH only occupies 10ms, followed by a 10ms period in which DL DPDCH is DTXed, the ACK on the UL FET-DPCCH shall not be sent during the last 2 slots of the 10ms UL DPDCH TTI that is closely aligned to the DL 10ms TTI carrying the DL DPDCH. Similarly, ACK on the UL FET-DPCCH shall not be sent in the subsequent 10ms UL DPCCH TTI, since the subsequent DL 10ms TTI does not carry DPDCH.

· If DPCCH is DTXed, its transmission shall resume 3 slots prior to the start of the next DPDCH transmission, to allow the receiver channel estimation filters to warm up, i.e., recover from the DRX state.

· ACK shall not be sent if the delay in responding to the Ack will disallow application of DPCCH DTX prior to the warm-up period. Note that this applies a further restriction only to Ack sent on DL in response to UL early decoding, since the DL packet ends in 10ms. This restriction is mainly for simplicity. An ACK sent in violation of this restriction could still have value in enabling application of DTX to the UL DPDCH, even though the UL DPCCH cannot be DTXed due to the requirement of warm-up slots. However, in typical operation, UL would have decoded much earlier, and the additional gain from relaxing this restriction is thus expected to be small in relation to the additional complexity introduced.

Figures 3 and 4 show more details of the frame early terminatin procedure and Ack-signaling.The key components of this design are: 

1. A mechanism for the control channel to continue, despite DPDCH termination
2. Appropriate timing of Ack signal

3. Termination of both control and data channels whenever both control and data traffic are completed
4. Introduction of suitable warm-up periods, to compensate for discontinuous transmission of control channels.
5.3 Bundled signaling of logical transport channels presence (DCCH and DTCH)
Frame early termination with multiplexed logical transport channels introduces the challenge of deciding when to terminate transmission.  This is because if one logical channel successfully decodes early, the decoder cannot know whether other transport channels are present or not, to signal ACK and subsequently transmission termination.    

To overcome this issue, this proposal introduces bundled signalling of transport channels, so that for example, an indicator bit bundled with DTCH signals the presence of DCCH.  Using this DCCH indicator bit, whenever DTCH is successfully decoded early, the decoder can decide whether DCCH is absent and an ACK message can be transmitted.     An alternative design could be to allow for individual ACK signals for each transport channel; however, transmitting the Ack message is costly, and a bundled signalling of transport channels allows for one ACK message to signal successful decoding of all channels.  Figure 8 shows bundled signaling of DCCH and DTCH transport channels, using an indicator bit.
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Figure 8: In-band signaling of DCCH presence/absence

5.4 
Transmitting ACK on DL-DPCCH


The ACK message is used by Node-B to inform the UE when the UL DPDCH packet has decoded early, in order to enable UL FET, i.e., early termination of the UL DPDCH transmission by the UE transmitter. In the proposed design, the ACK message is carried on top of DL-DPCCH channel.  This is achieved by using ACK symbols which are I-Q multiplexed with the DL DPCCH TPC symbols, as shown in Figure 9. The ACK is sent with on-off keying, i.e., the ACK symbol is zero to indicate Nack, and non-zero to indicate ACK. The ACK symbol can be sent at a different power than the TPC symbols (the power is usually expected to be much higher). The ACK symbol can only be sent on a predefined set of slots, based on uplink timing. Since the ACK serves to acknowledge successful decoding of packets sent on UL DPDCH, and this cannot happen until the packet has been transmitted for a certain minimum time duration (=2ms), no Ack will be sent during this period. Similarly, the purpose of the ACK is to allow DTX on the uplink, however, if the uplink decoded very close to the end of the UL DPDCH transmission, the delay in reception of the ACK will make it too late to apply any meaningful DTX. So, ACK will also not be sent in such cases. Agreeing on the slots where Ack cannot be sent will allow for avoiding of ACK decoding (thus reducing false-Ack errors) in those slots.
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Figure 9: Transmitting ACK on DL DPCCH for UL FET
5.5 EVS 5.9kbps Codec

To enhanced voice quality and link efficiency, EVS 5.9k  codec is proposed to replace AMR 12.2k codec.   The EVS codec is more efficient in terms of bit rate, while providing higher voice quality.   
5.5.1 EVS Transport Block Sizes

Table 1 lists different transport block sizes used by the EVS 5.9kbps voice codec on the downlink DTCH. Note that these sizes are greater than the corresponding sizes on uplink DTCH by 1, due to appending of the DCCH indicator bit. This bit is unnecessary on the uplink because the uplink relies on TFCI decoding rather than blind transport format detection.

Table 1: Transport block sizes used by EVS 5.9Kbps codec on downlink

	Packet Type
	Size
	CRC

	Transient+dcchIndicator
	161
	16

	ACELP+dcchIndicator
	145
	16

	NELP+dcchIndicator
	57
	16

	SID+dcchIndicator
	35
	16

	NULL+dcchIndicator
	1
	16


6 Modeling of Vocoder packets
Link simulations use a fixed packet type for each simulation, whereas in an actual voice call, the packet types change from TTI to TTI. The relative frequencies of occurrence of the various packets are useful to determine an approximation of the average TxEc/Ior during an actual voice call by averaging the link results for the individual packets. This is an approximation because it does not capture power-control effects arising from the fact that the steady state setpoint when the same packet is transmitted all the time is a function of the packet type, and thus the dynamic variations of the setpoint due to OLPC will be different in the two situations. However, it is still a useful approximation which can be compared against system simulation results. The system simulator needs to model not just the relative frequencies of the packets, but also of the transitions between different packet types. A first or second order Markov model can be used for this purpose, and its parameters can be determined from training data during actual voice calls. Tables 6,7 show the relative frequencies of occurrence of the different packet types for AMR and EVS respectively.
Table 2: Frequency of occurrence of AMR packet types, 1st order Markov Model
	Packet
	Probability

	FULL
	0.5

	SID
	0.0625

	NULL
	0.4375


Table 3: Frequency of occurrence of EVS packet types, 2nd order Markov Model
	Packet
	Probability

	Transient
	0.03

	ACELP
	0.33

	NELP
	0.14

	SID
	0.08

	Null
	0.42


7 Downlink Link Performance Evaluation

7.1 Link Simulation Assumptions for Downlink
The link simulation settings for downlink are shown in Table 1. 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. 
Table 4: Link Level Simulation Parameters for Downlink

	Parameter
	Value

	Physical Channels
	DPCH, P-CPICH, P-CCPCH, PICH, and 16 OCNS codes with OVSF indices and relative powers as in 3GPP TS 25.101 (Rel.11, Table C6).

	Modulation
	QPSK

	DCH traffic type
	AMR12.2K or EVS5.9K voice frames

	DCH transport channels
	DTCH carries a fixed AMR or EVS packet. DCCH (carrying SRBs) is configured but not transmitted.

	(DTCH, DCCH) TTIs
	(10,20)ms for enhanced R99, (20,40) for R99

	DTCH TBS and encoding
	See Table 3

	DCH rate-matching
	Fixed positions, Rate-matching attributes to be specified in each case to determine allocation of DPDCH channel bits between DTCH and DCCH

	Transmit powers for physical channels
	DPCH    : Determined via power control

P-CPICH  : Ec/Ior = -10dB

P-CCPCH : Ec/Ior = -12dB

PICH     : Ec/Ior = -15dB

OCNS    : Total power of all OCNS codes is fixed in each slot = max(0, Ior- ∑c Pc), where Pc = average power of channel c in previous slot. Summation is over all channels except OCNS. Ior is a fixed constant power (eg, 20 Watts), and geometry = Ior/No, where No is the variance of the AWGN. The intent is to maintain an almost constant total transmit power = Ior, however the actual transmit power can slightly differ from Ior due to the 1-slot delay in measuring Pc

	DPCCH/DPDCH power offsets
	Offsets PO1,PO2,PO3 for TPC, TFCI, pilots respectively are all equal, with value 0dB for EVS and 3dB for AMR.

	DPCH slot format
	AMR12.2K: 8 (R99), (17,18) in alternate 10ms (enhanced R99)

EVS5.9K: 2 (R99), (21,22) in alternate 10ms (enhanced R99) [See Table 2]

	DL DPCH ILPC rate
	1500Hz

	DPCH ILPC up-down power step-size
	1dB

	Bit-error rate for up-down commands controlling DPCH transmit power
	4%

	DPCH ILPC feedback delay
	1 slot

	DPCH ILPC gain change boundary within slot
	Start of first DPCCH pilot symbol for slot-formats 8,2; start of DPCCH TPC symbol for slot-formats 17,18

	DPCH ILPC SNR estimation
	Realistic, using Rake, based on P-CPICH and chosen DPCCH symbols (pilots for slot-formats 8,2 and TPC for slot-formats 17,18)

	DPCH maximum and minimum power limits
	ILPC is over-ridden if neccesary so that Ec/Ior for non-DTXed DPDCH symbols is within the range [-40dB, -4dB].

	OLPC BLER target
	1% residual BLER (after all decoding attempts)

	OLPC SIR-target up-step on packet error
	0.5dB

	Number of Rx Antennas
	1

	Channel Encoder
	3GPP Release 6 Convolutional coder, or Turbo Encoder for AMR12.2K full-rate joint turbo-encoding only.

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	Channel estimation for DCH demodulation
	Realistic, based on P-CPICH

	Transport format detection
	Ideal

	Early decode attempts
	Once every slot, starting after receiving the first 2ms (=3 slots) of the packet

	Early decode ack-delay (from the time that NodeB has transmitted enough to allow successful decode, to the time it starts applying DTX to the DPDCH)
	2ms (=3 slots).

	Early termination modeling
	OLPC updates as soon as packet successfully decodes (determined by CRC check), or at the end of the packet. Transmitter does not early terminate DPDCH, but the DPDCH power sent after early decode (accounting for ack-delay) is removed from the average DPCH TxEc/Ior computation. DPCCH power is not removed.

	Early decode Ack miss rate
	0%, 5%,10%

	Early decode false-Ack rate
	0%,0.05%,0.1%

	Propagation Channel
	PA3, PB3, VA30, VA120 (ITU and modified); AWGN

	UE Receiver Type
	Rake (PWC)

	Link Performance Metrics
	a) DPCH TxEc/Ior averaged over entire simulation. The averaging accounts for DTX and DPCCH/DPDCH power offsets.

b) Decoding block error rates at all the decoding attempts.


Table 5: DL DPCH slot format

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	2
	30
	15
	256
	20
	2
	14
	2
	0
	2
	15

	17
	60
	30
	128
	40
	4
	32
	4, last 2 are DTXed
	0
	0
	15

	18
	60
	30
	128
	40
	4 DTX
	32 DTX
	4, last 2 are DTXed
	0
	0
	15

	19
	60
	30
	128
	40
	4
	32
	4, first 2 are DTXed
	0
	2
	15

	20
	60
	30
	128
	40
	4 DTX
	32 DTX
	4, first 2 are DTXed
	0
	0
	15

	8
	60
	30
	128
	40
	6
	32
	2
	0
	4
	15

	21
	120
	60
	64
	80
	12
	64
	4, last 2 are DTXed
	0
	0
	15

	22
	120
	60
	64
	80
	12 DTX
	64 DTX
	4, last 2 are DTXed
	0
	0
	15

	23
	120
	60
	64
	80
	12
	64
	4, first 2 are DTXed
	0
	2
	15

	24
	120
	60
	64
	80
	12 DTX
	64 DTX
	4, first 2 are DTXed
	0
	0
	15


Table 6: Voice packets simulated on DL

	Air interface
	Vocoder
	Packet
	TBS=

Ninfo
	CRC size=Ncrc
	Encoding
	Slot-formats+
	Number of encoded bits punctured by rate-matching=Npunc*
	Rate-matching Attributes++

	R99
	AMR12.2K
	Full-A
	81
	12
	Conv 1/3
	8
	13
	180,175,234,180

	R99
	AMR12.2K
	Full-B
	103
	0
	Conv 1/3
	8
	21
	180,175,234,180

	R99
	AMR12.2K
	Full-C
	60
	0
	Conv 1/3
	8
	-34
	180,175,234,180

	R99
	AMR12.2K
	SID
	39
	12
	Conv 1/3
	8,
	8
	180,175,234,180

	R99
	AMR12.2K
	Null
	0
	12
	Conv 1/3
	8,17
	3
	180,175,234,180

	R99
	EVS5.9K
	Transient
	160
	12
	Conv 1/3
	2,18
	232
	194,230

	R99
	EVS5.9K
	ACELP
	144
	12
	Conv 1/3
	2,18
	212
	194,230

	R99
	EVS5.9K
	NELP
	56
	12
	Conv 1/3
	2,18
	98
	194,230

	R99
	EVS5.9K
	SID
	34
	12
	Conv 1/3
	2,18
	7047
	194,230

	R99
	EVS5.9K
	Null
	0
	12
	Conv 1/3
	2,18
	26
	194,230

	Enhanced
	AMR12.2K
	Full-Joint encoded+CI**
	245
	16
	Conv 1/3
	(21,22)
	-83
	205,180

	Enhanced
	AMR12.2K
	SID+CI
	40
	16
	Conv 1/3
	(21,22)
	-20
	205,180

	Enhanced
	AMR12.2K
	Null+CI
	1
	16
	Conv 1/3
	(21,22)
	-8
	205,180

	Enhanced
	EVS5.9K
	Transient+CI
	161
	16
	Conv 1/3
	(17,18)
	177
	250,230

	Enhanced
	EVS5.9K
	ACELP+CI
	145
	16
	Conv 1/3
	(17,18)
	162
	250,230

	Enhanced
	EVS5.9K
	NELP+CI
	57
	16
	Conv 1/3
	(17,18)
	78
	250,230

	Enhanced
	EVS5.9K
	SID+CI
	35
	16
	Conv 1/3
	(17,18)
	57
	250,230

	Enhanced
	EVS5.9K
	Null+CI
	1
	16
	Conv 1/3
	(17,18)
	24
	250,230


* Negative number indicates repetition. Semicolon separates values used for the different slot formats listed in the corresponding order on the same row

+ Pairs in parentheses indicate slot-formats used in alternate 10ms TTIs.

** CI = control indicator = 1 bit indicating presence or absence of DCCH.

++ Rate matching attributes are listed in the order (DTCH-A, DTCH-B, DTCH-C, DCCH) for R99 AMR, and in the order (DTCH,DCCH) for EVS and for AMR with joint encoding of class A,B,C bits. The calculation of Npunc depends on these attributes.
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Figure 10: Encoding and modulation of voice packets for downlink
7.2 DL Link Results

Table 7: Comparison of AMR 12.2kbps on DPCH and AMR 12.2kbps on DPCH+DL Phy Enhancements, PB3 channel, DL Tx Ec/Ior [dB] averaged across all packets

	Vocoder
	AMR 12.2kbps
	AMR 12.2kbps
	Gain [dB]

	Geometry [dB]
	DPCH
	DPCH+DL Phy Enhancements
	

	0
	-18.46
	-20.10
	1.64

	6
	-22.01
	-23.64
	1.63

	12
	-23.54
	-25.15
	1.61


Table 8: Comparison of AMR 12.2kbps on DPCH and EVS 5.9kbps on DPCH +DL Phy Enhancements, PB3 channel, DLTx Ec/Ior [dB] averaged across all packets
	Vocoder
	AMR 12.2kbps
	EVS 5.9kbps
	Gain [dB]

	Geometry [dB]
	DPCH
	DPCH+DL Phy Enh
	

	0
	-18.46
	-21.73
	3.27

	6
	-22.01
	-25.28
	3.27

	12
	-23.54
	-26.81
	3.27


Table 9: Comparison of AMR 12.2kbps on DPCH and EVS 5.9kbps on DPCH, PB3 channel, DL Tx Ec/Ior [dB] averaged across all packets

	Vocoder
	AMR 12.2kbps
	EVS 5.9kbps
	

	Geometry [dB]
	DPCH
	DPCH
	Gain [dB]

	0
	-18.46
	-19.72
	1.26

	6
	-22.01
	-23.31
	1.3

	12
	-23.54
	-24.84
	1.3


Table 10: Comparison of EVS 5.9kbps on DPCH and EVS 5.9kbps on DPCH + DL Phy Enh, PB3 channel, DL Tx Ec/Ior [dB] averaged across all packets

	Vocoder
	EVS 5.9kbps
	EVS 5.9 kbps
	Gain [dB]

	Geometry [dB]
	DPCH
	DPCH + DL Phy Enh
	

	0
	-19.72
	-21.73
	2.01

	6
	-23.31
	-25.28
	1.97

	12
	-24.84
	-26.81
	1.97
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Figure 11: Downlink FET Early Decode Success Rate
8 UL Link Performance Evaluation

8.1 Link Simulation Assumptions for Uplink
The link simulation settings for uplink are shown in Table 9.

Table 11: Link Level Simulation Parameters for Uplink

	Parameter
	Value

	Physical Channels
	DPCCH, DPDCH

	Modulation
	BPSK

	DCH traffic type
	AMR12.2K or EVS5.9K voice frames

	DCH transport channels
	DTCH carries a fixed AMR or EVS packet. DCCH (carrying SRBs) is configured but not transmitted.

	(DTCH, DCCH) TTIs
	(10,20)ms for enhanced R99, (20,40)ms for R99

	DCH packet repetition factor
	2 (See Figure 7)

	DTCH TBS and spreading factor
	See Table 5

	DCH rate-matching
	Since DCCH is not transmitted, rate-matching punctures or repeats encoded DTCH packet so as to fill up all available DPDCH bits in the TTI

	DPDCH/DPCCH power ratio
	To be specified for each case. Optimized for Rx EbNt, subject to 5% or 10% BER constraint on the DL TPC bits carried on UL DPCCH, and 1% DTCH BLER after 20ms

	DPCCH slot format
	1 (8 pilots, 2 TPC, 0 TFCI bits per slot)

	TFCI transmission and reception
	Transmitted in first 2 slots of TTI on a separate code channel using (20,5) encoding. TFCI decoding is modeled

	UL DPCH ILPC rate
	1500Hz

	ILPC up-down power step-size
	1dB

	Bit-error rate for ILPC up-down commands
	4%

	DPCH ILPC feedback delay
	2 slots

	OLPC BLER target
	5% residual BLER after 10ms

	OLPC SIR-target up-step on packet error
	0.5dB

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Convolutional coder (rate 1/3)

	Channel estimation for DCH demodulation and ILPC SNR estimation
	Realistic, based on DPCCH pilots

	Transport format detection
	TFCI decoding

	Early decode attempts
	Once every 2ms (=3 slots) until end of all TTI repetitions of the packet, starting after receiving the first 10ms of the first TTI.

	Early decode ack-delay (from the time that UE has transmitted enough to allow successful decode, to the time it starts applying DTX to the DPDCH)
	2ms (=3 slots).

	Early termination modeling
	DTX alternate slots of UL DPCCH and DTX the entire UL DPDCH upon receiving ack.

	Early decode Ack miss rate
	0%

	Early decode false-Ack rate
	0%

	Propagation Channel
	PA3, PB3, VA30, VA120 (ITU & modified)

	UE Receiver Type
	Rake (MRC)

	Pilot Interference cancellation
	Off or On [Effect when on to be evaluated in system simulation only]

	Link performance metric
	a) Decoding block error rates at all decoding attempts

b) Average sum Rx Ecp/Nt of DPCCH over entire simulation


Table 12: Voice packets simulated on UL and their spreading factors
	Vocoder
	Packet
	TBS=

Ninfo
	CRC size=Ncrc
	DPDCH Spreading factor

	AMR12.2K
	Full
	244
	12 or 16
	32

	AMR12.2K
	SID
	39
	12 or 16
	128

	AMR12.2K
	Null
	0
	12 or 16
	256

	EVS5.9K
	Transient
	160
	12 or 16
	64

	EVS5.9K
	ACELP
	144
	12 or 16
	64

	EVS5.9K
	NELP
	56
	12 or 16
	128

	EVS5.9K
	SID
	24
	12 or 16
	128

	EVS5.9K
	Null
	0
	12 or 16
	256


Table 13: T/P settings for AMR 12.2kbps and EVS 5.9kbps on DPCH, Target 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

	EVS5.9K
	Transient
	0

	EVS5.9K
	ACELP
	-0.599

	EVS5.9K
	NELP
	-4.437

	EVS5.9K
	SID
	-6.62

	EVS5.9K
	Null
	-11.481


Table 14: T/P settings for AMR 12.2kbps and EVS 5.9kbps on DPCH + UL Phy Enhancements, Target 5% BLER after 10ms
	Vocoder
	Voice Packet Type
	T/P [dB]

	AMR12.2K
	Full
	3.522

	AMR12.2K
	SID
	-3.522

	AMR12.2K
	Null
	-9.542

	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


8.2 UL Link Results
Table 15: Comparison of AMR 12.2kbps on DPCH and AMR 12.2kbps on DPCH+UL Phy Enhancements + UL PIC, Average Rx Ec/Nt [dB] averaged across all packets and channels
	AMR 12.2kbps
	AMR 12.2kbps
	Gain [dB]

	DPCH
	DPCH+UL Phy Enh+ UL PIC
	

	-18.56
	-21.63
	3.07


Table 16: Comparison of AMR 12.2kbps on DPCH and EVS 5.9kbps on DPCH +UL Phy Enhancements + UL PIC, Average Rx Ec/Nt [dB] averaged across all packets and channels
	AMR 12.2kbps
	EVS 5.9kbps
	Gain [dB]

	DPCH
	DPCH+UL Phy Enh+ UL PIC
	

	-18.56
	-22.99
	4.43


Table 17: Comparison of AMR 12.2kbps and EVS 5.9kbps on DPCH, Average Rx Ec/Nt [dB] averaged across all packets and channels
	AMR 12.2kbps
	EVS 5.9kbps
	Gain [dB]

	DPCH
	DPCH
	

	-18.56
	-20.06
	1.5
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Figure 12: Uplink FET Early Decode Success Rate
9 System Performance Evaluation

Table 18: DL System Simulation Assumptions for mix of CS voice on DCH and BE data on HSDPA

	Parameters
	Comments

	Cell Layout
	(1) Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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	Number of UEs/cell
	BE: 10

Voice: Variable

UEs dropped uniformly across the system

	Channel Model
	FURP Channel Model

30% PA3, 30% PB3, 20% VA30, 20% VA120
Fading across all pairs of antennas is completely uncorrelated.

	CPICH Ec/Ior
	-10 dB

	Total Overhead power including C-PICH
	20%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB,
R1b (reporting range constant) = 6 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

-Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER

	CQI
	9 slot CQI delay

CQI estimation noise is Gaussian with mean of 0 dB and variance of 1dB

CQI Decoding at Node-B is ideal.

	Number of H-ARQ processes
	6

	Maximum active set size
	3

	DL Scheduling
	Proportional Fair.


Table 19 : Uplink System Level Parameters

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
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	Channel Model
	30% PA3, 30% PB3, 20% VA30, 20% VA120

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	4 (BE users on E-DCH)
Variable (CS Voice on DCH)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th trans for Rake 

2ms TTI,Max # of trans =4,Target BLER=10% after 1st trans for EQ(*)

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair
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Figure 13: HSDPA Cell Throughput as function of number of CS voice users per cell
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Figure 14: HSUPA Cell Throughput as function of number of CS voice users per cell
10 Conclusions

In this contribution, we have discussed some key technical enhancements to transporting CS voice services on the dedicated channel (DCH). Sufficient motivation was provided for each of these enhancements alongwith the underlying principles.  Both link and system level evaluations were performed on these enhancements. The overall gains due to all the enhancements are significant on both DL and UL. 
In particular, on the DL, a gain of 3.27 dB was observed for the PB3 channel while on the UL again of 4.43 dB was observed for the EVS 5.9kbps vocoder and the physical layer enhancements. These gains translate to 50% improvement in cell data throughput on the downlink and 70% improvement in cell data throughput on the uplink relative to AMR 12.2kbps on the R99 DCH. Furthermore, due to the early termination of the transmissions on both the downlink and uplink (on average transmissions are terminated < 10ms), a significant savings in UE modem current consumption is expected. Based on the evaluation, the gains are compelling enough to warrant a study item on this feature.
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