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1 Introduction
A study item on DCH Enhancements for UMTS was proposed at last RAN plenary [1], In this contribution, the simulation assumption for each of the proposed enhancements are provided. The enhancements are to be compared against baseline R99, for which the simulation assumptions are listed in [2].
2 Simulation Assumptions
2.1 Downlink Enhancements

2.1.1 Pilot-Free DPCCH Slot Formats
The new pilot free DPCCH slot formats are listed in Table 1.  
The slot formats 17-24 are used in pairs corresponding to the TDM of two users over a 20ms period. Figure 1 illustrates the slot formats for a pair of AMR5.9k users.  Only one user of a pair of TDM users is evaluated in the link simulations.  Slot formats 17 and 18 are to be used for the AMR 5.9K codec, and slot formats 21 and 22 are to be used for the AMR 12.2K codec. The DPCCH/DPDCH power offsets used are the same as those in the baseline assumptions as described in [2]. The TTI reduction causes higher setpoints for each UE, although average power spent by NodeB does not increase since the number of UEs to which simultaneous transmission is required is halved. Hence, the maximum TxEcIor setting for use with these slot formats can be appropriately increased compared to that used for R99 DCH as listed in [2].
Table 1: New DL DPCH slot formats

	Vocoder
	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
	

	AMR 5.9K
	17
	60
	30
	128
	40
	4
	32
	4, last 2 are DTXed
	0
	0
	15

	AMR 5.9K
	18
	60
	30
	128
	40
	4 DTX
	32 DTX
	4, last 2 are DTXed
	0
	0
	15

	AMR 5.9K
	19
	60
	30
	128
	40
	4
	32
	4, first 2 are DTXed
	0
	0
	15

	AMR 5.9K
	20
	60
	30
	128
	40
	4 DTX
	32 DTX
	4, first 2 are DTXed
	0
	0
	15

	AMR 12.2K
	21
	120
	60
	64
	80
	12
	64
	4, last 2 are DTXed
	0
	0
	15

	AMR 12.2K
	22
	120
	60
	64
	80
	12

DTX
	64 DTX
	4, last 2 are DTXed
	0
	0
	15

	AMR 12.2K
	23
	120
	60
	64
	80
	12
	64
	4, first 2 are DTXed
	0
	0
	15

	AMR 12.2K
	24
	120
	60
	64
	80
	12 DTX
	64 DTX
	4, first 2 are DTXed
	0
	0
	15
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Figure 1: Slot Formats used with TDM of two users – AMR5.9K
2.1.2 DPDCH Frame Early Termination (FET)
Frame Early Termination (FET) is an enhancement in which the receiver attempts early decoding of the packet, i.e., decoding prior to complete reception of the packet. An ACK feedback mechanism informs the transmitter of successful early decoding, and the transmission is terminated upon reception of the ACK. Since the false CRC-pass rate increases due to increase in the number of early decoding attempts, a 16 bit CRC is used for error detection (using the 16 bit CRC polynomial defined in 3GPP TS 25.212).  DL FET parameters are listed in Table 2.
Table 2: DL FET Parameters
	Parameter
	Value

	Channel Encoding
	Joint coding for AMR Class A,B,C bits

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

	Early termination modelling
	DTX entire-DL-DPCCH and DL-DPDCH upon receiving ack, except for warm up period where only DL DPCCH is transmitted

	Number of warm up slots for DPCCH
	0,1

	CRC Size
	16, 12 (optional)


The ACK feedback timeline is shown in Figure 2.   
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Figure 2: DL FET
The OLPC operation is modified to account for successful early decoding attempts in FET.  A successful early decoding event results in a reduction of the SIR target. The receiver does not attempt any further decode attempts once the frame has successfully decoded. The SIR target is increased if the packet fails in all decoding attempts, including early decoding instances and final decoding after the entire packet has been observed.  

During warm up slots, only DPCCH is transmitted to assist ILPC with tracking the channel, if necessary.
2.1.2.1 Modeling of ACK sent on UL for DL FET

Ideal ACK decoding is assumed for simplicity.  A 2 slot delay is assumed for ACK message. The parameters pertaining to the ACK modeling are shown in Table 3.
Table 3: ACK channel modelling in DL
	Parameter
	Value

	Early decode ack-delay —See Figure 2.
	2 slots

	Early decode Ack miss rate
	0%

	Early decode false-Ack rate
	0%


2.1.3 Channel Coding and Rate Matching Enhancements
The rate matching parameters to be used with the new slot formats are specified in Table 4.  Figure 3 shows DL bit pipeline and defines the parameters specified in Table 4. A single transport channel is used to carry all DTCH packets. This ensures that all bits are protected by CRC, as opposed to the current scheme where the Full voice packet is subdivided into separately encoded packets, some of which are not protected by the CRC. Using the current scheme would result in higher BER for the bits that are not protected by CRC if the packet is terminated when the bits that are protected by CRC are early decoded.
Table 4: DTCH rate matching parameters

	Vocoder
	Transport block
	TBS=

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

	AMR12.2K
	Full-joint A,B,C+CI**
	245
	16
	Conv 1/3
	21,22
	-83
	205,180

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

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

	AMR5.9K
	Full-joint A,B+CI
	119
	16
	Conv 1/3
	17,18
	99
	218,230

	AMR5.9K
	SID+CI
	40
	16
	Conv 1/3
	17,18
	45
	218,230

	AMR5.9K
	Null+CI
	1
	16
	Conv 1/3
	17,18
	18
	218,230


* Negative number indicates repetition. Definition of Npunc is illustrated in Figure 3, and its value depends on the rate-matching attributes.
+ A pair of  slot-formats indicates slot-formats used in alternate 10ms TTIs.

** CI = control indicator = 1 bit indicating presence or absence of DCCH; so that UE, on successful early decoding of DTCH, requests NodeB to early-terminate DPDCH if and only if DCCH is absent.
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Figure 3: Encoding and modulation of voice transport blocks for downlink, showing number of bits at each stage
2.2 Uplink Enhancements

2.2.1 DPDCH Frame Early Termination (FET)
UL FET is similar to DL FET in principle; upon early decoding of data transport channel, an ACK message is sent to terminate UL transmission.  Since false CRC pass rate increases by increasing the number of early decoding attempts, 16 bit CRC is used for error detection. The UL FET parameters are listed in Table 6.
Table 6: UL FET Parameters
	Parameter
	Value

	Channel Encoding
	Joint coding for Class A,B,C bits in AMR full packet

	Early decode attempts
	Once every slot 

	Early termination modelling
	DTX entire UL-DPCCH and UL-DPDCH upon receiving ack, except during warmup periods where only UL-DPCCH is sent.

	Warm up period (slots)
	0,1


The ACK feedback timeline for UL FET is shown in Figure 6.   
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Figure 6: UL FET
Warm up slots in UL DPCCH are provisioned to enhance channel tracking in presence of FET.  REF _Ref328571039 \h 

In the UL, the OLPC is modified to assist FET by targeting to achieve a certain BLER value at a particular FET attempt.  The BLER value is chosen such that the overall final BLER after all decoding attempts is less than or equal to desired block error rate for the voice traffic, and the slot at which BLER target is enforced may be an earlier slot in the TTI.  This is shown in Figure 7 REF _Ref348605114 \h 
, where the parameter OLPC_TARGET_SLOT specifies the location within the entire transport block (combined repeated transport blocks) at which OLPC targets a specified BLER.  The values of OLPC_TARGET_SLOT and BLER in this study are TBD.  OLPC updates the SIR target at the NodeB whenever a successful decoding attempt occurs for any transport channel (a CRC pass), or if decoding fails (no CRC pass) in all decoding attempts up to, and including, the decoding attempt happening at OLPC_TARGET_SLOT.   
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Figure 7: OLPC and Multiple Decoding Attempts  

The details of the OLPC operation are shown in Table 7.
Table 7: OLPC Operation
	Decoding Attempt A
	Decoding Attempt B
	Decoding Attempt C
	OLPC SIR Update

	CRC Pass
	Not tried 
	Not tried
	Update as a CRC Pass – immediately after A

	CRC Fail
	CRC Pass
	Not tried
	Update as a CRC Pass – immediately after B

	CRC Fail
	CRC Fail
	CRC Pass
	Update as a CRC Fail – immediately after B

	CRC Fail
	CRC Fail
	CRC Fail
	Update as a CRC Fail – immediately after B


2.2.1.1 Downlink ACK Modeling for UL FET
The ACK channel for UL FET is assumed to be ideal for the purpose of this study for the sake of simplicity.  A 2ms delay for ACK message is assumed. The parameters pertaining to the ACK modeling are shown in Table 8 .
Table 8: ACK channel modelling in UL
	Parameter
	Value

	Early decode ack-delay.  See Figure 6. 
	2 slots 


	Early decode Ack miss rate
	0%

	Early decode false-Ack rate
	0%


2.2.2 Uplink DTCH / DCCH Compression and Repetition
In the uplink, the compression and repetition of the DTCH/DTCH allows for more efficient FET operation. This is achieved by configuring the DTCH channel with 10ms TTI, along with a repetition at the MAC layer. Figure 8 shows the UL compression using 10ms TTI and transport block retransmission at MAC layer.  
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Figure 8: Transport block repetition at MAC Layer in UL
2.2.3 Beta Gain Factors T/P Optimization
The beta gain factors in dB along with spreading factors used in UL are listed in Table 9 for the different TFCs. Optimization of the beta gain factors has been performed while taking into account the Uplink DTCH / DCCH Compression and Repetition as described in Section 2.2.2.
Table 9:  Voice transport blocks simulated on UL and corresponding spreading factors

	Vocoder
	Transport block
	TBS=

Ninfo
	CRC size=Ncrc
	DPDCH Spreading factor
	DPDCH/DPCCH beta gain factors(dB)

	AMR12.2K
	Full
	244
	16
	32
	2.2789

	AMR12.2K
	SID
	39
	16
	128
	-5.1055

	AMR5.9K
	Full
	118
	16
	64
	-0.9151

	AMR5.9K
	SID
	39
	16
	128
	-5.1055


* For Null transport block, DPDCH is entirely DTXed, and decoding is based on TFCI information.
2.2.4  FET-DPCCH
The FET-DPCCH is an uplink channel that carries the UL TFCI, and the ACK information for DL FET. The first 2 slots of FET-DPCCH are allocated to TFCI information, which is encoded using the mechanism in use for CQI encoding in HS-DPCCH channel based on (20,5) Reed Muller codes. The ACK information can be sent in subsequent slots as shown in Figure 9 and is encoded in the same way as the HARQ-ACK in the HS-DPCCH channel. TFCI information is sent at the beginning to allow NodeB to decode UL transport block format earlier.

 REF _Ref348682659 \h 
Tables 10 and 11 list other parameters pertaining to the FET-DPCCH channel.

Table 10: TFCI Control Channel Slot Format
	Slot Format
	Channel Bit Rate
	Channel Symbol Rate
	SF
	Bits/Slot

	0
	15
	15
	256
	10


Table 11: TFCI Control Channel Parameters

	Parameter
	Value

	TFCI encoding
	(20,5) Reed Muller Code

	Multiplexing
	Sent using a new channelization code on the UL

	Transmission
	Transmitted over the first 2 slots of every 20ms TTI

	Power offset w.r.t pilot
	0dB
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Figure 9: TFCI Control channel carrying TFCI and ACK information on UL.  
3 Performance Metrics

Table 12 shows the metrics to be evaluated for each simulation, in order to judge the merits of the proposed enhancements. Note that these metrics include all the metrics described in the assumptions for baseline R99 evaluation as described in [2], so as to allow comparison against the baseline, as well as additional metrics to quantify FET performance and gating statistics. For the proposed uplink enhancement that involves a new UL TFCI and Ack channel design, Table 13 shows the metrics to be evaluated to capture the link performance of the new channel.
Table 12: Performance Metrics 
	Metric
	Definition
	Link
	Unit/Scaling

	DPCH Tx Ec/Ior per TFC
	Average power spent on DPDCH and DPCCH, combined, for each TFC, relative to total transmit Ior.  The averaging is performed over the entire simulation duration, including all DTX and turned-off (gated) periods.
OCNS power profile is used to maintain a total Ior of 1.  
	DL
	dB

	Average DPCH Tx Ec/Ior
	Average power spent on combined DPDCH and DPCCH relative to total transmit Ior, averaged across all TFCs according to their respective frequencies.  
	DL
	dB

	Received Ecp/No per TFC
	Average received Ecp/No for DPCCH per TFC, where averaging includes DTX and turned off (gated) periods.
	UL
	dB

	Received Ec/No per TFC
	Average received Ec/No for DPCH, including DPCCH+DPDCH+FET-DPCCH per TFC, where averaging includes DTX and turned off (gated) periods, for each TFC.

	UL
	dB

	Average Ec/No
	Total average received Ec/No for DPCH, including DPCCH+DPDCH+FET-DPCCH, where averaging includes DTX and turned off (gated) periods, averaged across all TFCs. A 2dB power offset is assumed for the FET-DPCCH channel.
	UL
	dB

	Total BLER
	Block error rates for all early decoding attempts for DPDCH averaged across all TFCs, according to TFC frequencies.
	DL/UL
	Percentage

	FET decoding BLER statistics
	Residual BLER at early decoding attempts, defined as total number of simulated transport blocks that resulted in a failed CRC check in each early decoding attempt, divided by the total of number of simulated transport blocks.
	DL/UL
	Percentage

	UE transceiver gating statistics
	Average amount of time UE transmitter is gated.
	UL
	Percentage

	TPC error rate
	TPC decoding bit error rate
	DL/UL
	Percentage


Table13: FET-DPCCH channel Metrics
	Metric
	Definition
	Link
	Unit/Scaling

	TFCI decoding error rate
	TFCI decoding error rate on FET-DPCCH channel
	UL
	Percentage

	ACK missed detection
	Rate of missed detection for the ACK message
	UL
	Percentage

	ACK false alarm
	Rate of false alarm for the ACK message
	UL
	Percentage


4 Conclusions

In this contribution, we have provided the downlink and uplink link and system level simulation assumptions for the DCH enhancements to be studies as part of the SI on DCH enhancements. These assumptions should be used in conjunction with the link and system simulation assumptions described in [2]. 
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