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1
Introduction

SIR Target Reduction and DPCCH gating are two of the main proposals put forth to meet the objectives of the Continuous Packet Connectivity (CPC) work item [1]. While both SIR Target Reduction and DPCCH gating clearly meet the desired objectives, SIR Target Reduction is a considerably less complex solution and requires only moderate additions compared to the existing Release 6 specification. Results on the benefits of SIR Target Reduction in terms of supporting an increased number of inactive users are available in [1], but no results have been provided that quantify improvements to UL VoIP capacity, which is one of the objectives of the CPC work item. 

This document presents detailed UL VoIP system level capacity comparisons between the SIR Target Reduction method and the DPCCH gating method; in addition a comparison to a VoIP-optimized Release 6 solution is provided. The results indicate that the SIR Target Reduction method with a reasonable SIR target reduction factor provides approximately 20%/40% gain in VoIP capacity compared to an VoIP-optimized Release 6 solution for the 10ms/2ms TTI, respectively. The DPCCH gating only adds an additional 3%/6% gain over SIR Target Reduction for the 10ms/2ms TTI, respectively. Balancing the increased complexity with the modest additional gain offered by DPCCH gating, it is recommended that the SIR Target Reduction be included as a Release 7 feature to meet the objectives of the CPC work item. 
2
Assumptions for Rel’6 E-DCH VoIP and Rel’7 CPC Methods

2.1 Optimization of E-DCH VoIP in Release 6

When evaluating the gains of CPC methods such as DPCCH gating or SIR Target Reduction, it is important to compare the gains that are realized compared to an optimized Release 6 system. When optimizing the UL VoIP capacity for E-DCH in Release 6, which contains a continuous DPCCH transmission with a stable SIR target, it is crucial to optimize the E-DPDCH traffic-to-pilot ratio (TPR), where TPR =  _ed/_c ratio. The optimum value depends on the activity level of the E-DPDCH, which is affected by both voice activity factor (VAF) as well as HARQ early termination. Annex A describes the optimization process along with the details of our link level simulation, and finally provides the optimum TPR values for the ITU Vehicular-A 3km/hr channel. Table 1 summarizes the assumed power offsets for both data and control channels used in our Release 6 VoIP simulations. Note that for Release 6 we use a 10ms CQI feedback cycle and choose to use CQI repetition to gain time diversity.

	Data/Control Channel Settings for Release 6 VoIP
	10ms TTI
	2ms TTI

	Average UL DPCCH Ec/Nt
	-27.7 dB
	-26.7 dB

	_ed/_c  (E-DPDCH)
	34/15
	47/15

	_ec/_c  (E-DPCCH)
	6/15
	12/15

	_hs/_c CQI (HS-DPCCH CQI)

Assumes 10ms CQI feedback cycle with N_cqi_transmit = 5
	9/15
	8/15

	_hs/_c ACK,NACK (HS-DPCCH ACK, NACK)
	30/15
	30/15

	Average Number of HARQ Transmissions

(OLPC used to target 1% BLER post-HARQ)
	1.3
	2.4


Table 1: Data and control channel gain settings for VoIP traffic in Release 6, for the ITU Vehicular-A 3 km/hr channel.

2.2 Assumptions on Proposed Rel’7 CPC Methods

2.2.1 Application of CPC Methods for VoIP

As described in [1] and illustrated in Figure 1, both the SIR Target Reduction method and DPCCH gating can be applied to enhance VoIP capacity.
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Figure 1: Application of (a) SIR Target Reduction method and (b) DPCCH gating to VoIP. Both make use of known activity pattern within a talk spurt and during inactivity.

We make the following assumptions on applying the proposed Rel’7 CPC methods for the 10ms and 2ms TTI:

· For the 10ms TTI, the CPC methods (gating and SIR target reduction) are applied only between talk spurts, not during a talk spurt. This is due to the fact that with a maximum of 2 HARQ transmissions and a 20ms voice frame arrival rate, all TTIs are potentially occupied with a transmission on the E-DPDCH during a talk spurt.

· For the 2ms TTI, gating and SIR target reduction are applied both between talk spurts and during talk spurts, where the activity pattern during a talk spurt is also known in advance (i.e., through HARQ process restriction).

· Between talk spurts, CPC methods are used to reduce the DPCCH transmit power, but normal DPCCH transmission takes place on each SID frame transmission (every 160ms) and on each HS-DPCCH transmission. The CQI feedback cycle on the HS-DPCCH is assumed to be 10ms, and N_cqi_transmit = 1 so as to increase the applicability of the CPC methods.

· The CQI reporting cycle is switched from 10ms to 160ms during talk bursts on the reverse link (i.e. it is assumed that the other party is listening and not talking in the forward link via HSDPA). For VoIP, it is not recommended to fully shut off CQI reporting during periods of forward link inactivity for the following reasons:

· downlink SID frame transmission is still required 

· CQI can aid the F-DPCH power control

· Tracking the channel via CQI is useful in preparing for the start of a talk burst in the forward link

· In all cases we assume that the UL DPCCH is operated with DPC_MODE = 1, which effectively reduces the rate of inner loop power control from 1500 Hz to 500 Hz, but improves TPC decoding performance (~5 dB gain). Note that the TPC bits on the UL DPCCH are simply used to power control the F-DPCH, which itself is used to power control the UL DPCCH. Given the use of HARQ on the uplink, with capitalizes on increased variance of UL SINR with early termination, the reduced power control rate is not seen to be cause for concern. Note that in addition, CQI can be used assist in power control of F-DPCH.

· We not assumed the use of a few slots of power control preamble for DPCCH gating, nor have we assumed that the SIR target is increased a few slots prior to transmission of the E-DPDCH or HS-DPCCH on the uplink. Therefore the actual gains of these CPC methods will be slightly reduced compared to the results generated here.

Given these assumptions for CPC operation, we can compute the percentage of the time that we will have regular DPCCH transmission. We assume that uplink voice packets together with SID frames are transmitted 50% of the time. Now as for the HS-DPCCH, we assumed on average that 1.5 HARQ transmissions are used for each speech frame by HSDPA on the downlink (from separate HSDPA system simulations), and hence the ACK/NACK net activity factor is (50% VAF) * 1.5 transmissions * 0.667ms / 20ms = 2.5%. The CQI is transmitted on the HS-DPCCH for two slots every 10ms during downlink activity and once every 160ms during downlink inactivity; however during downlink inactivity, we assume to have uplink activity in which the regular DPCCH is already being transmitted, therefore we only need to account for the required regular DPCCH transmissions during downlink inactivity, which we assume occurs 50% of the time, giving a net activity factor for CQI of 0.5*(2*0.667ms/10ms) = 6.7%. 

For the 10ms TTI, we apply regular DPCCH transmission during all uplink talk spurts and SID frames, which we assume occurs 50% of the time. Therefore this means that we have regular DPCCH transmission 50% (uplink talk spurt+SID) + 2.5% (ACK/NACK) + 6.7% (CQI) ~= 60% of the time; hence the CPC methods are applied 40% of the time.

For the 2ms TTI, we apply CPC methods both during uplink talk spurts and inactive periods. During uplink talk spurts and SID frames, we provision for a maximum of 4 HARQ transmissions, which gives a worst case activity factor of 4*2ms/20ms = 40%. As we assume the uplink talk spurts plus SID frames occur 50% of the time, this means that during uplink talk spurts plus SID frames we have only 0.5*0.4 = 20% activity for regular DPCCH. Now adding in the regular DPCCH transmissions needed for ACK/NACK and CQI, we get a total of 20% (uplink talk spurt+SID) + 2.5% (ACK/NACK) + 6.7% (CQI) ~= 30%; hence the CPC methods are applied 70% of the time.


Table 2 summarizes the percent of the time regular DPCCH transmission is required when applying CPC methods for VoIP.

	% of the time for regular DPCCH
	10ms TTI
	2ms TTI

	Uplink Talk Spurt + SID frames
	50%
	20%

	HS-DPCCH ACK/NACK
	2.5%
	2.5%

	HS-DPCCH CQI
	6.7%
	6.7%

	Total
	60%
	30%


Table 2: Percent of the time that regular DPCCH transmission is required while using CPC methods for VoIP.

2.2.2 TPR Optimization when using CPC Methods for VoIP

For the CPC methods such as SIR Target Reduction and DPCCH gating, the TPR optimization problem changes. Given that the DPCCH transmissions will either be gated or reduced to the minimum sustainable operating levels during periods of inactivity on the E-DPDCH and HS-DPCCH, we can go ahead and design the traffic channel power offsets assuming the DPCCH will be transmitted at the optimum level during traffic activity.  As the gating for the 2ms TTI is applied only when there is a possible transmission on the E-DPDCH, the optimum power offset is chosen from Figure A.2 using the Full TTI activity curve; hence an E-DPDCH power offset of 4.8 dB is chosen, for which we obtain the closest quantized _ed/_c  = 27/15.

Now for the 10ms TTI, since we are applying the CPC methods in between talk spurts, we do not need to worry about the voice activity factor contribution in the E-DPDCH power offset optimization. However, as the CPC methods are not applied during a talk spurt, we still need to account for the activity level induced by HARQ early termination. Therefore we use the pink curve in Figure 1 (TTI Activity with VAF=1.0), and choose an E-DPDCH power offset of 6 dB, for which the closest quantized _ed/_c  = 30/15. 

Table 3 gives the data and control channel settings used for evaluating the performance of CPC methods. Note the increased UL DPCCH Ec/Nt during normal operation compared to the optimized settings for Release 6 given in Table 1 (especially for the 2ms TTI); the resulting improvement in the performance of UL power control results in a higher average number of HARQ transmissions. Also note that we do not use CQI repetition as in the Release 6 assumptions, as we would like to maximize the use of CPC methods. This however does mean that we give up the time diversity benefits of CQI repetition; i.e., the required Ec/Nt for HS-DPCCH CQI will be higher than the 7 dB offered by the factor of 5 repetition).

	Data/Control Channel Settings for Rel’7 VoIP with CPC
	10ms TTI
	2ms TTI

	Average UL DPCCH Ec/Nt during normal UL DPCCH transmission
	-27.1 dB
	-23.6 dB

	_ed/_c  (E-DPDCH)
	30/15
	27/15

	_ec/_c  (E-DPCCH)
	6/15
	8/15

	_hs/_c CQI (HS-DPCCH CQI)

Assumes 10ms CQI feedback cycle with N_cqi_transmit = 1
	19/15
	12/15

	_hs/_c ACK,NACK (HS-DPCCH ACK, NACK)
	30/15
	24/15

	Average Number of HARQ Transmissions

(OLPC used to target 1% BLER post-HARQ)
	1.4
	2.9


Table 3: Data and control channel gain settings for VoIP traffic assuming CPC methods in Release 7, with an ITU Vehicular-A 3km/hr channel.

3
System Simulation Assumptions

3.1 Network Simulation Parameters

	Parameter
	

	UMTS BS Nominal TX Power [dBm]
	43

	P-CPICH Tx Power [dBm]
	33

	UMTS UE TX Power Class [dBm]
	21

	BS Antenna Gain [dBi]
	17.1

	Shadowing Standard Deviation [dB]
	8

	Path Loss Model: COST 231
	-136+35.22*log10(d), d in km

	Shadow Site to site Correlation
	50%

	Other Losses [dB]
	5

	UMTS BS Antenna pattern
	TR 25.896 v6.0.0 A.3.1.1

	Propagation Channel
	ITU Vehicular-A 3 km/hr

	Ec/Io Admission Threshold
	-17 dB

	RSCP Admission Threshold
	-115 dBm

	Number of Node Bs/Number of cells
	12 Node Bs/36 cells 

	Cell layout
	3-Cell Clover-Leaf

	Inter-site Distance [m]
	2500

	Frequency
	1990 MHz


3.2 Traffic Assumptions
	Parameter
	

	Vocoder


	AMR 7.95

Markov Process with 50% activity (transition probability = 0.01)

	VoIP Packet Overheads
	1 byte RLC UM header

4 bytes ROHC header



	ROHC dynamics
	Resynchronization ignored

	RTCP
	Not modeled

	SIP
	Not modeled

	SID Frames
	Not transmitted, compensated for with voice activity factor

	RTP layer aggregation
	none

	MAC-e PDU Size
	239 bits (10ms TTI), 238 bits (2ms TTI)

	SRB modeled
	No


3.3 Other Assumptions
	Parameter
	

	UMTS Time Modelled [s]
	60

	Training Time [s]
	5

	Receiver Type
	2 antenna diversity reception, MRC combining

	Mobility Model
	Static UE locations

	E-DCH Scheduling
	Non-scheduled transmission

	E-DCH max number of HARQ transmissions
	2 Tx for 10ms TTI

4 Tx for 2ms TTI

	E-DCH QoS
	Target 1% BLER post-HARQ

	E-DPCCH decoding errors taken into account
	Yes.

	HS-DPCCH modeled for E-DCH simulation
	Yes.

10ms CQI feeback cycle, N_cqi_transmit = 5 for Rel’6, N_cqi_transmit = 1 for CPC methods

	E-DCH VoIP Capacity Criteria
	RoT measured over a slot does not exceed 7 dB more than 1% of the time

&

no more than 2% of the users have more than 2% post-HARQ BLER




4 Simulation Results

Table 3 presents the results of the system simulation for both the 10ms and 2ms TTI. Note that for this set of simulation assumptions, the CS voice capacity is 70 Erlangs. We see from the results that an optimized Release 6 system provides VoIP capacity comparable to that achieved by CS voice, which by itself is an accomplishment given the ~50% increase in the packet size for VoIP compared to CS voice (due to RTP framing, RoHC, RLC-UM, and MAC-e header overheads) as well as the addition of control channels such as E-DPCCH and HS-DPCCH (note however that the air interface delay has been increased compared to CS voice).

	Capacity (Erlangs)
	10ms TTI
	2ms TTI

	Rel'6 (with TPR Optimization)
	71
	68

	Rel'7 CPC: 6 dB SIR Target Reduction
	82
	80

	Rel'7 CPC: 9 dB SIR Target Reduction
	84
	89

	Rel'7 CPC: 12 dB SIR Target Reduction
	85
	93

	Rel'7 CPC: DPCCH Gating
	87
	99


[image: image3.emf]-23

-22

-21

-20

-19

-18

-17

-16

0 2 4 6 8 10 12 14

E-DPDCH Power Offset (dB)

Avg Total Rx Ec/Nt (dB)

Avg Total Rx Ec/Nt (dB) Full Activity

Avg Rx Total Ec/Nt (dB) TTI Activity (VAF=0.5)

Table 3: E-DCH VoIP Capacity in Erlangs. In all cases the RoT constraint was the factor determining uplink capacity. Assuming DPC_MODE = 1, a 9 dB SIR target reduction is appropriate for the 10ms TTI, and a 12 dB SIR target reduction is appropriate for the 2ms TTI (according to the F-DPCH performance results in [1])

Figure 2: Capacity comparison for Rel’6 E-DCH VoIP compared to SIR Target Reduction and DPCCH gating. Appropriate SIR Target reductions were used to sufficient performance of TPC decoding on the UL DPCCH in line with the performance results in [1]. Note that both SIR Target Reduction and DPCCH gating allow for E-DCH VoIP capacity to exceed CS  voice capacity in Rel’7, where as Rel’6 was only able to match CS voice capacity.

Conclusions for the 10ms TTI:

· For SIR Target Reduction, we focus on the 9 dB target reduction given that we have assumed DPC_MODE = 1 which provides ~5 dB gain for TPC decoding, and considering the regular DPCCH Ec/Nt operating points given in Table 3.  Note that the resulting DPCCH operating SINR is reasonable given the F-DPCH performance results in [1, Section 4.3.2.1.2]. Note that the 12 dB target reduction would result it too aggressive a setting for the DPCCH operating SINR according to the results in [1].

· SIR Target Reduction and DPCCH Gating show notable improvement (18% and 23%, respectively) over a VoIP-optimized E-DCH Rel’6 solution.

· DPCCH gating provides only 3.5% gain over the SIR Target Reduction (note that even with a more conservative 6 dB SIR target reduction, the gain of DPCCH gating is still only 6%)
While there are results in [1] whereby aggregation of 2 speech frames is considered for the 10ms TTI so that there is an increased use of CPC methods, we do not believe that 2 frame aggregation and the use of HARQ for the 10ms TTI is realistic from an end-to-end delay budget point of view (E2E one-way delay should be less than 260ms-285ms). The maximum air interface delay for 2 HARQ transmissions with the 10ms TTI is already 50ms, then there is a 10ms queuing delay for every other voice packet, and finally we would be adding an additional 20ms for bundling two speech frames, resulting in a total delay of 80ms. We have limited our analysis to consider delays on the reverse link of at most 50ms – 60ms, as a larger portion of the delay budget needs to be given to the downlink HSDPA air interface (80ms – 90ms). Further, using 2 frame aggregation and targeting 2 HARQ transmissions results in a high targeted rate (~20kbps for AMR 7.95, ~30kbps for AMR 12.2), which may cause link budget/coverage issues  when deploying VoIP as a replacement for CS voice in existing cell sites which were designed only for CS voice coverage. 

Conclusions for the 2ms TTI:

· For SIR Target Reduction, we focus on the 12 dB target reduction given the normal DPCCH Ec/Nt operating point given in Table 3 and the F-DPCH performance results in [1]. 

· SIR Target Reduction provides a significant 37% gain over a VoIP-optimized Rel’6 solution.

· DPCCH gating shows a 46% gain over a VoIP-optimized Rel’6 solution

· DPCCH gating provides only 6.5% gain over SIR Target Reduction (note that even with a more conservative 9 dB SIR target reduction, the additional gain of DPCCH gating is still only 11%)
5
Conclusions

· For the simulation assumptions considered, SIR Target Reduction provides roughly 18% improvement in UL VoIP capacity compared to a VoIP-optimized Release 6 solution for the mandatory 10ms TTI for E-DCH. DPCCH gating offers an additional 3.5% gain in UL VoIP capacity.

· For the simulation assumptions considered, SIR Target Reduction provides roughly 37% improvement in UL VoIP capacity compared to a VoIP-optimized Release 6 solution for the optional 2ms TTI for E-DCH. DPCCH gating offers an additional 6.5% gain in UL VoIP capacity.

· Balancing the increased complexity with the modest additional gain offered by DPCCH gating, it is recommended that the simpler SIR Target Reduction method be chosen as a Release 7 feature to meet the objectives of the CPC work item. 
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Annex A:  TPR Optimization Based on Traffic Channel Activity Factor

In order to minimize the average required total Ec/Nt, we must take into account the activity level of the various channels required to support E-DCH. Ignoring the E-DPCCH and HS-DPCCH for the moment, the average total Ec/Nt from a user is computed using the E-DPDCH activity factor (EAF), which is the fraction of the time transmission takes place on the E-DPDCH:

Average_Total_Ec/Nt = DPCCH_Ec/Nt * (1-EAF)  +   DPCCH_Ec/Nt * (1 + TPR) * EAF           (1)

In equation (1), the DPCCH is transmitted all the time in Release 6, where as the E-DPDCH and

is transmitted only when there is voice traffic, and only in specific TTIs according to the targeted number of HARQ transmissions. Given a 50% voice activity factor and assuming a 10ms TTI with an average of 1.5 HARQ transmissions, the EAF is given by 

EAF = (10ms TTI / 20ms voice frame arrival)*(VAF of 50%)*(1.5 HARQ transmissions) = 37.5%     (2)

In the case of a 2ms TTI with an average of 2.5 HARQ transmissions, we have 

EAF = (2ms TTI / 20ms voice frame arrival)*(VAF of 50%)*(2.5 HARQ transmissions) = 12.5%      (3)
The low EAF must be taken into account when choosing an optimal TPR in order to minimize the average total Ec/Nt. Note also that the TPR itself alters the average number of HARQ transmissions, hence affecting the EAF. In our link simulations we swept through a range of TPR settings and assumed the parameters in table 1. Note that we assume VoIP carrying AMR 7.95kbps. Figures 1 and 2 illustrate the optimal TPRs for the 10ms and 2ms TTI for the Vehicular-A 3 km/hr path profile. The Full Activity curve corresponds to a link simulation assuming a full buffer traffic model (as a soon a packet terminates, another one is always ready for transmission, and hence every TTI has a packet transmission). The TTI Activity curve accounts for the actual activity factor on the E-DPDCH, which is affected by both the voice activity factor (VAF) as well as the HARQ early termination. Note in Figure A.1 that even for a VAF of 1.0, the HARQ early termination results in reduced activity factor on the E-DPDCH, resulting in a higher optimum TPR. We choose our TPR settings based on an assumed VAF of 50%. Table 1 in Section 2.1 summarizes the assumed power offsets for both data and control channels used in our Release 6 VoIP simulations. 

	Link Simulation Parameters

	Closest MAC-e PDU size
	239 bits for 10ms TTI
	238 bits for 2ms TTI

	Max num HARQ transmissions*
	2 Tx for 10ms TTI
	4 Tx for 2ms TTI

	OLPC
	Target 1% BLER post-HARQ

	E-DPCCH power offset and decoding
	_ec Chosen for each E-DPDCH power offset to yield ~10% error rate on the first transmission, hybrid combining used across retransmissions

	Fading channel profile
	ITU Vehicular-A, 3 km/hr

	Channel Estimation
	Non-ideal, MMSE based

	SIR estimation for power control
	Non-ideal

	ILPC
	DPC_MODE = 1

	SRB
	Not modeled

	Implementation Margin
	1.5 dB


Table A.1: Link level simulation assumptions

*These settings give a maximum of a 60ms air interface delay for the 10ms TTI (10ms queuing for every other VoIP packet plus 40 ms HARQ RTT for second transmission, plus 10ms TTI), and a maximum of 50ms air interface delay for the 2ms TTI (16ms RTT * 3 HARQ retransmission + 2ms TTI.
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Figure A.1: : ITU Vehicular-A 3km/hr TPR optimization for the 10ms TTI taking into account the E-DPDCH activity factor for VoIP. For a VAF of 50%, the optimum TPR is approximately 7 dB. The closest quantized _ed/_c ratio value is _ed/_c  = 34/15.
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Figure A.2: ITU Vehicular-A 3km/hr TPR optimization for the 2ms TTI taking into account the E-DPDCH activity factor for VoIP. For VAF of 50%, the optimum TPR is approximately 10 dB. The closest quantized _ed/_c ratio value is _ed/_c  = 47/15.
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