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1
Introduction
During the RAN#58 meeting the new Study Item on Further enhancements to Enhanced Uplink [1] has been approved [2]. The Study Item proposal contains a list of identified areas on which the studies should focus. This contribution aims at describing the basics of technology addressing the 6th  point in [1]:

Reduce UL control channel overhead for HSPA operation.

It is well recognised that uplink control channel reduction can bring cell capacity and coverage gains in HSUPA system. This contribution focuses on the overhead reduction of E-DPCCH channel.  Different schemes of E-DPCCH reduction are discussed and corresponding link level simulation results are presented in this document. 
2
E-DPCCH reduction
HSUPA uplink control channels consume valuable cell capacity resources that could be otherwise utilized for the user data transmission. Therefore, various approaches on control channel overhead optimization are investigated. Release 7 introduced the discontinuous transmission in order to limit the mentioned overhead during UE inactivity periods. It has been identified that reducing the control overhead is possible also when the data transmission is ongoing. 
The E-DPCCH channel carries the TFCI, RSN and Happy bit. It has been proposed to 3GPP in [3] that the E-DPPCH could be removed for the operation with high datarates when a UE is neither buffer nor power limited. In that case a NodeB does not need information about the TFCI as it can calculate it from the Serving Grant provided to the UE. 
Slightly different approach has been proposed in [4]. For a known service type (e.g. voice), instead of using conventional E-DCH transmission in the uplink consisting of:

· E-DPDCH

· E-DPCCH

· DPCCH

· HS-DPCCH for the downlink feedback

the E-DPCCH can be left out as voice packets can be sent with a fixed format. Thus the information carried on the E-DPCCH is not needed and the overhead can be reduced. At the start of a service it can be decided that the transport format is fixed or consisting of a subset, where the requirement for the subset is that the NodeB needs to be able to blindly detect what is being sent. Then for that service with predefined transport format(s), the E-DPCCH can be left out for the first HARQ attempt. For the HARQ processes with retransmissions the E-DPCCH is present such the NodeB is aware that it is a retransmission. In theory the blind detection of the RSN is also possibly but requires trying much higher number of hypotheses. This could allow for leaving out the E-DPCCH not only for the first transmissions but also for retransmissions. 
An alternative approach is not to void the entire E-DPCCH transmission but instead reduce the E-TFCI information which is currently carried using 7 bits. This has been considered in a number of legacy 3gpp contributions [5],[6],[7], where it was identified that the E-TFCI constitutes a significant overhead that can be optimized. It was proposed to reduce the E-TFCI information from 7 to 4 bits for operation with low datarates where “E-TFCI” info does not vary dynamically over time but rather shows constant or within restricted range. In that case a new coding of E-DPCCH, e.g. Reed-Muller code RM(30,7) as proposed in [6], would have to be used. This has been taken further in [8] where it is proposed to completely remove the E-TFCI information for small packets and use blind detection of E-TFCI by the NodeB. The RM(30,3) coding of the E-DPCCH channel is proposed to be used in this case. The figures below illustrate the overall coding chain for the E-DPCCH for two of embodiments of the Reed–Muller code, RM(30,10) which is currently used and RM(30,3). 
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Figure 1. Legacy and modified coding chain for the E-DPCCH channel. Reed-Muller code RM(30,10) and RM(30,3). 

3
Simulation methodology
In this contribution link level gains coming from E-DPCCH overhead reduction are evaluated. The gains are presented in a form of Tx Ec/No decrease and Rx Ec/No decrease. Both complete voiding of the E-DPCCH channel and reduction of the E-TFCI information are considered. The following approaches are evaluated: 
· E-DPCCH-less initial (1st) H-ARQ transmission ( retransmissions include E-DPCCH)
· E-DPCCH-less 1st and 2nd transmissions  (3rd and 4th transmissions include E-DPCCH)
· E-DPCCH transmitted every TTI, with E-TFCI info removed (RM(30,3) coding) and with a decreased gain factor

· Baseline case: complete E-DPCCH transmitted every TTI for every transmission and retransmission.

It is expected that different approaches will provide different gains depending on the datarates used. Three different Transport Block Sizes were considered in the link level simulations: 120, 300 and 610bits.
The TBS was fixed for a single simulation. 
Another aspect playing important role in the evaluation of proposed solutions is the Beta factors selection. βed is selected based on the BLER vs. Es/No function so that the E-DPDCH channel was decoded with a probability of 1%:
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Figure 2. E-DPDCH BLER as a function of post-receiver SINR for different transport block size.  

From the above figure we can read the βed factors used in the simulation for the BLER of 1%:
· βed = 1.2080 for TBS 120 bits

· βed = 1.6908 for TBS 300 bits

· βed = 2.2547 for TBS 610 bits

· βec = 1 (for E-DPCCH-less approaches )

· βc = 1 

The full set of simulation Assumption is attached as an appendix to this document. 

4
Simulation results
4.1 
E-DPCCH-less approach, 1% BLER target after 4th attempt 
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Figure 3.  CDF of TX Ec/No,  Ped A 3km/h, 120bits TBS
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Figure 4.  CDF of RX Ec/No, Ped A 3km/h, 120bits TBS
Table 1.  Summary of the link level results for E-DPCCH-less approach, 1% BLER target after 4th attempt
	Ped A, 3 km/h
	
	Veh A, 3km/h

	TBS
	Approach
	TX Ec/No,  dB
	RX Ec/No, dB
	
	TBS
	Approach
	TX Ec/No, dB
	RX Ec/No, dB

	120
	Baseline
	-16.0
	-17.9
	
	120
	Baseline
	-17.3
	-17.3

	
	E-DPCCH-less original transmission
	-16.5
	-18.4
	
	
	E-DPCCH-less original transmission
	-17.9
	-17.9

	
	Gain
	0.5
	0.5
	
	
	Gain
	0.6
	0.6

	
	E-DPCCH-less 1st and 2nd transmissions
	-16.8
	-18.7
	
	
	E-DPCCH-less 1st and 2nd transmissions
	-18.3
	-18.3

	
	Gain
	0.8
	0.8
	
	
	Gain
	0.9
	0.9

	300 
	Baseline
	-14.3
	-16.2
	
	300
	Baseline
	-15.6
	-15.6

	
	E-DPCCH-less original transmission
	-14.7
	-16.6
	
	
	E-DPCCH-less original transmission
	-15.9
	-15.9

	
	Gain
	0.4
	0.4
	
	
	Gain
	0.3
	0.3

	
	E-DPCCH-less 1st and 2nd transmissions
	-14.9
	-16.8
	
	
	E-DPCCH-less 1st and 2nd transmissions
	-16.3
	-16.3

	
	Gain
	0.6
	0.6
	
	
	Gain
	0.7
	0.7

	300 
	Baseline
	-14.3
	-16.2
	
	300
	Baseline
	-15.6
	-15.6

	
	E-DPCCH-less original transmission
	-14.7
	-16.6
	
	
	E-DPCCH-less original transmission
	-15.9
	-15.9

	
	Gain
	0.4
	0.4
	
	
	Gain
	0.3
	0.3

	
	E-DPCCH-less 1st and 2nd transmissions
	-14.9
	-16.8
	
	
	E-DPCCH-less 1st and 2nd transmissions
	-16.3
	-16.3

	
	Gain
	0.6
	0.6
	
	
	Gain
	0.7
	0.7


4.2 
E-DPCCH-less approach, 10% BLER after 1st attempt 
Table 2.  Summary of the link level results for E-DPCCH-less approach, 10% BLER target after 1st attempt
	Ped A, 3 km/h
	
	Veh A, 3km/h

	TBS
	Approach
	TX Ec/No,  dB
	RX Ec/No, dB
	
	TBS
	Approach
	TX Ec/No, dB
	RX Ec/No, dB

	120
	Baseline
	-11
	-13.1
	
	120
	Baseline
	-12.6
	-12.7

	
	E-DPCCH-less original transmission
	-12.4
	-14.5
	
	
	E-DPCCH-less original transmission
	-14
	-14.1

	
	Gain
	1.4
	1.4
	
	
	Gain
	1.4
	1.4

	
	E-DPCCH-less 1st and 2nd transmissions
	-12.4
	-14.4
	
	
	E-DPCCH-less 1st and 2nd transmissions
	-13.9
	-14

	
	Gain
	1.4
	1.4
	
	
	Gain
	1.4
	1.4

	300
	Baseline
	-9.2
	-11.2
	
	300
	Baseline
	-10.6
	-10.7

	
	E-DPCCH-less original transmission
	-10
	-12
	
	
	E-DPCCH-less original transmission
	-11.5
	-11.6

	
	Gain
	0.8
	0.8
	
	
	Gain
	0.9
	0.9

	
	E-DPCCH-less 1st and 2nd transmissions
	-9.9
	-12
	
	
	E-DPCCH-less 1st and 2nd transmissions
	-11.6
	-11.7

	
	Gain
	0.8
	0.8
	
	
	Gain
	0.9
	0.9

	610
	Baseline
	-7
	-9.1
	
	610
	Baseline
	-8.5
	-8.6

	
	E-DPCCH-less original transmission
	-7.6
	-9.7
	
	
	E-DPCCH-less original transmission
	-9.2
	-9.3

	
	Gain
	0.6
	0.6
	
	
	Gain
	0.7
	0.7

	
	E-DPCCH-less 1st and 2nd transmissions
	-7.7
	-9.7
	
	
	E-DPCCH-less 1st and 2nd transmissions
	-9.2
	-9.3

	
	Gain
	0.6
	0.6
	
	
	Gain
	0.7
	0.7


4.3 
Modified E-DPCCH coding
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Figure 5.  Tx Power level comparison for RM(30,10) and RM(30,3) (transmission without E-TFCI), Ped A, 3km/h channel model, 120 bits TBS 
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Figure 6.  Rx Power level comparison for RM(30,10) and RM(30,3) (no E-TFCI transmission), Ped A, 3km/h channel model, 120 bits TBS 
Table 2.  Summary of the link level gains for the E-DPCCH coding RM(30,3) (no E-TFCI transmissions)
	TBS
	Channel
	TX Ec/No gain [dB]
	RX Ec/No gain [dB]

	120
	PA3
	0.4
	0.4

	
	VA3
	0.4
	0.4

	300
	PA3
	0.3
	0.3

	
	VA3
	0.3
	0.3

	610
	PA3
	0.3
	0.3

	
	VA3
	0.2
	0.2


5
Discussion
Link level gains coming for different E-DPCCH overhead reduction schemes are presented in the previous section. All proposed solutions provide gains over the baseline. For the E-DPCCH-less initial transmission Rx and Tx power gains vary from 0.3 to 0.6dB depending on the channel model and TBS. The gains are higher for the smaller TBS as in this case the E-DPCCH constitutes relatively higher overhead. When leaving out the E-DPCCH for both 1st and 2nd transmissions the gains increase to 0.6 to 0.9dB depending on the TBS. Improvement can be further increased with a more aggressive BLER target. The highest gains are observed in a case of 10% BLER target after the 1st attempt, however in this scenario there is not much benefit coming from the E-DPCCH voiding on 2nd attempt as there is much less retransmissions. Since removing E-DPCCH also for the 2nd transmission (retransmissions) doesn’t provide significant gains and requires blind detection of the RSN this option is not recommended.  
In case of modified E-DPCCH coding RM(30,3)  (removing of the E-TFCI information) the gains are slightly lower but still significant. Similarly to the previous approach gains decrease with increasing transport block size. This leads to the conclusion that the E-DPCCH reduction studies should be focused on the transmission of small packets where there is much more to gain as the control channels overhead is relatively higher. Thus, the network performance can be improved with relatively low cost mostly for services with low datarates and fixed or limited E-TFCI selection (e.g. voice) which facilitates blind E-TFCI detection by the NodeB.  It is expect that presented link level results lead to similar, significant system level gains, however the precise system level performance impact is still to be evaluated. 
6
Conclusions
Different E-DPCCH overhead reduction schemes are evaluated in the contributions. Presented link level results show substantial gains coming from most of the proposed solutions. In all cases the gains decrease rapidly with increasing transport block size. Therefore, it is proposed to focus E-DPCCH overhead reduction studies on transmission of small packets preferably with limited or fixed E-TFCI set. 
Proposal: Consider small packet transmission as a primary target of E-DPCCH overhead reduction study. 
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Annex A: simulation assumptions
Table 3. Link level simulation assumptions

	Parameter
	Value

	Transmission modes
	1x2 SIMO

	Physical channels
	DPCCH, E-DPCCH, E-DPDCH

	E-DCH TTI [ms]
	2

	Link level simulation approach
	Fixed rate

	Modulation
	BPSK

	TBS [bits]
	120, 300, 610

	Number of physical data channels and spreading factor
	1xSF16 for TBS 120 bits; 1xSF4 for TBS 300 and 610 bits;

	H-ARQ operating point
	1% BLER after the 4th attempt {10% BLER after the 1st attempt}

	H-ARQ approach
	Chase combining

	Number of H-ARQ processes
	8

	Maximum number of H-ARQ transmissions
	4

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max log MAP

	Number of iterations for turbo decoder
	8

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	Realistic

	Inner loop power control
	On

	Outer loop power control
	On

	TPC feedback delay [slots]
	2

	TPC period [slots]
	1

	ILPC step size [dB]
	±1

	OLPC delay [TTI]
	4

	Propagation channel
	Ped A, 3 km/h,
Veh A, 3 km/h

	Correlation of channel realizations between different RX antennas
	0


