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1. Introduction

In RAN #58 meeting, the SI “Study on Further EUL Enhancements” was agreed. The objective of this study item is to identify potential technical solutions for increasing the uplink capacity, coverage and end user performance. One of the currently identified areas is UL control channel overhead reduction.

In this contribution, we illustrate possible solution to reduce the E-DPCCH overhead, and then give initial simulation results.
2. Scenario 
In Rel-7, DPCCH discontinuous transmission was introduced to reduce the uplink control channel overhead in case of low uplink data transmission activity (e.g. web browsing). When temporarily there is no E-DCH transmission, DPCCH transmits discontinuously according to a pattern. Similarly it is also worth for improving cell capacity and coverage to further reduce UL control channel overhead in case uplink data transmission is ongoing, especially for high uplink data transmission activities. In real deployment, low-rate traffic is very typical. In a certain network, we find that the traffic distribution is about 60% for (0,10kbps) and 30% for (10kbps,100kbps). In the scenario, the E-DPCCH power consumption comparing to E-DPDCH power consumption is very considerable, hence, reduction of E-DPCCH could increase the uplink capacity relatively large. 
3. Solution

Currently, E-DPCCH is always transmitted along with E-DPDCH, and it consists of E-TFCI, RSN and happy bit. Furthermore, E-DPCCH is always transmitted with the power that beyond the power needed for demodulation. If the E-DPCCH transmission could be performed with a reduced power or even be totally avoided, the overall UL control channel overhead could be reduced a lot.
The following is an example, where E-DPCCH transmission could be avoided if all the criteria are satisfied by the UE: 

1) The E-DPDCH transmission is not HARQ retransmission

2) The UE is neither buffer limited nor power limited

Node B could deduce the TB size of the E-DPDCH transmission according to the Serving Grant allocated to the UE. It is expected that most of the time E-DPCCH transmission could be avoided, since HARQ retransmissions are not always happen and Node B could always allocate an appropriate Serving Grant to the UE based on the SI report to avoid the buffer limitation and power limitation. 

One potential obstacle for this E-DPCCCH power optimization is that all the involved Node Bs including serving and non-serving Node Bs may not be aware of the actual Serving Grant in the UE in case inter-Node B soft handover scenario due to the Non-Serving RG down mechanism employed in HSUPA. One way forward is to prohibit the optimization when the UE enters the inter-Node B soft handover region. While as another option, some potential simple solutions which address SG synchronization among UE, serving Node B and non-serving could be investigated so as to extend this optimization further for inter-Node B soft handover scenario.
E-DPCCH boosting is introduced in UL 16QAM transmission, in which E-DPCCH gain factor will be boosted when large E-TFCs are used to assist the demodulating the E-DPDCH. Therefore E-DPCCH will not be avoided in case of E-DPCCH boosting. However, considering that the gain for E-DPCCH less operation is expected in the scenario of relatively lower data rate and large user of numbers, the E-DPCCH boosting will not impact the gain for E-DPCCH less operation evidently.
4. Initial Simulation result

Initial system simulation results for E-DPCCH less are presented in Figure 1 and Table 1, the corresponding simulation assumption could be found in Annex table2. In the simulation for E-DPCCH less operation, after the first E-DPDCH/EDPCCH transmission for a burst duration is detected and confirmed by the Node B, the UE could enters E-DPCCH less operation in which the UE will only transmit E-DPCCH in power/buffer limited or re-transmission. And Node B will decode E-DPDCH based on SG maintained for the UE in absent of E-DPCCH in E-DPCCH less operation period. The Rot and Burst rate as well as UE transmit power reduction gain for E-DPCCH less operation is illustrated as the following: 
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Figure1: Rot, Burst, power reduction gain, user number gain for E-DPCCH less
Table 1:Simulation results
	Case
	E-DPCCH Less not enable
	E-DPCCH Less enable
	Gain

	RoT(db)
	6.0556
	4.5622
	-24.66%

	Burst Rate（Mbps）
	0.1384
	0.1802
	30.20%

	Ue Tota lTx Power(dbm)
	10.30678
	4.97112
	-51.77%

	E-dpcch less ratio
	0
	0.5764
	　


From the simulation results, in case of higher number of users, the cell is in higher load situation in the simulation baseline, and the RoT is decreased evidently when the E-DPCCH less operation is enabled. This Rot reduction is due to the E-DPCCH transmissions decrease in E-DPCCH less operation, which in the end improved the UE burst rate. Meanwhile the UE total transmit power is reduced by 51%, which is mostly contributed by the E-DPCCH, DPCCH power reduction thanks to the Rot decreasing in the cell. In the case of 6dB ROT, the user number per cell is 20 when E-DPCCH less is not enabled, while the user number per cell is increased for 23 when E-DPCCH Less is enabled because of the E-DPCCH reduction.
5. Specification impact

In the current specification, the E-TFC selection procedure is performed in MAC, and the selected E-TFCI is transferred to PHY for the calculation of transmission power for E-DPCCH and E-DPDCH. To introduce of E-DPCCH less operation, the expected changes for specification could be summarized as following:
1) Define the procedure of E-DPCCH less mode, including the starting and stopping conditions. During the procedure the UE shall evaluate whether to transmit E-DPCCH based on defined rules per TTI having E-DPDCH transmission in TS 25.321. For example, the procedure of E-DPCCH less mode is started when the first E-DPDCH/EDPCCH transmission during burst duration is detected and confirmed by the Node B and the procedure of E-DPCCH less mode is ended when SI with empty buffer status is reported. 
2) Define the rules for the UE to evaluate whether the E-DPCCH could be avoided during the procedure of E-DPCCH less mode in TS 25.321(such as the UE is not in power/buffer limited or re-transmission or E-DPCCH boosting).
3) Trigger the indication to PHY in case of E-DPCCH could be avoided based on defined rules when indicating the selected E-TFCI to PHY.
6. Conclusion
The contribution list basic solutions of the E-DPCCH less and the impact on specification, and give the gain on RoT, burst rate and user number by the system simulation results for the E-DPCCH less operation.
Proposal: E-DPCCH less solution is further discussed and evaluated as a possible solution for control channels overhead reduction.
Annex A: simulation assumptions

Table 2 Simulation assumptions

	Parameters
	Values and comments

	Cell Layout
	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

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

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

	Penetration loss
	10 dB

	CPICH Ec/Ior
	-10 dB

	HS-DSCH 
	Up to 13 SF 16 codes per carrier for HS-PDSCH

	UE Antenna Gain
	0 dBi

	Maximum Sector Transmit Power
	43 dBm per carrier

	Traffic model
	UL Burst:
Mean = 0.03125 Mbytes

Std. Dev. = 0.01128 Mbytes

Reading time = 2.5s

	Number of UEs per cell
	20

	SI periodic  
	100ms


