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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, as follows [1]:
……
6) Reduce UL control channel overhead for HSPA operation.
……
In RAN2#81 meeting, a LS was sent to RAN1 asking RAN1 to perform the needed studies on the following topics with RAN1 impact [2]:
· Enabling high user bitrates in a mixed-traffic scenario by means of, e.g., a more efficient method of confining high-RoT operation to dedicated secondary carriers

· Rate Adaptation to support improved power and rate control for high rates

· Reduce UL control channel overhead for HSPA operation.
· Low-complexity uplink load balancing solutions, e.g. a fast uplink carrier switching in Cell_DCH state, especially for configurations where the downlink is configured in multicarrier operation while the uplink is in single carrier

In this contribution, the topic on UL control channel overhead reduction is discussed. It is considered that UL control channel overhead reduction can bring UL throughput gain. The transmission of E-DPCCH, HS-DPCCH and even DPCCH with DTX can be optimized to achieve this objective.
2. Discussion
In some deployed HSPA networks, the featured high throughput rates introduced in Releases 6 and 7 for HSUPA are not achievable. One of the reasons is that the control channels consume a lot of transmission power and consequently generate high UL interference. The data traffic transmission is then limited, and the efficiency of HSUPA is low. In Rel.7, DPCCH discontinuous transmission was introduced to reduce the uplink control channel overhead. When there is temporarily no E-DCH transmission, DPCCH transmits discontinuously according to a pattern. 
DTX can reduce the uplink control channel overhead, especially for the burst type traffic transmission. However, for some type of traffic, data is transmitted continuously with short interruptions. The UE will seldom transfer to DTX status, which limits the gain of DTX. On the other hand, depending on the implementation strategy, some vendors may prefer the fast state switching when UE stops the data transmission by setting a shorter inactivity timer. In this situation, DTX will have little chance to bring gain in CELL_DCH state. In addition, when DCH and E-DCH are configured simultaneously, CPC can not be supported.
As discussed above, the control channel overhead reduction mainly focuses on the scenario of E-DCH data transmission inactivity. The control channel overhead during the data transmission was not taken into account before Rel.12. In Rel.12, the UL control channel overhead reduction is raised as an objective of Further EUL Enhancements Study Item. The following aspects can be considered to reduce the UL control channel overhead.
· E-DPCCH overhead reduction

E-DPCCH is always transmitted with E-DPDCH for E-TFCI, RSN and happy bit indicating. If the E-DPCCH can be transmitted with lower power offset, or even be entirely stopped in the TTI where the E-DPDCH transmission could be expected by Node B, the control channel overhead during the data transmission can be reduced substantially, thus the total RoT of the cell can be reduced especially in the scenario of high number of user. Furthermore considering that DPCCH/E-DPCCH power is derived as result of inner loop power control in cell edge, the throughput of the cell edge user could be improved evidently by utilizing the saved power to E-DPDCH transmission.
In current E-DCH operation, the used E-TFC will equal to the maximum E-TFCI allowed by SG in case neither buffer nor power limitation exists for uplink transmission. In that case the Node B could deduce the E-TFCI from the SG, and there is no need to send the indication of E-TFCI in E-DPCCH. The SI and Happy Bit report mechanism employed in E-DCH operation could help the Node B to avoid the power or buffer limited scenario when issuing grant to UE, therefore it could be expected that most E-DPDCH transmissions are neither buffer nor power limited when controlled by a reasonable scheduling algorithm. Based on the discussion above, it seems that most E-TFCI signallings in E-DPCCH transmitted with E-DPDCH are actually unnecessary in E-DCH operation. Therefore, it is proposed:
Proposal 1: E-DPCCH less is further considered as a possible solution for control channels overhead reduction.
· HS-DPCCH overhead reduction

CQI reduction was considered in Rel.7 CPC. When the HS-DSCH transmission is inactive, CQI transmission priority is set to 0 to reduce the CQI reporting. In “Further EUL Enhancements” Study Item in Rel.12, the CQI transmission can be further optimized to reduce the HS-DPCCH overhead, especially in the scenario that CPC is not supported or can bring little gain, as discussed above. Some schemes can be found to reduce the CQI reporting during HS-DSCH transmission activity. For example, if the CQI difference between the CQI to be reported and the last reported one is lower than a threshold, UE shall not report the coming CQI. 
Proposal 2: CQI reduction is further considered as a possible solution for control channels overhead reduction.
3. Conclusion
In this contribution, the motivation of UL control channel overhead reduction is discussed. The following aspects can be considered.

· E-DPCCH less, or transmitted with reduced power

· CQI reporting reduction during HS-DSCH activity

It is proposed:
Proposal 1: E-DPCCH less is further considered as a possible solution for control channels overhead reduction.
Proposal 2: CQI reduction is further considered as a possible solution for control channels overhead reduction.
References
[1] RP-122019, New Study Item proposal: Study on Further EUL Enhancements
[2] R2-130758, LS on further EUL enhancements, RAN WG2
