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1. Introduction

In RAN #58 meeting, the SI “Study on Further EUL Enhancements” [1] was agreed. The intention is to improve the user plane cell capacity with high number of users (high priority) as well as the uplink coverage and latency (lower priority). In the LS from RAN2 WG2, it respectfully asks RAN WG1 to perform the needed studies on the following topics [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, e.g. E-DPCCH overhead reduction, CQI report reductions, DTX enhancements, UL DPCCH reductions

· 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, we will generally discuss this issue of UL control channel overhead reduction. It is considered that the HS-DPCCH overhead reduction can bring cell capacity gain as well as uplink interference reduction. The transmission of the CQI reports on HS-DPCCH can be further optimized to achieve this objective. 
2. Discussion
In some of the deployed HSPA networks, HSUPA encounters an efficiency problem. One reason is that uplink control channels contribute to a considerable portion of the RoT of the cell. The uplink efficiency will be lower with the increase in the number of users, because UE needs to increase the power of the control channels as a result of inner loop power control due to the increased interference from other UEs.
2.1 HS-DPCCH overhead
Considering one single UE, since the HS-DPCCH overhead is generally less than 1%, the HS-DPCCH impact is limited. However, considering a large number of active UEs in a cell, the HS-DPCCH overhead needs further evaluation and consideration.
Assuming I0 is total received power from the UEs connecting to the target cell, Iown is the received power from the target UE, Iother is the total received power from all other UEs, then:
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Since the received power from per UE decreases as the number of active UEs increases, it can be concluded that per UE Ec_hs-dpcch will increase as the number of active UEs increases given the constant SIR_targetdpcch. 
Observation 1: Per UE HS-DPCCH overhead increases with active UE number.

For simplicity, we assume the received power from target UE vs the total received power from all UEs is 1/N, so the received power of the HS-DPCCH from target UE is 
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Since the cell Rise over Thermal RoT = (I0 + N0)/ N0 and the neighbour cell is not considered, it is further that
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Finally, we can derive that:
For target UE side, HS-DPCCH power vs total UE transmit power is 
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For all UE side, HS-DPCCH power vs total UE transmit power is
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Based on the above formula, per UE HS-DPCCH overhead and total UE HS-DPCCH overhead are given in Table 1 and Table 2. It can be observed that total HS-DPCCH overhead is significant in case of large number of UEs, e.g. over 30% in case of 30 UEs.
Observation 2: HS-DPCCH overhead is significant in case of large number of UEs.
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Figure1: The relation of per UE HS-DPCCH power vs total power with the total active UE number
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Figure2: The relation of total UEs HS-DPCCH power vs total power with the total active UE number

2.2 Initial scheme design
CQI report 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. For “Further EUL Enhancements” in Rel-12, CQI report can be further optimized to reduce the HS-DPCCH overhead. Some solutions could be found to reduce the CQI report during HS-DSCH transmission activity, when the UE’s CQI does not have significant changes from the last report, the CQI reports would be not necessary. 
From the UE perspective, the transmission of the CQI on HS-DPCCH consumes valuable power headroom which can be better utilized by DPDCH or E-DPDCH for increasing performance in power limited scenarios. From the network perspective, reducing the CQI reports would reduce uplink interference as well as improve cell capacity.
The following two schemes could be considered to reduce the CQI reports within this SI:
· Scheme1: Report differential CQI 
According to the above, the CQI is unnecessarily reported when there is the small difference between the CQI to be reported and the last reported one. UE could compare this difference with a threshold. If the difference is smaller than the threshold, UE should not report the CQI. If the difference is larger than or equal to the threshold, UE could report the CQI. Therefore, UE could decide to report CQI or not depending on the condition of the CQI changes, instead of reporting CQI in each CQI reporting cycle.
· Scheme2: Adjustment of the CQI cycle
Scheme1 shows that the reported CQI is primarily controlled by UE. In Scheme2, the network equipment controls UE to report CQI as similar as the legacy process. The network equipment could inform UE to adjust CQI feedback cycle or whether to feedback CQI at a time by an additional signalling, and then UE would follow it. Certainly, Scheme1 and Scheme2 can be combined to reduce CQI unnecessary reports.

Proposal: The CQI report reduction schemes are further evaluated.
2.3 Simulation evaluation baseline
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. 

When E-DCH and DPDCH are scheduled for transmission (Multi-RAB), CPC does not work in this scene. Since Multi-RAB is a possible scene and CPC is not mandatory achieved in the current network, the non-CPC may be more universal as evalution baseline in the initial simulation assumption.
3. Conclusion
In this contribution, it firstly analysed that HS-DPCCH overhead comes larger in multi UEs case. Then, we generally discussed possible initial schemes designs and the simulation evaluation baseline to be considered for CQI report reduction. 
Proposal: The CQI report reduction schemes are further evaluated.
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