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1 Introduction

A new Work Item on “Further EUL Enhancements” was approved during the RAN#62 plenary meeting. The objective of the Work Item consists in specifying technical solutions for increasing the uplink capacity, coverage, and end user performance (e.g. latency, achievable rates, etc.) [1]. Aiming at subdividing the main objective, the Work Item contains a set of detailed objectives from which “Reducing the UL control channel overhead for HSPA multi-RAB operation by means of HS-DPCCH overhead reduction” is the topic addressed by this contribution.
During the study item phase several contributions were presented for proposing the reduction of CQI reports when UEs configured for Multi-RABs with speech become power limited [2-4]. This contribution brings back the motivation behind reducing the CQI reporting in such scenarios, and presents a proposal on how it can be achieved.
2 Motivation for reducing the CQI report for Multi-RAB with Speech
The proper operation of HSDPA depends on the feedback information sent from the UE to the Node B in order to enable link adaptation and Hybrid ARQ. The uplink feedback information is carried on the HS-DPCCH, and its frame structure is shown in Figure 1. 
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 Figure 1.  Frame structure of the HS-DPCCH when the UE is configured in non MIMO mode
The HARQ feedback informs the Node B whether the packet was decoded correctly or not, while the CQI (Channel Quality Information) is essential for maintaining a good DL efficiency. In this regard, to have a proper CQI reporting period configured is very important for achieving a trade-off between not creating too much uplink overhead, and getting a suitable estimation of the downlink channel conditions. Nevertheless, there are scenarios where changing the current standardized CQI reporting period or completely stopping it can be beneficial. One such scenario is when UEs configured for Multi-RABs with speech become power-limited. In this scenario the UE might have limited transmit power for keeping a desired level of quality for the speech (CS traffic). If the UE is not receiving any DL data (PS traffic), the CQI reporting will lead to a waste of power which could be used for speech and possible SRB traffic on the DPDCH. So, reducing or completely stopping the CQI reporting can then increase the speech coverage and signal quality for the UE, since more power is dedicated to the speech.
3 Method for reducing the CQI report for Multi-RAB with Speech

In the previous section it has been pointed out that the first slot of the HS-DPCCH is used for the HARQ information, while the two remaining ones are for CQI use. The transmission instant of the HS-DPCCH will be determined by HS-SCCH/HS-DSCH as shown in Figure 2.
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Figure 2.  Timing of the HS-DPCCH transmission with respect to the HS-SCCH/HS-DSCH
According to what the above figure describes the terminal first receives the HS-SCCH, then it decodes the HS-DSCH, and finally it ends up with the transmission of an ACK/NACK in the uplink direction. The HARQ information is always sent whenever the HS-SCCH is correctly decoded, while the CQI transmission frequency (report cycle) is controlled by a system parameter k that can be configured as 0, 2, 4, 8, 10,16, 20, 32, 40, 64, 80, or 160 ms.

On the other hand, CQI reports are also signalled when a UE is configured for Multi-RAB, where it receives downlink data (PS data) traffic and simultaneously has an active speech connection (CS data) established. In a power-limited scenario, the UE may not have sufficient uplink transmit power to keep a desired level of uplink services. If a power-limited UE in Multi-RAB has stopped receiving downlink data (PS data) traffic, for example because of empty downlink data buffers, the CQI reports transmitted on the HS-DPCCH become a liability since they are taking power away from the DPCCH and the speech (CS data) and/or SRB traffic on the DPDCH. Avoiding or reducing the HS-DPCCH transmission in these scenarios would result in increased power for DCH channels and in turn improved coverage. It is therefore desirable to avoid unnecessary CQIs under these power-limited scenarios. 

One solution for dealing with the above described issue has to do with stopping the CQI reporting (or prolong it) after a certain period of DL data inactivity. One way of achieving such a purpose consists in including an uplink power headroom (UPH) threshold in order to know that the UE is power limited, a downlink inactivity timer, and CQI feedback cycle 2, which would be included as part of the physical layer operation procedure that is briefly described below:
· In the downlink direction the Node B transmits the HS-SCCH two slots before the corresponding HS-DSCH TTI.

· Once the terminal has decoded the initial part of the HS-SCCH, it will buffer the necessary codes from the HS-DSCH, while at the same it continues decoding the remaining part of the HS-SCCH.

· Depending on the outcome of the CRC conducted on the HS-DSCH, the terminal will send an ACK/NACK indicator in the uplink direction.

· Since the operation time between different events depend on the HS-SCCH reception, the proposal consists in starting a downlink inactivity timer right after the HS-SCCH has been detected whenever the UPH (internally measured by the UE) drops below a pre-configured threshold.
· This way if an elapsed time without detecting the HS-SCCH reaches the time value configurable in the inactivity timer, a CQI report cycle 2 is initialized for stopping or prolonging the CQI transmission. Highlighting that the CQI report cycle 2 can be configured with the same set of values that are already allowed in the standard for the existing cycle. 
· Finally, a recovered downlink activity will automatically trigger a normal CQI reporting.

The diagram shown in Figure 3 describes how the proposed CQI reduction method works in comparison to the baseline.
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Figure 3. Diagram illustrating a) CQI baseline’s reporting scheme and b) CQI reporting scheme with inactivity timer and  CQI report cycle 2 with k = 0.
When compared to the baseline, the proposed CQI reduction method brings the benefit of decreasing the uplink interference (and at the same time power saving in power-limited scenarios) by stopping the transmission of feedback whenever the inactivity timer expires due to the lack of downlink activity.
Proposal 1: Introduce a UPH threshold, and a CQI_INACTIVITY_TIMER along with a CQI report cycle 2.
4 Conclusion
In this contribution a method for reducing the CQI reports for Multi-RABs with speech was presented. It can be concluded that by adding a downlink inactivity timer along with a CQI report cycle 2 configured either with k = 0 or a large value, the unnecessary overhead in the uplink direction created by CQI reports sent when there is not downlink activity can be suppressed/decreased. The above solution brings an especial benefit for the UEs configured for Multi-RAB working under a power limited scenario, since when there is no downlink activity, the power that is typically taken away for sending “meaningless” CQI reports can be utilized instead for extending the UE’s coverage.  

Proposal 1: Introduce a UPH threshold, and a CQI_INACTIVITY_TIMER along with a CQI report cycle 2.
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