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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 provide a text proposal on the solutions of UL control channel overhead reduction [2]-[5] to the technical report [1].
2. Text Proposal
------------------------------------------------------------------Text Start------------------------------------------------------------------
5.X        Reduced UL Control channel overhead

5.X.1       Background and motivation
……

5.X.2       Analysis

Editor’s Note: If needed, a detailed description of the current limitations should be captured here.

5.X.3       Solutions

Editor’s Note: A detailed description of each solution/enhancement should be captured here. If needed, each solution may be evaluated separately, using the following layout.

5.X.3.1            Description of CQI Cycle adaptive solution
Currently a single CQI reporting pattern is defined for HSDPA in multi-RAB scenario (HSPA coexistence with R99 channel). In order to reduce HS-DPCCH channel overhead, the second CQI reporting pattern is defined additionally. Normally, the UE reports CQI using the first reporting pattern, i.e., transmits a CQI report once every C1 ms. If the UE has not been scheduled for a certain (configurable) period T, the UE switches to a second CQI reporting pattern, i.e., reports CQI every C2 ms, where C2>C1.

Note that the CQI reporting patterns as a special case may include switching off the reporting completely (basically setting C2 to infinity). One possibility to implement this is to (re)start one DL activity timer in the UE every time HS-DSCH data, an HS-SCCH order or any other signalling indication is received. If the activity timer expires, the UE switches from pattern 1 to pattern 2. The Node B may use a corresponding activity timer mechanism (one per UE) to determine whether to expect pattern 1 or pattern 2.

In order not to impact on HSDPA transmission, NodeB could activate UE to report CQI at any time by physical signalling, e.g., by HS-SCCH Order. Once the activation order is received by UE, the UE would then immediately transmit CQI and (re)start the activity timer. UE reports CQI according to pattern1 during the activity timer running, and UE reports CQI according to pattern2 when the activity timer expires.

To implement the above mechanism, RNC needs to configure the CQI reporting intervals C1,C2 and activity period T for both UE and NodeB.

5.X.3.2            Evaluation of CQI Cycle adaptive solution

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.

5.X.3.3            Description of Serving Grant based E-DPCCH Less 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 when E-DPDCH is transmitted and its power is specified as an offset relative to DPCCH. 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 substantially reduced.
E-DPCCH transmission could be avoided if all the following 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

Additionally, in order to allow NodeB to distinguish E-DPCCH less transmission from no E-DCH data, UE could not enter E-DPCCH less mode until the ACK for the first E-DPDCH transmission is received during certain burst period. When the UE buffer is empty, SI=0 is triggered which informs NodeB that the UE has no data for transmission, and the UE exits the E-DPCCH less mode.
Node B could deduce the TB size of the E-DPDCH transmission according to the Serving Grant allocated to the UE.

This above operation is illustrated in Figure 5.X.3.3-1.
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Figure 5.X.3.3-1: Serving Grant based E-DPCCH Less

5.X.3.4            Evaluation of Serving Grant based E-DPCCH Less solution
Most of the time E-DPCCH transmission could be avoided, since HARQ retransmissions does 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.

In case E-DPCCH less is enabled, both the average UE throughput and sector throughput are improved. The increase of UE throughput rate is mainly because more power can be allocated to E-DPDCH transmission due to the E-DPCCH transmission decrease. In case of a high load scenario, the increase of UE throughput can be translated into sector throughput gain.
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.

5.X.3.5            Description of Blind E-DPDCH Detection Solution
Normally, small packet over HSPA (for example, VOIP or CS over HSPA) is transmitted with fixed formats or predefined transport format(s), then the E-DPDCH could be sent without E-DPCCH, and NodeB could decode the E-DPDCH blindly. In order to make NodeB distinguish original transmissions from re-transmission, the original transmissions can be sent without the E-DPCCH, while for the HARQ processes with retransmissions the E-DPCCH is present.

5.X.3.6            Evaluation of Blind E-DPDCH Detection Solution
The solution could only apply in the service with fixed formats or predefined transport format(s).

------------------------------------------------------------------Text End------------------------------------------------------------------
3. Conclusion
In this contribution, we provided a text proposal to the technical report on solutions for UL control channel overhead reduction.
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