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1. Introduction

The work item on Further EUL Enhancements was agreed in RAN#62 meeting [1]. One of the WI objectives is to reduce UL control channel overhead for multi-RAB scenario by means of HS-DPCCH overhead reduction. In the SI phase, an adaptive CQI cycle solution was proposed, i.e. support of switching to a long CQI reporting cycle in case the UE is not scheduled for a certain period. The proposed CQI reduction scheme can be beneficial in terms of reducing UL interference [2]. Another solution to reduce the UL control channel overhead is DTX on HS-DPCCH as in [3], where HS-DPCCH transmit power can be reduced (even DTXed) in power limited multi-RAB scenarios. In this contribution, we discuss some details of the proposed solutions for HS-DPCCH overhead reduction and the RAN1 specification impact for the introduction of these two solutions.
2. Details of the proposed solutions for HS-DPCCH overhead reduction

2.1 CQI cycle adaptive solution 
The CQI report reduction scheme was described in [4] [5]:
· When there is no downlink data received by UE during the pre-defined period, which is configured by the network, UE sets the CQI report cycle to be a large one k1 (40ms). UE will change the CQI report cycle to a small one k (2ms) once there is downlink data. Note that the CQI report cycle as a special case may include switching off the reporting completely (basically setting k1 to infinity).
· Node B could activate UE to report CQI at any time by signalling, e.g., by HS-SCCH order.

Details for support of CQI cycle adaptive solutions are considered as follows:

· Additional CQI feedback cycle for the case there is no downlink scheduling for a certain period
The additional CQI feedback cycle k1 configured by higher layers should be an integer multiple of 2ms (as legacy CQI feedback cycle k), where k < k1. The range of k1 could be up to 160 ms, which is the maximum value of legacy CQI feedback cycle k. Or the additional CQI feedback cycle may have an especial value (infinity) to indicate switching off the reporting completely.
Proposal 1: Introduce an additional CQI feedback cycle k1, which is an integer multiple of 2ms or infinity.
· New pre-defined parameter as a timer for switching from the small CQI feedback cycle to the large CQI feedback cycle
The new pre-defined parameter (e.g. called Timer_1) configured by higher layers is the initial value of CQI report cycle timer, where the UE shall switch the CQI feedback cycle to k1 upon the expiration of the CQI report cycle timer. The parameter value should be an integer multiple of 2ms.
Proposal 2: Introduce a parameter indicating the initial value of CQI report cycle timer configured by higher layers for CQI report cycle switching, which is an integer multiple of 2ms.
· HS-SCCH order for informing UE switch from the large CQI feedback cycle to the small CQI feedback cycle
One potential optimization is that NodeB could activate UE to report CQI with CQI feedback cycle k and reset the CQI report cycle timer at any time by HS-SCCH order, which could mitigate the negative impact on HSDPA transmission due to using larger CQI feedback cycle k1.

Proposal 3: Introduce an HS-SCCH order to switch to the small CQI feedback cycle.
· UE behaviour for CQI report cycle switch

The UE shall reset the CQI report cycle timer to Timer_1 when the UE detects HS-SCCH intended for this UE or has successfully decoded HS-PDSCHs intended for this UE or detects HS-SCCH order intended for this UE indicating activation of CQI feedback cycle k; otherwise, the CQI report cycle timer counts down. Upon the expiration of the CQI report cycle timer (CQI report cycle timer equals to zero), the UE shall increase the CQI feedback cycle to k1. The UE shall decrease the CQI feedback cycle to k when CQI report cycle timer is reset from zero to Timer_1 (See Figure 1). 

[image: image1.emf]UE0 HS-PDSCH

A

C

K

7.5 slots CQI

UE0

A

C

K

CQI HS-DPCCH CQI

k

CQI

k

1

UE0 UE0

CQI CQI

k

Timer_1

HS-SCCH order UE0

CQI CQI


Figure 1: cycle adaptive solution for single cell
In case of coexistence with multi-cells/Multiflow mode, it is appropriate for UE to change to the large CQI cycle only when no downlink data is received by UE in all the cells during the pre-defined period, and to change to the small CQI cycle once there is downlink data in any cell (as shown in Figure 2 and Figure 3). This means that UE will switch the CQI feedback cycle in all the cells synchronously and the network side may apply the switch asynchronously. The following benefits can be obtained:
· There is no CQI report loss in the coexistence compared to the single cell transmission, since the data transmission in each cell is always related to CQI feedback cycle k.
· The scheme avoids introducing a new CQI coding for CQI together with DTX since UE switches the CQI cycle in all the cells synchronously.
· In case of coexistence with multi-cells/intra-Multiflow mode, NodeB knows the switching time of all the cells and can adjust the CQI receiving synchronously. In case of coexistence with inter-Multiflow mode, the network side would respond the switch asynchronously. In this case, the additional CQI feedback cycle k1 is proposed to be configured as an integer multiple of k. In this way, the cell, which receives CQI assuming different CQI feedback cycle with the UE, can receive CQI correctly since the CQI reception subframe at the network side is always aligned with the CQI transmission subframe at the UE side .
Proposal 4: The UE shall change to the large CQI report cycle when no downlink data is received by UE in all cells during the pre-defined period, and change to the small CQI report cycle once there is downlink data in any cell.
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Figure 2: Cycle adaptive solution for multi-carrier mode
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Figure 3: Cycle adaptive solution for Multiflow mode
2.2 DTX on HS-DPCCH 
The DTX HS-DPCCH scheme is described in [3]:
· HS-DPCCH transmit power can be reduced (even DTX) before additional scaling in the power limited multi-RAB scenarios, where CQI/PCI transmit power could be reduced to zero and ACK/NACK transmit power could be reduced to no lower than a minimum gain factor configured by higher layers.

In this scheme, a minimum gain factor for ACK/NACK configured by higher layers would be introduced and details are shown in [3].
Proposal 5: In case of multi-RAB scenario, DTX on CQI shall be performed before applying power scaling on DPDCH.

Proposal 6: In case of multi-RAB scenario, uplink ACK/NACK transmit power can be reduced to zero or to a minimum gain factor configured by higher layers before applying power scaling on DPDCH.

3. RAN1 Specification Impact

The CQI cycle adaptive solution may have almost no impact on TS 25.211~25.213, except for HS-SCCH order in TS 25.212, since no new or additional channels are introduced. The main modifications are the UE behaviours for CQI feedback cycle switching in TS 25.214. The UE behaviour with regard to DTX HS-DPCCH needs to be captured in TS 25.214.

Impacts on RAN1 specifications

	TS 25.212
	New Section 4.6C.2.2.x for HS-SCCH order mapping
	Introduce an HS-SCCH order to switch to the small CQI feedback cycle

	TS 25.214
	Section 6A.1 General procedure
	Add a new parameter k1 for the large CQI feedback cycle to Channel Quality Indicator (CQI) feedback cycle in the parameter list, which should be an integer multiple of 2ms and within the range of existing CQI feedback cycles, i.e. up to 160 ms. Or k1 may have an especial value (infinity) to indicate switching off the reporting completely.
Add a new pre-defined parameter (e.g. called Timer_1) configured by higher layers into the parameter list, which is the initial value of CQI report cycle timer and should be an integer multiple of 2ms.

	
	Section 6A.1.1 UE procedure for receiving HS-DSCH and HS-SCCH in the CELL_DCH state
	Introduce the CQI feedback cycle switching procedures. Define that the UE behaviour for deriving the subframe for CQI report reuses the legacy formula for different CQI feedback cycles (k or k1).

	
	Section 5.1.2.6 Maximum and minimum power limits
	Define the UE behavior for HS-DPCCH Tx power reduction in case of multi-RAB scenario. A minimum gain factor for ACK/NACK configured by higher layers would be introduced.


4. Conclusion
In this contribution, we provide details on solutions for HS-DPCCH overhead reduction, i.e. CQI cycle adaptive solution and DTX HS-DPCCH solution, and the RAN1 specification impact for the introduction of the two solutions. It is proposed:
Proposal 1: Introduce an additional CQI feedback cycle k1, which is an integer multiple of 2ms or infinity.
Proposal 2: Introduce a parameter indicating the initial value of CQI report cycle timer configured by higher layers for CQI report cycle switching, which is an integer multiple of 2ms.
Proposal 3: Introduce an HS-SCCH order to switch to the small CQI feedback cycle.
Proposal 4: The UE shall change to the large CQI report cycle when no downlink data received by UE in all the cells during the pre-defined period, and change to the small CQI report cycle once there is downlink data in any cell.
Proposal 5: In case of multi-RAB scenario, DTX on CQI shall be performed before applying power scaling on DPDCH.

Proposal 6: In case of multi-RAB scenario, uplink ACK/NACK transmit power can be reduced to zero or to a minimum gain factor configured by higher layers before applying power scaling on DPDCH.
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