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1 Introduction

A new Work Item on “Further EUL Enhancements” was approved during the RAN#62 plenary meeting [1]. One of the objectives of the work item is to reduce the UL control channel overhead for HSPA multi-RAB operation by means of HS-DPCCH overhead reduction.

During the RAN1#76 meeting, proposals have been presented for multi-RAB configured UEs in the power limited scenario for improving voice coverage [2][3].  In this contribution, the different proposals are summarized and the according specification change is proposed.

2 HS-DPCCH overhead reduction for multi-RAB in the power limited scenario
It has been shown that voice coverage can be improved by reducing the HS-DPCCH control channel overhead when a multi-RAB configured UE is power limited while DPDCH is transmitted. Two proposals, selective scaling [2] and DTX HS-DPCCH [3], have been discussed during the RAN1#76 meeting.

2.1 Selective scaling 

In this scheme, if the UE transmit power exceeds the maximum allowed power even though DTX is used on all E-DPDCH (and E-DPCCH with CR0704 [4]) when a DPDCH is being transmitted, a UE configured with multi-RAB will scale down the HS-DPCCH power in favour of the DPDCH and DPCCH channels. I.e., UE reduces the HS-DPCCH gain factor so that the total transmitting power will be equal to the maximum allowed power. In the extreme case, HS-DPCCH is DTXed.  
Since selective scaling has already been introduced in the specification for E-DCH, a similar approach for HS-DPCCH would mean that there is minimal additional complexity incurred at the UE, and consequently its impact to the specifications and implementations will be minimal [2].
2.2 DTX HS-DPCCH 
When a multi-RAB UE is power limited, the transmission quality of CQI/PCI is predicted to have little impact on the downlink scheduling [3]. Thus, CQI/PCI Tx power could be reduced to zero when HS-DPCCH power reduction is applied. This scheme also proposes to reduce ACK/NACK transmit power to zero or a minimum gain factor configured by higher layers when applying HS-DPCCH power reduction. When reducing ACK/NACK transmit power to zero, it is corresponding to HS-DPCCH DTXed.     
2.3 United solution

A united solution based on above two proposals is summarized below. For a multi-RAB configured UE, when a DPDCH is transmitted, if UE’s transmit power still exceeds the maximum allowed value even though DTX is used on all E-DPDCH (and E-DPCCH with CR0704 [4]), the following power scaling steps should be followed before applying additional scaling as described in section 5.1.2.6 in [5] : 

1. UE reduces the HS-DPCCH gain factor so that the total transmitting power will be equal to the maximum allowed power (as described in section 2.1)
2. If UE’s power still exceeds the maximum allowed after step 1, DTX HS-DPCCH (as described in section 2.2, and the extreme case in section 2.1).

Moreover, in order to provide additional protection and flexibility, the HS-DPCCH overhead reduction should be configurable by the network, i.e., the RNC can activate/deactivate the feature.
3 RAN1 Specification Impact
In the current specification [5], for a multi-RAB configured UE, when a DPDCH is transmitted, it states that additional scaling shall be applied by UE as:
In the following cases, the UE shall then apply additional scaling to the total transmit power so that it is equal to the maximum allowed power:

· if a DPDCH is transmitted and the total UE transmit power would still exceed the maximum allowed value even though DTX is used on all E-DPDCHs;

· if no DPDCH is transmitted and the total UE transmit power would still exceed the maximum allowed value even though ed,k is equal to ed,k,min for all k.

-
Any additional scaling of the total transmit power as described above shall be such that the power ratio between DPCCH and DPDCH, between DPCCH and HS-DPCCH, between DPCCH and E-DPCCH, and between DPCCH and S-DPCCH, remains as required by subclauses 5.1.2.5, 5.1.2.5A, 5.1.2.5B.1, and 5.1.2.5D, and such that the power ratio between each E-DPDCH and DPCCH remains as required by ed,k,min/c if DTX is not used on E-DPDCH. Any slot-level scaling of ed or DTX of E-DPDCH as described above is applied at layer 1 only and is transparent to higher layers. 

According to the solution described in section 2.3, the following statements that describe the UE power scaling when applying HS-DPCCH reduction should be reflected by the specification:

When a DPDCH is transmitted and the UE applying HS-DPCCH reduction, if the total UE transmit power would still exceed the maximum allowed value after the following power scaling steps:

1. DTX is used on all E-DPDCHs and E-DPCCHs;
2. HS-DPCCH gain factor is scaled down;

3. HS-DPCCH is DTX:ed; 

     Then additional scaling of the total transmit power shall be applied so that it is equal to the maximum allowed power. The additional scaling shall be such that the power ratio between DPCCH and DPDCH, remains as required by subclauses 5.1.2.5, 5.1.2.5A.
In the appendix, the proposed specification change is attached.

Proposal 1: Agree on the HS-DPCCH overhead reduction scheme for multi-RAB UEs in the power limited scenario.
Proposal 2: The HS-DPCCH overhead reduction should be configurable by the network, and is up to RAN2 to determine the way of activating/deactivating this feature at the RNC.
4 Conclusion
In this contribution, an HS-DPCCH overhead reduction scheme is discussed for multi-RAB UE in the power limited scenario. It is proposed: 

Proposal 1: Agree on the HS-DPCCH overhead reduction scheme for multi-RAB UE in the power limited scenario. 
Proposal 2: The HS-DPCCH overhead reduction should be configurable by the network, and is up to RAN2 to determine the way of activating/deactivating this feature at the RNC.
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5.1.2.6
Maximum and minimum power limits

When E-DCH is not configured, in the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall apply additional scaling to the total transmit power so that it is equal to the maximum allowed power. This additional scaling shall be such that the power ratio between DPCCH and DPDCH, between DPCCH and HS-DPCCH, and between DPCCH and S-DPCCH remains as required by subclause 5.1.2.5, 5.1.2.5A, and 5.1.2.5D. 
Single uplink frequency configured for E-DCH
When E-DCH is configured on a single frequency or E-DCH is configured on multiple frequencies but Secondary_EDCH_Cell_Active is 0, 
Single transport block transmission (no MIMO)
- 
If the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall firstly reduce all the E-DPDCH gain factors ed,k by an equal scaling factor to respective values ed,k,reduced so that the total transmit power would be equal to the maximum allowed power.
-
Also if E-TFCIi is greater than E-TFCIec,boost, UE shall reduce only E-DPDCH gain factors to respective values ed,k,reduced and E-DPCCH is transmitted using original ec which is not recalculated according to the reduced E-DPDCH gain factors. 

-
After calculating the reduced E-DPDCH gain factors, if E-TFCIi is smaller than or equal to E-TFCIec,boost, quantization according to table 1B.2 in [3] subclause 4.2.1.3 may be applied, or if E-TFCIi is greater than E-TFCIec,boost, quantization according to table 1B.2B in [3] subclause 4.2.1.3 may be applied, where each ed,k,reduced is quantized such that ed,k/c is the largest quantized value for which the condition ed,k ( ed,k,reduced holds. 
-
In case a DPDCH is transmitted, if any ed,k,reduced/c is less than the smallest quantized value of Table 1B.2 in [3] subclause 4.2.1.3, DTX may be used on that E-DPDCH (E-DPCCH is, however still transmitted using ec). 
-
In case no DPDCH is transmitted and regardless of the applied uplink modulation, if any ed,k,reduced/c is less than ed,k,reduced,min /c, that ed,k shall be set to ed,k,min such that ed,k,min/c = min (ed,k,reduced,min /c, ed,k,original/c), where ed,k,original denotes the E-DPDCH gain factor before reduction.
Dual transport block transmission (MIMO)
-
Also if the UE is transmitting both a set of E-DPDCHs and a set of S-E-DPDCHs, the UE shall reduce all the E-DPDCH and S-E-DPDCH gain factors ed,k and sed,k by an equal scaling factor to respective values ed,k,reduced and sed,k,reduced so that the total transmit power would be equal to the maximum allowed power,

-
if any ed,k,reduced/c is less than ed,k,reduced,min /c, that ed,k shall be set to ed,k,min such that ed,k,min/c = min (ed,k,reduced,min /c, ed,k,original/c), where ed,k,original denotes the E-DPDCH gain factor before reduction,
-
if any sed,k,reduced/c is less than ed,k,reduced,min /c, that sed,k shall be set to sed,k,min such that sed,k,min/c = min (ed,k,reduced,min /c, sed,k,original/c), where sed,k,original denotes the S-E-DPDCH gain factor before reduction,

-
ed,k,reduced,min is configurable by higher layers.
Addional scaling rules applicable to both non-MIMO and MIMO transmissions
-
In the following cases, the UE shall then apply additional scaling to the total transmit power so that it is equal to the maximum allowed power:

· if a DPDCH is transmitted and the total UE transmit power would still exceed the maximum allowed value even though DTX is used on all E-DPDCHs;

· if no DPDCH is transmitted and the total UE transmit power would still exceed the maximum allowed value even though ed,k is equal to ed,k,min for all k.

-
Any additional scaling of the total transmit power as described above shall be such that the power ratio between DPCCH and DPDCH, between DPCCH and HS-DPCCH, between DPCCH and E-DPCCH, and between DPCCH and S-DPCCH, remains as required by subclauses 5.1.2.5, 5.1.2.5A, 5.1.2.5B.1, and 5.1.2.5D, and such that the power ratio between each E-DPDCH and DPCCH remains as required by ed,k,min/c if DTX is not used on E-DPDCH. Any slot-level scaling of ed or DTX of E-DPDCH as described above is applied at layer 1 only and is transparent to higher layers. 
-
If the UE is transmitting both a set of E-DPDCHs and a set of S-E-DPDCHs, the UE shall reduce all the E-DPDCH and S-E-DPDCH gain factors ed,k and sed,k by an equal scaling factor to respective values ed,k,reduced and sed,k,reduced so that the total transmit power would be equal to the maximum allowed power and the rule that sed,k,reduced is equal to ed,k,reduced is always kept.
 -  Additionally, if HS-DPCCH reduction is activated, after the following 3 steps power scaling, the UE shall then apply additional scaling to the total transmit power so that it is equal to the maximum allowed power:
1. if a DPDCH is transmitted and the total UE transmit power would still exceed the maximum allowed value even though DTX is used on all E-DPDCHs;
2. if the total UE transmit power would still exceed the maximum allowed value after decreasing HS-DPCCH gain factor until DTX on HS-DPCCH;

       -  The additional scaling of the total transmit power after above three steps shall be applied so that it is equal to the maximum allowed power. The additional scaling shall be such that the power ratio between DPCCH and DPDCH, remains as required by subclauses 5.1.2.5, 5.1.2.5A.
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