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Discussion/Decision
1. Introduction

The Work Item on Further EUL Enhancements was agreed in the RAN#62 [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, a CQI reduction scheme 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]. In this contribution, we provide further considerations on UL control channel overhead reduction by means of DTX on HS-DPCCH for power limited multi-RAB scenario.
2. Discussion
A long CQI feedback cycle reduces the UL power consumption on a certain extent. However for cases when the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the scheme may not work well only by means of long CQI feedback cycle. 
In current specification TS 25.214 [3], the UE shall apply the following power scaling rules, for the case of single uplink frequency configured for E-DCH single transport block:

- 
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 [TS 25.213] 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 [TS 25.213] 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 [TS 25.213] 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.
Additional scaling rules:
-
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.
We summarize the above rules as some basic steps as follows:
Step 1: All the E-DPDCH gain factors are reduced. DTX may be used on E-DPDCH in case a DPDCH is transmitted.
Step 2: If the total UE transmit power would still exceed the maximum allowed value after Step 1, the UE shall then apply additional scaling of the uplink channels assuming the power ratio between DPCCH and other uplink channels remains unchanged.
In the case of multi-RAB scenarios, E-DCH and HS-DPCCH coexist with DCH in the uplink. According to the current specification, DTX may be used on that E-DPDCH before additional scaling is applied in power limited case if any ed,k,reduced is less than the smallest quantized ed,k value. Moreover, it was proposed in [4] that DTX is also used on E-DPCCH if DTX is used on all E-DPDCHs, since the E-DPCCH, containing control information for E-DCH, is not utilized and is occupying valuable power headroom.
HS-DPCCH power can be reduced before additional scaling is applied, if a compromise between DL HSPA performance and UL voice performance is expected. HS-DPCCH carries uplink feedback related to downlink data transmission, i.e. ACK/NACK and CQI/PCI, for which the gain factors are different. 
The transmission quality of CQI/PCI is foreseen to have little impact on the downlink scheduling assuming power limited case is infrequent. The assumption of UE falling into power limited is infrequence seems quite fair because NodeB may not send DL data to the UE if it remains UL power limited for a long period. If the CQI/PCI power is infrequently scaled, NodeB may derive a reasonable CQI/PCI from the previous CQI/PCI if the current CQI/PCI is received at a power lower than a detection threshold or considered as unreliable. Thus, CQI/PCI Tx power could be even reduced to zero.
The transmission quality of ACK/NACK is more directly linked to the relevant downlink transmission. DTX on ACK/NACK would result in Node B interpreting UE failed to decode the downlink scheduling and a L1 retransmission may occur. Alternatively, the ACK/NACK Tx power can be reduced to a value no lower than a minimum gain factor configured by higher layers, since the ACK/NACK Tx power may be higher than the required power for ensuring a certain detection quality in the case that DPDCH is transmitted with E-DPDCH. The ACK/NACK power offset would be set according to the DPCCH level of DPDCH only case while multi-RAB case would result in higher DPCCH level due to the support of high data rate via E-DPDCH, which further results in unnecessarily high ACK/NACK power.
In summary, HS-DPCCH power reduction can benefit the UL DPDCH traffic in case of multi-RAB scenario from compromising between DL HSPA performance and UL voice performance, which is similar to the existing compromise between UL HSPA performance and UL voice performance. It is proposed:
Proposal 1: Agree on HS-DPCCH power reduction in case of power limited multi-RAB scenario.
Proposal 2: CQI/PCI transmit power can be reduced to zero when HS-DPCCH power reduction is applied.
Proposal 3: ACK/NACK transmit power can be reduced to zero or a minimum gain factor configured by higher layers when HS-DPCCH power reduction is applied.

3. Conclusion
In this contribution, DTX on HS-DPCCH is discussed and it is seen as beneficial to the UL DPDCH traffic in case of power limited multi-RAB scenario from compromising between DL HSPA performance and UL voice performance, which is similar to the existing compromise between UL HSPA performance and UL voice performance. It is proposed:
Proposal 1: Agree on HS-DPCCH power reduction in case of power limited multi-RAB scenario.
Proposal 2: CQI/PCI transmit power can be reduced to zero when HS-DPCCH power reduction is applied.

Proposal 3: ACK/NACK transmit power can be reduced to zero or a minimum gain factor configured by higher layers when HS-DPCCH power reduction is applied.
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