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1 Introduction

UE power scaling procedure updates due to the introduction of heterogeneous networks and further EUL (F-EUL) enhancements were discussed at RAN1#78bis. A number of issues were raised and it became clear that this area would benefit from some more thinking and clarifications in the specs. An e-mail discussion was initiated 78bis-30 based on the CR [2]. The outcome from the e-mail discussion was to continue the discussion and reach a final decision at RAN1#79.
In this contribution we provide our view on how the power scaling procedure should be updated due to the introduction of DPCCH2. The updates are made on top of [1], since that CR changes the structure of the relevant part of the specifications.
2 Discussion
One remaining issue to solve for the introduction of DPCCH2 in Release 12 is the power scaling procedure. The current proposal [2] suggests scaling DPCCH and DPCCH2 by an equal amount, and furthermore allowing DTX of DPCCH2 in multi-RAB scenarios in slots where no HS-DPCCH information is sent.
DPCCH2 would typically be configured in scenarios with large UL/DL imbalance, where the uplink pathloss towards the serving Macro cell is much larger than towards a non-serving LPN cell. In this case the DPCCH is essentially power controlled by the ‘closest’ LPN, while DPCCH2 is power controlled by the serving Macro cell. Hence, the DPCCH2 will in general consume much more power than DPCCH, and cause significantly more interference than DPCCH. The main purpose of configuring DPCCH2 is to ensure reliably received DL feedback related info on the HS-DPCCH in the serving cell.
Our main concern is the significant cost of DPCCH2 in multi-RAB scenarios, that is, we question whether a potentially very costly HS-DPCCH ACK should be as important as securing DPDCH (voice and SRB). In our view, it seems more reasonable to always scale down DPCCH2 before DPCCH in a multi-RAB scenario.
Another aspect relates to interference characteristics and channel estimation quality issues by allowing an abrupt DTX of DPCCH2. More specifically, one could end up in cases where a relatively strong DPCCH2 is abruptly DTXed now and then (whenever CQI is DTXed or no ACK/NACK is transmitted). This might lead to a rapidly and large change in interference characteristics and might also negatively affect the quality of channel estimation based on time-averaging. Furthermore, abrupt DTX of the power hungry DPCCH2 might free up a lot of power, so a natural question is what to do with this power.
Hence, in our opinion the proposed power scaling for multi-RAB with DPCCH2 configured should be updated to reflect that DPCCH2 should be scaled down before DPCCH. This would also mean that special considerations related to HS-DPCCH overhead reduction are not needed in this case. The HS-DPCCH will simply follow the DPCCH2 that is scaled down. 
For configurations without DPDCH there are no strong arguments to favour DPCCH or DPCCH2, and it makes sense to scale DPCCH and DPCCH2 equally. Similarly, the current handling of E-DPDCH power scaling should be kept.
Proposal: For DPCCH2 power scaling, adopt the procedure described in Section 5 below.
The basis for the CR text in Section 5 is the CR [1] agreed at RAN1#78bis. It becomes quite messy with different CRs changing the text (and structure) in the same parts of the specification, so it seems easiest to update this old CR to a new revision and include these new additional changes and approve the new revision and send to RAN. However, we are open to other suggestions on how to formally incorporate any text in this area into the specifications.
3 Conclusion

This contribution has discussed the power scaling procedure for DPCCH2, and an updated procedure text has been proposed in Section 5. The main objective has been to prioritize DPCCH over DPCCH2 for multi-RAB scenarios.
Once it has been decided how to capture the specification changes a formal CR or an update to an existing CR can be prepared.
Proposal: For DPCCH2 power scaling, adopt the procedure described in Section 5 below.
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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, or between DPCCH2 and HS-DPCCH if DPCCH2 is configured, and between DPCCH and S-DPCCH remains as required by subclause 5.1.2.5, 5.1.2.5A, and 5.1.2.5D. In addition, scaling to the transmit power shall be such that the power ratio between DPCCH and DPCCH2 remains fixed if DPCCH2 is configured.
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. If DTX is used on all E-DPDCHs then DTX is also used on E-DPCCH, else E-DPCCH is still transmitted using ec.
-
When DPCCH2 is configured, if DTX is used on all the E-DPDCHs and on the E-DPCCH and the total UE transmit power still exceeds the maximum allowed value, the UE shall reduce the power of DPCCH2 until DTX or the total transmit power equals the maximum allowed power. 
- 
When the UE is configured with HS-DPCCH overhead reduction Type 1 and DPCCH2 is not configured, if DTX is used on all the E-DPDCHs and on the E-DPCCH and the total UE transmit power still exceeds the maximum allowed value, UE shall reduce HS-DPCCH gain factors hs to hs, reduced in a slot in which CQI is transmitted so that the total transmit power would be equal to the maximum allowed power. If this slot contains the start of a CQI transmission, then CQI value 0 shall be transmitted instead of the computed CQI report. After calculating the reduced HS-DPCCH gain factors, quantization according to table 1A in [3] subclause 4.2.1.2 may be applied, where hs, reduced is quantized such that hs /c is the largest quantized value for which the condition hs ( hs, reduced holds. If any hs, reduced /c is less than the smallest quantized value of Table 1A in [3] subclause 4.2.1.2, DTX may be used on that CQI field of HS-DPCCH.
-
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.

-
After calculating the reduced E-DPDCH and S-E-DPDCH gain factors, 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, and sed,k,reduced is set to the same value as the quantized ed,k,reduced.
-
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.
Additional 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 and the E-DPCCH, and on DPCCH2 and HS-DPCCH if DPCCH2 is configured or on the CQI field of HS-DPCCH if the UE is configured with HS-DPCCH overhead reduction Type 1.
-
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 if DTX is not used on CQI field of HS-DPCCH or between DPCCH2 and HS-DPCCH if DPCCH2 is configured and DTX is not used onDPCCH2 and HS-DPCCH, between DPCCH and E-DPCCH if DTX is not used on 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, and such that the power ratio between DPCCH and DPCCH2 remains fixed if DPCCH2 is configured and DPCCH2 is not DTXed. Any slot-level scaling of ed , DTX of E-DPDCH, DTX of E-DPCCH, DTX of DPCCH2, DTX of HS-DPCCH or DTX of the CQI field of HS-DPCCH 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.
Two uplink frequencies configured for E-DCH
When Secondary_EDCH_Cell_Active is 1,
-
If the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall start by reducing all the E-DPDCH gain factors ed,k on the frequency with highest DPCCH power 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.
-
If ed,k,reduced/c is less than ed,k,reduced,min /c then 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 and ed,k,reduced,min is individually configured by higher layers for each frequency.
-
The UE shall then apply the same procedure on the uplink frequency with second highest DPCCH power.
-
If ed,k,min/c = min (ed,k,reduced,min /c, ed,k,original/c) for all activated uplink frequencies, any additional scaling of the total transmit power shall be such that
-
the power ratio between DPCCH and HS-DPCCH or between DPCCH2 and HS-DPCCH if DPCCH2 is configured, and between DPCCH and E-DPCCH, for each activated uplink frequency remains as required by subclauses 5.1.2.5, 5.1.2.5A and 5.1.2.5B.1, and such that the power ratio between each E-DPDCH and DPCCH remains as required by ed,k,min/c and

-
the power ratio between DPCCH on the activated frequencies remains unchanged.

Additional generic power scaling rules
Any scaling, and any reduction in the E-DPDCH gain factor as described above, shall only be applied or changed at a DPCCH slot boundary. In order that the total UE transmit power does not exceed the maximum allowed value the scaling or E-DPDCH gain factor reduction shall be computed using the maximum HS-DPCCH power transmitted in the next DPCCH slot. In the case that either an ACK or a NACK transmission will start during the next DPCCH slot, the maximum HS-DPCCH power shall be computed using one of the following: 

a)
whichever of ACK and NACK will be used according to whether the transmission will be ACK or NACK, or 

b)
whichever of ACK and NACK is the largest.

When transmitting on a DPCH the UE is not required to be capable of reducing its total transmit power below the minimum level required in [7]. However, it may do so, provided that the power ratio between DPCCH and DPDCH, between DPCCH and HS-DPCCH or between DPCCH2 and HS-DPCCH if DPCCH2 is configured, and between DPCCH and S-DPCCH remains as specified in sub clause 5.1.2.5, 5.1.2.5A, and 5.1.2.5D. Some further regulations also apply as follows: In the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would be at or below the total transmit power in the previously transmitted slot and also at or below the required minimum power specified in [7], the UE may apply additional scaling to the total transmit power, subject to the following restrictions:

-
The total transmit power after applying any additional scaling shall not exceed the required minimum power, nor the total transmit power in the previously transmitted slot;

-
The magnitude of any reduction in total transmit power between slots after applying any additional scaling shall not exceed the magnitude of the calculated power reduction before the additional scaling.

In the case that the total UE transmit power in the previously transmitted slot is at or below the required minimum power specified in [7] and the DPCCH power adjustment and gain factors for the current slot would result in an increase in total power, then no additional scaling shall be used (i.e. power control shall operate as normal).

If the UE applies any additional scaling to the total transmit power as described above, this scaling shall be included in the computation of any DPCCH power adjustments to be applied in the next transmitted slot.

-------------------------------------------------------- TEXT OMITTED ----------------------------------------------------------------

2/5


