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1 Introduction
At RAN#50 a work item on ULTD operation was opened. At RAN1#63bis and RAN1#64 a number of agreements related to pilot and ILPC design were made. However, some of the details related to the design of CLTD are still open. In this paper we discuss power-scaling for CLTD. 
2 Discussion

2.1 Existing power scaling procedures

The existing power scaling procedures are described in section 5.1.2.6 in [1]. More specifically 
· For UEs with one activated uplink frequency the gain factors of E-DPDCH(s) ed,k are reduced by an equal scaling factor. The reduced gains factors are referred to as ed,k,reduced. If the required transmissions power exceeds the total maximum power even though the UE has reduced the gain factors so that ed,k,reduced = ed,k,min, then the UE applies equal scaling for all physical channels. This means that the ratio between the physical channels (E-DPDCH(s), E-DPCCH,…) remains constant until the total required transmit power meets the maximum UE transmit power.

· For UEs with two active uplink frequencies the UE starts by reducing the E-DPDCH gain factors on the frequency associated with highest DPCCH power by an equal factor so that the reduced gain factors result in a that the UE does not exceed the maximum power. 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, then any additional scaling of the total transmit power shall be such that:
· The power ratio between DPCCH and HS-DPCCH, and between DPCCH and E-DPCCH, for each activated uplink frequency remains as required by sub-clauses 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 frequencies remains unchanged.
2.2 Power scaling for CLTD
Compared to the existing releases, CLTD requires that an additional uplink pilot is transmitted. This pilot is referred to as the secondary DPCCH (S-DPCCH) and it will be used for:

· Channel sounding: In order to determine suitable pre-coding vectors the Node-B needs to determine an estimate of the radio channel. To estimate the components of this matrix two uplink pilots needs to be transmitted. During the previous RAN1 meetings it has also been noted (see e.g. [2]) that the relative transmit power between the pilots needs to be known in order to estimate channel. From a channel sounding point of view it would therefore be desirable if the ratio of transmit power remains constant between the DPCCH and the S-DPCCH.
· Data demodulation: Since all physical channels except the S-DPCCH pilot are pre-coded with the same vector architectures where the DPCCH alone is used for demodulation while the S-DPCCH is used for channel sounding purposes. Note that solutions where both the DPCCH and the S-DPCCH are used for demodulation is possible. 
To minimize the impact on functionality associated with the channel sounding in the Node-B our preference would be that the power scaling procedures is defined in such a way so that the power ratio between the DPCCH and S-DPCCH always remained constant. This can be achieved by extending the Rel-6 power scaling behaviour, i.e.
· The UE first scale the gain factors of the E-DPDCH(s). 

· If these ed,k,reduced = ed,k,min then the UE scales all physical channels (i.e. both the DPCCH and the S-DPCCH) so that the relative ratio remains constant. 

Another benefit of this approach is that it would have minimal impact on the specification. The required modifications are described in Appendix
3 Conclusions
This paper has discussed power scaling procedures for CLTD UEs. Our preference for power scaling would be an approach where a power limited UE:
· Initially apply equal scaling to the E-DPDCH gain factor(s). 

· If the required transmit power is exceeded even though ed,k,reduced = ed,k,min for all E-DPDCHs the UE apply equal scaling so that 

· The ratio between DPCCH and S-DPCCH, DPCCH and DPDCH, DPCCH and E-DPCCH, as well as DPCCH and E-DPDCH remain constant. 

It is proposed to agree on the power scaling procedure described above.
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5 Appendix 

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 and also DPCCH and HS-DPCCH remains as required by sub-clause 5.1.2.5 and 5.1.2.5A. 
When E-DCH is configured on a single frequency or E-DCH is configured on multiple frequencies but Secondary_EDCH_Cell_Active is 0, 
- 
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 configured, 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 configured 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 and ed,k,reduced,min is configurable by higher layers. 
-
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 configured 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 configured 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 S-DPCCH, between DPCCH and DPDCH, between DPCCH and HS-DPCCH, and between DPCCH and E-DPCCH, remains as required by sub-clauses 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 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.

When Secondary_EDCH_Cell_Active is 1,
[Text omitted]







































































































































































































































































































