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1
Introduction
In RAN1#65, the following was agreed and minuted:

UL CLTD is not supported for RACH (preamble and R99 message part)
Decide at RAN1#66 regarding other support of UL CLTD in Cell_FACH.
This contribution analyzes UE current consumption impact due to UL CLTD assuming a certain Tx power gain with UL CLTD. In particular, since it is expected that UEs operating in CELL_FACH will have smaller grants compared to users in CELL_DCH and hence operating at smaller transmit powers, the impact is even larger.
2
Assumptions
As shown in [2], 2 PAs will be needed to support UL CLTD. The question is what types of PAs can be assumed for UL CLTD. The following 3 configurations can be considered assuming the same UE maximum output power (24 dBm) as in the non-ULTD legacy UE:
· 2 Full Power PAs

· 1 Full Power PA + 1 Half Power PA

· 2 Half Power PAs

The full power PA is a PA sized to transmit a maximum output power of 24 dBm at the antenna port. The half power PA is a PA sized to transmit a maximum output power of 21 dBm at the antenna port.

As addressed during OLTD study [2], 2 half power PAs might be problematic for PRACH coverage, since the UE is expected to transmit from one antenna only during RACH. Therefore, we will assume only the following 2 cases for current consumption analysis in this document.
· 2 Full Power PAs

· 1 Full Power PA + 1 Half Power PA

The current consumption for a full power PA and a half power PA used for the analysis is shown in Figure 1. We assumed 3 gain-state APT (Average Power Tracking) PA for all the PAs in the analysis to improve its efficiency during CLTD mode. The assumptions in the PAs used in the analysis are following:
· 3 gain-state APT PA

· Low-Mid gain state transition is between 2-3 dBm

· Mid-High gain state transition is between 12-13 dBm

· A half power PA assumes the same efficiency at the maximum power (21 dBm) as the full power PA at the maximum power (24 dBm)
· 3.5 dB post-PA insertion loss

· 3.7 V at the PA
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Figure 1: Current consumption for a full power PA and a half power PA

3
Current Consumption Analysis

Current consumptions for a ULTD UE using 2 full power PAs are compared in Figure 2 with respect to the non-ULTD legacy UE using a full power PA. It should be noted that the current consumption below includes the pre-PA current consumption that drives the Tx chain till the input of the PA. The current consumption in the baseband has not been included, since it is expected that the current consumption in the baseband for a CLTD UE is almost the same as for a legacy non-ULTD UE. Current consumption gains are shown for the case of CLTD gain of 1 dB, 2 dB and 3 dB. With 2 dB CLTD gain for example, when the legacy UE transmits at 24 dBm, the CLTD UE transmits at 19 dBm at each antenna port (resulting in total 22 dBm). 
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Figure 2: Current consumption gain compared to non-ULTD legacy UE assuming the use of 2 full power PAs
Current consumptions for a ULTD UE using 1 full power PA and 1 half power PA are compared in Figure 3 with respect to the non-ULTD legacy UE using a full power PA. Current consumption gains are shown for the case of CLTD gain of 1 dB, 2 dB and 3 dB.
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Figure 3: Current consumption gain compared to non-ULTD legacy UE assuming the use of 1 full power PA and 1 half power PA
As shown in Figure 2 and Figure 3, it should be noted that there is significant additional current consumption compared to the legacy UE in low and mid UE transmit power ranges ( up to 15 to 19 dBm). This is highly undesirable from a UE experience point of view. It should be noted that when UE operates in low/medium transmit power range, the current consumption impact is due to other RF components in the second transmit chain rather than the 2nd PA. The battery life gain/loss transition point is dependent on UE implementation and the choice of a PA. 

In CELL_FACH data transmissions corresponding to transmission of small bursts of data coupled with the fact that CELL_FACH UEs are given smaller grants compared to CELL_DCH leads to a very high probability of a UE operating in low to medium UE transmit power range. In [3],[4] it is proposed to introduce a signaling mechanism to turn on/off CLTD feature depending on the UE’s transmit power operating point. The measurements needed to determine the transmit power would correspond to 100’s of ms (similar to what is reported in existing RRM messages related to UE transmit power reporting) to reliably signal from the UE whether to enable/disable the feature. Since it is expected that a UE will hold onto the common E-DCH resource in CELL_FACH for a small amount of time when it accesses the network (eg. ~50ms to 100ms), it is infeasible to perform reliable measurements in such a short period to allow the network to dynamically enable/disable the feature. Also, as correctly pointed in [5], there are a few drawbacks related to introduction of UL CLTD for Common E-DCH.

Based on the above discussion we propose the following:

Proposal: UL CLTD is not supported in CELL_FACH state.
4
Conclusions
This contribution has analyzed UE current consumption impact due to UL CLTD assuming a certain Tx power gain with UL CLTD. It has been shown that there is significant battery life impact compared to the legacy UE in low and mid UE transmit power ranges.
Based on the analysis and discussion provided here we propose the following:

Proposal: UL CLTD is not supported in CELL_FACH state.
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