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Discussion and decision
1. Introduction
In previous meetings, the need for a new trigger to report power headroom changes due to TX activity of other RAT had beed discussed. The general consensus was that the UE needs to report the event similarly as power headroom report for LTE pathloss changes. This contribution discusses 1xRTT voice activity that was main motivation of the new PHR, and its impact on LTE.
2. Discussion
2.1 Characteristics of 1xRTT voice channel
In 1xRTT, voice communication is provided by FCH(fundamental channel). 1xRTT FCH(fundamental channel) is optimized for voice transmission with 20ms long frame length, and 4 data rates: 9.6kbps, 4.8kbps, 2.7kbps and 1.5kbps. The transmission power of FCH is defined as additional gain to the reference channel, reverse link pilot channel, transmission power. The gain for each data rate is shown in table 1.
	Data rate
	TX power gain

	9.6kbps
	3.75dB

	4.8kbps
	-0.25dB

	2.7kbps
	-2.72dB

	1.5kbps
	-5.875dB


Table 1 Transmission power gain of 1xRTT FCH
The 1xRTT base station controls the transmission power of the reference channel once per 1.25ms to overcome interference and channel variations due to fading, shadowing, and so on. Therefore, actual transmission power of FCH would also vary following channel condition.

2.2 EVRC vocoder activity
The content of the the FCH is vocoder encoded voice packet with MAC header and trailer. EVRC (Enhanced Variable Rate CODEC), one of the most commonly used 1xRTT vocoders, generates voice packets with 4 different voice rates, full rate, half rate, quarter rate and eighth rate. Each EVRC voice rate is mapped to one of the 4 FCH data rates. (E.g, full rate EVRC encoded voice packet is mapped to the 9.6kbps FCH frame, half rate is mapped to 4.8kbps, quarter rate is mapped to 2.7kbps and eighth rate is mapped to the 1.5kbps.) If EVRC voice rate changes, the corresponding FCH transmission power also changes, and the amount of the power change depends on how dynamically the voice rate changes. E.g., if the EVRC voice rate changes from full rate to eighth rate, the transmission power of FCH varies 9.625dB, that is very rapid change.

Observation 1: The 1xRTT voice transmission power change depends on 1xRTT voice activity, and the amount of the change can be dynamic as 9.625dB at maximum.

If the voice activity changes rapidly, it should be reported to the LTE eNB to help UL scheduling on LTE side. But if the voice activity changes back to the original rate in very short time (e.g., within PHR prohibit timer period) after sending LTE PHR, the LTE eNB happen to assume wrong power headroom for a while. This kind of rapid rate change can be classified as spike-up or spike-down event of 1xRTT. Then immediately following question would be how frequent the spike-up and spike-down events may happen.
The following figure shows statistics of EVRC voice rates of fielded CDMA system that can provide hint on EVRC voice activity. [3] As most of the packets are full rate or eighth rate packets, the voice rate changes between the two voice rates are expected to happen frequently.
	
	Reverse Link
	Forward Link

	Full rate
	37%
	42.5%

	Half rate
	4.5%
	5.5%

	Quarter rate
	0%
	0%

	Eighth rate
	58.5%
	52%


Table 2 statistics of EVRC voice rates
The statistics or mathematical modelling is not enough to show the spike-up and spike-down events during real voice communication. The following figure 1 shows an example EVRC voice activity used for EVRC minimum performance test where a woman reads a sentence during 6 seconds (i.e., talk-spurt). Figure 2 shows same voice activity during one-sided conversation. (The x-axis is number of 20ms voice frames, and y-axis indicates voice rates in the figure.)
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Figure 1 EVRC encoder output during example talk-spurt
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Figure 2 EVRC encoder output during example one-sided conversation
It can be observed that quite frequent 1xRTT down-spike may happen during talk-spurt while 1xRTT up-spikes are relatively rare. Also it can be observed that the LTE PHR prohibit timer value needs to be very short (e.g., less than 50ms) if all of the above events should be reported to LTE.
Observation 2: Frequent down spike (means LTE Pcmax up-spike) during 1xRTT talk-spurt may happen.
If the the 1xRTT voice activity changes back and forth during short time, report for the event is not necessary reported to the LTE eNB. Especially the down-spike of 1xRTT (means short up-spike of LTE Pcmax) has less importance as the eNB can schedule more conservatively assuming the UE has less available resources without suffering from transmission error. But in the agreed CR [4], all the 1xRTT power changes trigger LTE power headroom report. It is proposed to ignore rapid down-spikes (additionaly up-spikes) of 1xRTT transmission power to limit number of PHRs.

Proposal 1: PHR due to the 1xRTT TX activity should be reported, but some of the 1xRTT event can be ignored to limit number of PHRs.
2.3 PHR report due to SAR limitation and pathloss

As explained in the section 2.1, the 1xRTT base station controls the transmission power of 1xRTT UL reference channel once per 1.25ms to overcome channel variations. In addition, the 1xRTT UL transmission power would change depending on the voice activity. The total UL transmission power change of 1xRTT will be addition of the two power changes due to pathloss changes and also voice activity changes. These two components are completely independent, and have different characteristics. Also as the two components are summed up, the varience of LTE power headroom can be more than doubled. (Additional 9.625dB varience due to voice activity change) Therfore, the new PHR cannot be triggered by the same threshold as LTE pathloss changes. It is proposed to introduce a new threshold other than dl-PathlossChange.
Proposal 2: The trigger for the new PHR should be controlled by a new threshold value.
3. Conclusion
This contribution discusses 1xRTT voice activity and its impact on the LTE PHR. As a conclusion, the followings are proposed:
Proposal 1: PHR due to the 1xRTT TX activity should be reported, but some of the 1xRTT event can be ignored to limit number of PHRs.
Proposal 2: The trigger for the new PHR should be controlled by a new threshold value.
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