
3GPP TSG-RAN WG4 Meeting #79                                      R4-163297
Nanjing, China, 23 - 27 May 2016
Agenda item:
6.13.2.2
Source: 
ZTE Corporation
Title: 
Discussion on the Tx Gaps for frequency error correction and the effective battery capacity for NB-IOT 
Document for:
Discussion
1. Introduction
In the WG4 Meeting #78-NB-IoT,  a WF[1] and an LS[2] were formed regarding the uplink gaps for frequency error correction. The WF[1] addressed as bellow:
· Frequency error should be kept within±0.1ppm for NB IOT in extended coverage mode.

· Companies are encourage to investigate further relaxations for RAN4 #79

· Transmission period  X should be [256]ms.
Based on the discussions on the pulse drain impact on cell battery capacity, this document propose to reuse the ±0.1ppm for NB IOT in extended coverage mode so as to decrease the UE’s retransmission times, and propose that the transmission period X should be decided according to both the frequency offset correction requirement and the battery’s capacity characters under high pulse drain. 
2. Battery’s capacity characters under high pulse drain
2.1 The capacity variation of the coin cell battery under high pulse drain[3]
To let the Bluetooth effectively use the battery power, the paper [3] revealed the law of Battery capacity vs. pulse duty cycle based on huge amount of test data. The graphs in Figure 1(a)~(d) show the average drain rates of CR2032 cells when subjecting them to pulse drains of 30 mA with different pulse periods. In Figure 1(a)~(d), the Vload denotes the voltage under 30 mA pulse (the pulse duration or the pulse width is 1ms) battery drain, the Vidle denotes the voltage between the pulses, 3.1 mA-cont denotes the voltage under continuous current drain, the IR denotes the internal resistance.  
Figure 1(a) shows that if the battery is subject to a 30 mA pulse load every 10 ms (similar to the shortest connection intervals for Bluetooth low energy) it has a severe impact on the likely battery capacity. Following the Vload curve in Figure 1(a) it can be see that during the pulses a 2.0 V FEP will be reached after approximately 125 mAh of the battery capacity is spent, essentially halving the nominal CR2032 battery capacity specified in the data sheet.
The continuous current curve in Figure 1(a)~(d) shows that: though the battery drain curve of a continuous current with similar amplitude value to the average drain current of the pulsed load, the battery capacity for pulsed load is much less than the capacity for continuous current load. 
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Figure 1(a) Capacity variation of CR2032 coin cell battery with different Battery drain and Pulse duty cycle (from Figure 5(A) in [3])
As the pulse period is extended in Figures 1(b) and (c) the average current consumption drops and more battery capacity can be utilized. But as the battery capacity approaches 200 mAh, the battery is no longer able to keep up with the high peak current, and once this limit is reached, extending the pulse period further actually doesn’t give increased battery capacity. 
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Figure 1(b) Capacity variation of CR2032 coin cell battery with different Battery drain and Pulse duty cycle (from Figure 5(B) in [3])
[image: image3.png]30 mA Pulse (1 mSec ON / 24 mSec OFF)
100 uA Background

w=1.3mA cont =——Vidle =———Vload =——IR

50 100 150 200
Capacity (mAh)

IR (ohms)




Figure 1(c) Capacity variation of CR2032 coin cell battery with different Battery drain and Pulse duty cycle (from Figure 5(C) in [3])
Figure 1(d) shows that even with a further extended pulse period, the average capacity is actually slightly lower than in Figure 1(c).
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Figure 1(d) Capacity variation of CR2032 coin cell battery with different Battery drain and Pulse duty cycle (from Figure 5(D) in [3])
From figure 1(a)~(d), the following observation can be obtained:

Observation 1: The battery capacity for pulsed drain is significantly less than that for continuous drain with the same value as the average of the pulsed drain.

Observation 2: Increase the pulse drain interval/period to a reasonable range can significantly increase the battery capacity. For the CR2032 coin cell battery, the reasonable range is from 10ms to at least 24ms. For the 1ms pulse drain duration, the ratio range of pulse drain interval to pulse drain duration is from 10 to ea least 24.
Following the 75 ms curve in Figure 2 shows that at 150 mAh, the battery voltage during load is still at 2.2V, and there is still about 25 mAh capacity left. But if the wireless device needs to enter link up mode or other circuitry (for example, an LED) is turned on, the pulse interval may suddenly be reduced; the drain characteristic will now follow one of the shorter pulse period curves. To illustrate the point, let’s assume the application changes to a 10 ms pulse period. After 150 mAh of capacity has been drained, the battery won’t be able to sustain this current increase. The 10 ms curve in Figure 2 shows that the battery is beyond the 2.0 V FEP when supplying a pulse every 10 ms, and the application will fail/reset. 
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Figure 2 Capacity variation of CR2032 coin cell battery with different Pulse duty cycle (from Figure 7 in [3])

From figure 2, the following observation can be obtained:

Observation 3: Shorten the pulse drain interval of a battery without much capacity left may make the battery running down immediately.
2.2 The capacity variation of the LTC battery under continuous drain[4]
In the previous meeting of RAN4 and RAN1, there have been some discussions related to the battery’s capacity. The Lithium-thionyl-chloride (LTC) batteries were taken as example candidate battery for NB-IOT in [4], and the typical continuous discharge characteristic of a lithium-thionyl-chloride type battery operating at +25o. But no pulse discharge characteristic of LTC was given.
In [5][6], the Protocol flow assumptions was addressed for energy consumption analysis, but the battery’s capacity characters under high pulse drain was not considered.
Observation 4: The current discussion relating the battery character for NB-IOT is mainly focusing on

the average current assumes that the battery capacity found in a battery data sheet is fixed for all

conditions. The pulse drain influence, especially the pulse drain period influence on the battery capacity was not carefully treated. 

Probably, it is for the lack of the test data of a candidate NB-IOT battery’s capacity characters under high pulse drain. If so, the corresponding test work based on the pulse activity parameters of an NB-IOT link is needed.   
3. Battery’s pulse drain issue in UCG   
3.1 Frequency error
In the discussion on frequency errors in [7], it is recommended to investigate the expected length of NB-PUSCH bursts after which transmissions by HD-FDD NB-IoT UEs lead to an unacceptable demodulation error rate at the eNodeB. Also the document [8] addressed that Relaxing frequency error requirements will make overall end-to-end performance worse.
It is obvious that: the frequency error greater than ±0.1ppm will led to higher demodulation BER especially in the case of MCL=164dB ; the higher demodulation BER causes more retransmission times; the more retransmission times results in more battery consumption and shorter battery life time.
Observation 5: The frequency error should be kept within±0.1ppm for NB-IOT in extended coverage mode, otherwise the demodulation performance will be worse and thus the retransmission which as pulse drain to the battery will be increased. So, to keep the battery work for a longer time, the frequency accuracy should not be relaxed. 
3.2 Transmission period X and UL transmission gap duration Y
In [1], transmission period X was proposed as [256]ms. This value was decided on the required frequency accuracy and the characters of the XO’s frequency drift with temperature. Since the battery experienced a pulsed drain in the transmission period, so we can get:  
Observation 6: The value of transmission period X should based on both the frequency accuracy requirement and the battery’s pulse drain characters. The exact value of X is FFS
In [9], the UL transmission gap duration Y was estimated approximately [60]ms. This value is based on the time required by the frequency tracking algorithm. Considering the observation 2, the UL transmission gap duration Y should include the frequency tracking duration T and a battery rest duration R. The adoption of battery rest duration R can cope with the battery’s pulsed drain character and thus more effectively use the capacity.

Observation 7: The UL transmission gap duration Y should include the frequency tracking duration T and a battery rest duration R. The frequency tracking duration T should be approximately [60]ms, and the value of battery rest duration R is FFS.

4. Proposal
Based on the above Observation, the following were proposed:

Observation 5: The frequency error should be kept within±0.1ppm for NB-IOT in extended coverage mode, otherwise the demodulation performance will be worse and thus the retransmission which as pulse drain to the battery will be increased. So, to keep the battery work for a longer time, the frequency accuracy should not be relaxed.
Observation 6: The value of transmission period X should based on both the frequency accuracy requirement and the battery’s pulse drain characters. The exact value of X is FFS.

Observation 7: The UL transmission gap duration Y should include the frequency tracking duration T and a battery rest duration R. The frequency tracking duration T should be approximately [60]ms, and the value of battery rest duration R is FFS.
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