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1. Introduction
Transmit timing accuracy in Rel-13 eMTC CE mode B is still not agreed. In RAN4 #80, way forward [1] was agreed to investigate transmit timing accuracy. In this contribution, we provide simulation results and analysis to show that transmit timing accuracy needs to be relaxed for CE mode B.
2. Discussion 
2.1. Challenges in maintaining transmit timing accuracy in CE modeB 

RAN4 concluded that the UE should be able to maintain the same transmit timing accuracy in CE mode A as legacy LTE with system BW of 1.4MHz. However, the transmit timing accuracy requirement for CE mode B is still open. One big difference between CE mode A and CE mode B is their Es/Iot range. In CE mode B, UE can be in enhanced coverage and the Es/Iot can be as low as -15dB. Compared to this in CE mode A, Es/Iot is expected to be -6dB. This difference of 9dB has multiple ramifications because of which achieving the a transmit timing accuracy similar CE mode A is challenging in CE mode B. We list the issues here.

2.1.1.  Frequency error 
With Es/Iot = -15dB, the signal is buried deep under noise. Even in the optimistic case of AWGN single path channel, CRS processing gain can provide only 10*log10(12) ~10dB gain (12 CRS tones in 6RBs). That still leaves channel buried 5dB under noise floor. In contrast, in CE mode A channel after CRS processing would be 4dB above noise floor. Thus, in order to identify timing of DL signal, UE needs to further rely on temporal processing. Note that to achieve the same level of quality of channel in CE mode B as in CE mode A, roughly 8 times more temporal processing is required.  
Observation 1: Temporal processing of channel estimates is necessary to distinguish signal from noise in order to reliably detect timing. CE mode B would need at least 8 times longer temporal processing than CE mode A.

However, coherent temporal processing will have limited/no/negative gain if the UE’s frequency error is large (which is often the case when the UE wakes up in DRX or is trying to attach to a different cell). If the SNR is good, say like in CE mode A, then the frequency error converges quickly to within a small value (around ±20Hz). However, in bad SNR conditions, like in CE mode B, frequency error takes very long to converge, and has a much larger compared to CE mode A (around ±50Hz)  (see Figure 1).Thus, in CE mode B, UE will take much longer in observing the benefit of temporal processing than in CE mode A.  
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Figure 1. UE frequency error as a function of number of subframes since wake-up, assuming an initial frequency error of 300Hz

Observation 2: UE frequency error takes much longer to converge in CE mode B compared to CE mode A. Frequency error in mode B has larger jitter. Hence, the gains of temporal processing can be observed after much longer time and gains are smaller compared to mode A.
Both Observation 1 and 2 point to the fact it would much longer to reliably detect signal from noise at the time of wake-up. Hence, a UE will need to warm-up for much longer periods in mode B compared to mode A to achieve similar accuracy in initial UL timing. Figure 2 shows the time required for a UE to reliably detect timing in a benign AWGN channel when the SNR is -15dB and -6dB SNR. Note that, first of all it takes longer for the UE to eliminate residual timing at SNR levels of -15dB compared to -6dB. Secondly, even after a very long time the error is not settled to within 8Ts (1/2 sample). A sample trajectory of residual timing error is shown in Figure 3.

[image: image2.png]erage absolute residual timing error in AWGN channel with initial timing error = 2.5samples
T T T T T T T T T

4

—+—SNR = 608
—+—SNR=-15d8

ing error [Samples at 1.92MHz]

A — % T ST OO, |
400 500 600 700 500 900 1000

Nurnber of Subfames




Figure 2. Average absolute residual timing error as a function of number of subframes
Note that one of the intents of designing BL/CE UE’s was to make them power efficient. If initial the transmit timing accuracy requirement is too tight, then UE will spend a substantial amount of time in warm-up. This will simply defeat the intent (power saving) with which BL/CE UEs are supposed to be designed. Further, due to larger the variance in initial transmit timing is also likely to be larger as observed in Figure 3.
Observation 3: Timing error takes longer to converge in CE mode B, and has larger variance compared to CE mode A. Even after a very long time timing error may not converge to 24Ts.

[image: image3.png]Residual timing error as a function of time since wake up in AWGN channel at SNR =-15
25¢ T T T T T T T T T

g error [samples at 1.92MHz]
T
i

05 i i | i i i i L i
(] 200 400 600 500 1000 1200 1400 1600 1800 2000

Number of subframes





Figure 2.

2.1.2. Limited time resolution
Another aspect that makes achieving the same transmit timing accuracy in eMTC UEs more challenging compared to legacy is the lack of time resolution. There are 12CRS tones in 6RBs. The time domain channel response with an IFFT of size 16 will have time resolution of 0.694us which is 4/3*16Ts. Unlike legacy LTE UEs, which will have hardware supporting larger FFT sizes (for larger BW), and hence can achieve better resolution (even for 1.4Mhz), eMTC UEs may not have that option. Further, the upfront resampler also is limited by 16Ts (since each sample at 1.92MHz is 16Ts) and unlike legacy LTE UE, eMTC UEs may not have the option to perform fractional resampling. Given the above, it is apparent that maintaining an accuracy of 24Ts is fairly challenging in eMTC. With 16Ts resolution, even with perfect timing error in timing can be no less ±8Ts. If an additional one sample error occurs, then the UE is already at the edge of ±24Ts. As noted in Section 2.1.1, in CE mode B, there is going to be larger variance in timing accuracy compared to CE mode A, hence it is very likely that UEs in CE mode B will exceed the ±24Ts requirement. Hence, we have the following proposal

Proposal 1: Relax the uplink transmit timing accuracy requirement for CE mode B to ±48Ts.
2.2.  Impact of relaxed timing accuracy

We would now like to review the impact of relaxing UL transmit timing accuracy. First of all, we would like to note that only eMTC UE’s that are in CE mode B (enhanced coverage) will have the relaxed requirement. This is unlike NB-IoT, where all UEs irrespective of their coverage level have the relaxed requirement. Thus, the number of UEs that will have the relaxed requirement will be limited. Secondly, the UEs that have the relaxed requirement are already in bad coverage, i.e., the uplink SNR of such UEs is also low. The interference caused by such UEs due to their relaxed timing is likely to be lower. Hence relaxing UL transmit timing accuracy for UE’s in CE mode B will not have any drastic impact on UL performance. It will allow UE’s to be more power efficient and hence will aid the eMTC eco-system in deploying CE mode B.
3. Conclusion 

In this contribution, we make the following observations and make the following proposals

Observation 1: Temporal processing of channel estimates is necessary to distinguish signal from noise in order to reliably detect timing. CE mode B would need at least 8 times longer temporal processing than CE mode A.

Observation 2: UE frequency error takes much longer to converge in CE mode B compared to CE mode A. Frequency error in mode B has larger jitter. Hence, the gains of temporal processing can be observed after much longer time and gains are smaller compared to mode A.

Observation 3: Timing error takes longer to converge in CE mode B, and has larger variance compared to CE mode A. Even after a very long time timing error may not converge to 24Ts.

Proposal 1: Relax the uplink transmit timing accuracy requirement for CE mode B to ±48Ts.
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