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1		Introduction 
There is an ongoing RAN1/RAN4 discussion on prolonged uplink transmission in extended coverage mode for HD-FDD UEs and impact of uncorrected frequency error on UL performance. In the LS sent to RAN4, RAN1 has requested RAN4 input on the three parameters defining the uplink compensation gap (UCG): gap threshold, gap period, and gap length. The request is to investigate the maximum allowed duration of UL transmission before switching to DL in order to correct frequency error, and the minimum Tx gap length to correct the frequency error so that a fixed Tx gap can be configured by the network after a certain UL Tx duration. The current plan is for RAN4 to simulate and find the above for a certain target max frequency error drift during TX transmission and certain target residual frequency error after frequency correction. Simulations will assume worst case SNR corresponding to MCL=164dB to come up with the worst case tx duration and gap length.
2	Discussion
Network configuring one fixed UL Tx duration (i.e. repetitions) and one fixed Tx gap duration for all possible SNR scenarios is inefficient. The Tx duration and gap length will have to be designed for the worst case SNR scenario,  worst case frequency drift and worst case residual frequency error assumptions. This is inefficient for higher SNRs, lower frequency drift and lower residual frequency error cases since Tx duration may be unnecessarily shorter and Tx gap may be unnecessarily longer. Also network in unaware of the instantaneous changes in DL SNR at the UE and is also unware of (temperature-dependent) frequency drift and compensation mechanism in the UE. Moreover, currently NB-IoT has no measurement reporting support at all, so network is completely unaware.
Firstly, if network configures a fixed Tx gap and Tx duration for the UE for the worst case scenario, it could potentially also send early UE TX termination indication to UE on NPDCCH when UE tunes to DL for frequency error correction to allow UE power consumption saving if network is able to decode all UL TX sent before the TX gap. Thus if UE can successfully decode this “early-TX-termination” indication during frequency error correction in DL, it can terminate subsequent UL transmissions and save power. This aspect is worth discussing in RAN4 and see if companies want to introduce such capability in RAN4 which would involve sending an LS to RAN1 to request discussing and providing such early termination signaling.
Proposal 1: RAN4 should discuss having an ‘early-TX-termination’ indication from the network during frequency error correction in UL gaps and decide if RAN4 would want to send an LS to RAN1 to request discussing and providing such early termination signaling.
Alternatively, to avoid configuring worst case UL gap lengths and periodicities for all UEs, the network could potentially configure UE-specific TX duration and gap length either using explicit indication in Msg3 like RSRP or RSRQ, or, implicitly based on preamble sequence used by UE during PRACH, or using an explicit indication of UE-specific TX duration and gap configuration during RACH procedure. For explicit UE-specifc gap request by UE, the UE could maintain a look-up table of maximum UL Tx duration allowed for every possible frequency error drift which is a function of temperature since low-cost NB-IoT UEs are expected to use cheaper components and could drift at a faster rate. UE could also maintain a look-up table of minimum TX gap length needed for every possible frequency error drift which is a function of temperature and also DL SNR which determines the time duration for convergence of the frequency tracking loop. During RACH, UE can send an ‘m’-bit indication to the eNB to indicate length of continuous max UL TX duration it needs before a TX gap, and send an ‘n’-bit indication of minimum Tx gap length as well. Network can use this information to potentially schedule other UEs in that gap duration. Alternatively UE could send a ‘k’-bit pre-defined gap configuration ID where the pre-defined gap configuration ID assumes network has a look-up table of possible {TX duration, TX gap length} pair per gap configuration ID. Again this would involve sending an LS to RAN1 to request discussing and providing such signaling. If RAN4 decides to request UE-specific UL gap configuration using early-Tx-termination and/or specific gap configuration request, there could be a UE capability bit defined which can be signaled by UE to the network indicating whether it can support UE-specific TX repetitions and gap lengths or whether it can only support fixed gap lengths.
Proposal 2: RAN4 should discuss having UE-specific UL gaps configured for frequency error correction instead of UL gap configuration for worst-case SNR and and decide if RAN4 would want to send an LS to RAN1 to request discussing and providing such support.
Finally, some NB-IoT UEs may use a temperature compensated XO (TCXO) to compensate frequency drifts autonomously. So it should be allowed for the UE to autonomously compensate for frequency and timing drift due to temperature variation at pre-defined intervals when transmitting for a prolonged duration without the need for explicit gaps by the network. This approach can be viewed as a ‘zero-length-gap’ approach, i.e., UL gaps for frequency correction configured by network are of length zero. Autonomous frequency and timing correction could be allowed only after ‘u’ UL repetitions and only at subframe boundaries. The value of ‘u’ can be specified appropriately. Frequency error in these cases could be kept within 0.2 ppm. The compensation event will cause a sudden phase and timing change but the level of both must be kept below 15 degrees and X ns and values of ‘X’ is to be specified accordingly.
Proposal 3: NB-IoT UEs with temperature compensated XO capability should be allowed to autonomously compensate for frequency and timing drift due to temperature variation at pre-defined intervals when transmitting for a prolonged duration without the need for explicit gaps by the network.  
Also, since some NB-IoT UEs may support such temperature compensation while the other may not, based on cost/complexity constraints, NB-IoT UEs could potentially have a capability bit which it can signal to the network to indicate whether it has the advanced feature of autonomous temperature compensation in which case it shall use zero-length gaps and thus network can avoid configuring UL gaps for freq error correction. 
Proposal 4: RAN4 should have an NB-IoT UE capability bit which it can signal to the network to indicate whether it has the advanced feature of autonomous temperature compensation in which case it shall use zero-length gaps and thus network can avoid configuring UL gaps for freq error correction.
3	Conclusions
This paper has made the following proposals:
Proposal 1: RAN4 should discuss having an “early-TX-termination” indication from the network during frequency error correction in UL gaps and decide if RAN4 would want to send an LS to RAN1 to request discussing and providing such early termination signaling.
Proposal 2: RAN4 should discuss having UE-specific UL gaps configured for frequency error correction instead of UL gap configuration for worst-case SNR and and decide if RAN4 would want to send an LS to RAN1 to request discussing and providing such support.
Proposal 3: NB-IoT UEs with temperature compensated XO capability should be allowed to autonomously compensate for frequency and timing drift due to temperature variation at pre-defined intervals when transmitting for a prolonged duration without the need for explicit gaps by the network.  
Proposal 4: RAN4 should have an NB-IoT UE capability bit which it can signal to the network to indicate whether it has the advanced feature of autonomous temperature compensation in which case it shall use zero-length gaps and thus network can avoid configuring UL gaps for freq error correction.
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5	Appendix - Simulation Results and Observations
The boxplots for residual frequency error for different SNRs and averaging lengths(i.e. potential UL gap length) are shown in the next few slides. Frequency error estimation is done using NB-RS only i.e. averaging the phase difference in NB-RS on a specific NB-RS tone. Also, NB-RS is assumed to be available every slot continuously during the UL gap. The lower edge of each box shows the 25th-percentile value, the upper edge of the box shows the 75th percentile value. The black dotted line with horizontal caps show the range of values observed when the simulations was run for 100 iterations. The red line inside the box shows the median (50th percentile) value and the red dot/square in the box shows mean value. The markers ‘+’ indicate points which are outliers.
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Observations 1: For a specific averaging length of sample cross-correlations, residual frequency error variance increases as SNR decreases.
Observation 2: For a specific SNR, increasing averaging length of sample cross-correlations decreases the residual frequency error variance. 
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Boxplot shgwing CDF @ SNR=200B, 2048 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot shgwing CDF @ SNR=10dB, 2048 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot shgwing CDF @ SNR=00B, 2048 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot shgying CDF @ SNR=-10dB, 2048 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot shgwing CDF @ SNR=-20dB, 2048 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot shgwing CDF @ SNR=20dB, 512 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot shgwing CDF @ SNR=10dB, 512 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot showing CDF @ SNR=00B, 512 sample avg, AWGN, Init Freq Error
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Boxplot showing CDF @ SNR
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Boxplot ghowing CDF @ SNR=-20dB, 512 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot ghowing CDF @ SNR=200B, 32 sample avg, AWGN, Init Freq Error
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Boxplot showing CDF @ SNR=10dB, 32 sample avg, AWGN, Init Freq Error
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Boxplot,ghowing CDF @ SNR=00B, 32 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot;showing CDF @ SNR=-10dB, 32 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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Boxplot;showing CDF @ SNR=-20dB, 32 sample avg, AWGN, Init Freq Error= 0.1ppm @ Carrier Freq =2GHz
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