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Response to NB-LTE Contributions
1. Introduction
In GERAN#62, a study item named “Cellular IoT” was approved, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. There were several proposals investigated and evaluated during the past one and a half year, among which only NB-CIoT and EC-GSM solutions were concluded to be compliant to the objectives of the study item. In addition, a very late candidate solution named NB-LTE was proposed to GERAN#67. The “Cellular IoT” study item was completed in the same meeting, with technical report 45.820 [2] approved shortly after GERAN#67, where it was concluded that NB-LTE is “partially described”.
Documents were submitted to RAN#69 on Sep 8th, 2015, with updates and changes to the concept description and evaluations. It is very hard to review these documents in detail in such a short time. This document just presents a first-sight general response based on some of the NB-LTE submissions.
Section 2 summarizes the key issues that have been identified by the review, including unclear feasibility of in-band deployment of NB-LTE due to coverage issues, capacity issues, interference issues and UE complexity issues; serious coexistence issues with GERAN and LTE; and unreasonable, overestimated evaluation results due to ideal assumptions. In general, the NB-LTE solution is still far from mature, it keeps changing, and it requires more studies.
In addition, some first-sight comments on each NB-LTE submission are provided in the Appendix for further discussion and study.
2. [bookmark: _Ref429863796]Overview of the key observations
Below is brief summary of the key observations on the NB-LTE contributions.
1. The performance and feasibility of in-band deployment for NB-LTE is unclear and very questionable:
· Coverage issues: It is unclear how synchronisation works in the case of in-band deployment where the actual Tx power is reduced by 11 dB compared to the standalone deployment case, even when allowing PSD boosting. See Appendix A1.2.1. It is also observed that the grade of service in extreme coverage areas achieved by NB-LTE is significantly lower than that of NB-CIoT. See Appendix A1.4.3.
· Capacity issues: Common control channels/signals and the potential unused DC subcarrier account for about 30% of the DL resources, even when the un-designed SIB is not considered (another 15% if taking the design of SIB in NB-CIoT as a reference). It is unclear how such a design can support a massive number of MTC devices, and the assumption that the capacity is limited by uplink may be incorrect especially for in-band deployments. See Appendix A1.1.2.
· Interference issues: Serious mutual interference between NB-LTE and LTE in the uplink is expected but has not been evaluated. See Appendix A1.2.2.
2. The UE complexity for NB-LTE has been underestimated: 
· The UE complexity estimate for synchronisation appears to be based on a simpler, sub-optimum algorithm compared with what is required to achieve the performance shown in the synchronisation performance evaluations (even for standalone deployments, and in-band synchronisation performance has not been evaluated and will be even more problematic due to much lower Tx power). See Appendix A1.6.2. 
· The UE complexity is increased due to the lack of an unused DC subcarrier, as this creates a major complication for a direct conversion receiver. Furthermore, if the design was modified to introduce an unused DC subcarrier, then 8.3% of the available DL resources would be lost. See Appendix A1.1.1 and Appendix A1.6.1.
· The UE complexity is increased due to the higher PAPR and discontinuous phase modulation that is used in the uplink, combined with tighter requirements for timing accuracy. See Appendix A1.6.1 and Appendix A1.7.1.
3. Coexistence issues with legacy GERAN and LTE systems:
· Serious impact to legacy GSM systems was observed by the proponents of NB-LTE. This makes it very challenging for NB-LTE to coexist with legacy GSM systems. See Appendix A1.4.2.
· [bookmark: _GoBack]NB-LTE appears to be incompatible with the radio units of GPRS/EDGE base station hardware, making it very challenging to be supported by legacy GPRS/EDGE base stations. See Appendix A1.5.1.
· A wider guard band is assumed for NB-LTE to coexist with LTE in an adjacent channel than that required by NB-CIoT. See Appendix A1.4.1.
4. Over-optimistic evaluation results due to unrealistic assumptions:
· Close to ideal assumptions appear to have been made in the BLER evaluations, leading to over-optimistic BLER performance. For instance, the large downlink residual timing error, if considered, will significantly weaken the performance of the downlink with high multipath delay spread channels. See Appendix A1.4.4 and Appendix A1.4.5.
· Close to ideal assumptions appear to have been made in the system level evaluations. Therefore, the capacity results for the NB-LTE solution cannot be assumed to be reliable at this stage of evaluation. See Appendix A1.3.2 and Appendix A1.3.3.
· Unrealistic assumptions on power amplifier efficiency have been made for some coupling loss scenarios, resulting in over-optimistic battery life estimates. See Appendix A1.8.2.
· The signalling procedures assumed for battery life and latency evaluations appear to be missing certain procedures, resulting in over-optimistic results.
3. Summary
This document presents a first-sight general response based on some of the NB-LTE submissions. A number of issues are identified for both the NB-LTE concept and the evaluations. It can be seen that the NB-LTE solution is still far from mature and needs more studies.
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Appendix 1. Detailed comments to NB-LTE submissions
A1.1. Comments to RP-151397 “NB-LTE - Concept description L1” [1]
1. [bookmark: _Ref429747885]NB-LTE has higher UE complexity due to the lack of unused DC subcarrier
It is generally known by the IC industry that direct conversion (zero IF) receivers introduce significant distortion on the baseband signal components near zero Hz, such as the DC subcarrier of an OFDM system. This is due to the leakage of the local oscillator and other implementation issues. The heterodyne architecture (non-zero IF) does not cause this problem but requires higher implementation complexity. In order to support the direct conversion receiver, LTE includes an unused DC subcarrier in the downlink numerology. There were also discussions on the DC impact for eMTC, and an LS was sent by RAN4 [16] saying that RAN4 will assume that one subcarrier is punctured in the demodulation test.  
Little is known about the impact of DC distortions in the NB-LTE system, except an ambiguous statement in [8] that “Due to the simplicity of zero IF down-conversion architecture, it would be necessary to minimize the impact from the interference due to DC offset and different approaches can be further considered to address this.” It is nevertheless not easy to suppress the DC interference, which often introduces substantial extra implementation complexity. This is one major reason why an unused or punctured subcarrier is assumed by LTE and eMTC systems.
This is a key problem for the NB-LTE system because each subcarrier accounts for 8.3% (1/12th) of the total available DL resources and so puncturing of the DC subcarrier will significantly degrade the performance of almost all DL channels and signals.  
2. [bookmark: _Ref429930996]NB-LTE has high resource occupation by common control channels
PSS and SSS account for 10% of the downlink resources. PBCH accounts for another 10%, and there will be further resource required for transmission of SIBs which are currently undefined. Taking the design of SIBs in NB-CIoT as a reference, another 15% downlink resources would be required. Therefore, it is essential that the downlink is properly modelled in system simulations so that the impact of the high resource utilisation by common control channels is captured, but this has not been done.
A1.2. Comments to RP-151379 “NB-LTE – In-band operation” [4]
1. [bookmark: _Ref429954869][bookmark: _Ref429930376] Lack of evaluation on the coverage performance of the synchronisation channel
For the case of an in-band deployment, the available downlink power is much lower (43-32 = 11 dB lower, even when considering PSD boosting) than for a standalone deployment. Therefore, the in-band scenario is much more challenging, including for synchronisation. 
Some evaluations have been provided on synchronisation for the standalone case (43 dBm downlink power), but nothing has been provided to justify the feasibility of the synchronisation design for the in-band case (32 dBm downlink power, including PSD boosting). 
It is entirely unclear how the synchronisation design can provide the 164 dB coverage performance objective in the in-band case, and this appears to be a major issue.
2. [bookmark: _Ref429955054] NB-LTE in-band deployment has serious mutual uplink interference between NB-LTE and legacy LTE
As already pointed out in [12], due to the lack of orthogonality between NB-LTE and LTE uplink signals “the 15-kHz LTE sub-carriers adjacent to the NB-LTE PRB have high side-lobes covering at least 3 sub-carriers i.e. interfering with 18 NB-LTE sub-carriers (or 36 NB-LTE sub-carriers if both sides are considered). Similar problems also occur in the opposite direction, i.e. interference from NB-LTE to LTE.”
However, nothing has been mentioned in [4] about how the above problems can be solved, and no evaluation results have been provided to show the impact of this mutual uplink interference or even to justify the proposed guard band width. The feasibility of in-band deployment for NB-LTE remains very unclear without an answer to these problems.
Furthermore, it is stated in the conclusion of [4] that “the link budget performance of broadcast channel, downlink data channel, downlink control channel, and uplink data channel are analyzed based on link level simulations”. However, in the main body of the same document [4], no evaluation is actually provided for any uplink channels under in-band deployment, so the conclusion appears to be misleading.
3.  Inconsistent downlink designs and basic assumptions from multiple sources
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]It seems that the NB-LTE downlink design remains immature since its first submission to GERAN#67 in August. For instance, no detailed design for M-PDSCH is available in either [1] or [4]. In [4], Turbo coding was assumed by source 2, convolutional coding assumed by source 1 and 3, and it was not clear what was assumed by source 4. Resource mapping for M-PDSCH is also different between these sources (e.g. the number of punctured PDCCH symbols, use of dedicated CRS, etc).
Similar problems exist in other channels evaluated in [4], e.g. inconsistency on the payload and period of M-PBCH.
Furthermore, lack of detailed design for NB-LTE has prevented other companies from cross-checking the results.
4.  Unrealistic assumption on the level of PSD boosting
It is assumed in [4] that “for in-band deployment 6dB CRS power boosting can be enable.”. However, this is not in accordance with the power control dynamic range for LTE BS REs, as specified in table 6.3.1.1-1 of [36.104]. Therefore, it is very unclear whether the assumed 6 dB power boosting is feasible, as this deviates from previous assumptions used by LTE and therefore may be incompatible with legacy remote radio heads.
A1.3. Comments to RP-151196 “NB-LTE - Support of massive number of low throughput devices” [5]
1.  Lack of link level modelling and verifications
TR 45.820 [14] captures system level simulation results for NB-CIoT (section 7.3.6.2), NB M2M (section 7.1.7.2) and EC-GSM (section 6.2.6.13). In all three cases, these results are supported by detailed link level modelling and verifications. However, no link level modelling methodology and verification results are provided for NB-LTE in [5]. Without these supporting results, other companies cannot determine how accurately the simulations have modelled the NB-LTE solution. Therefore, the capacity results for the NB-LTE solution cannot be assumed to be reliable at this stage of evaluation.
2. [bookmark: _Ref429955290] Unrealistic assumptions on the downlink
In section 2 of [5] it is claimed that “uplink is the capacity bottleneck in NB-LTE since the main traffic is generated from CIoT devices. In contrast, downlink would only carry some network commands, ACK/NACK for uplink HARQ and software update requirement”. However, the justifications for this claim are very unclear, because:
· A mix of uplink and downlink traffic is assumed in the traffic model. Even for the uplink reports, there are application layer ACKs which result in 80 bytes DL at physical layer (see []), as well the L2/L3 ACKs. Therefore, a given link direction being the “capacity bottleneck” should be justified with simulations.
· In fact, the downlink design of NB-LTE is very challenging in terms of capacity, for example, PSCH and PBCH already dedicate 20% of the downlink resources to control overhead.
· As already intensively discussed in GERAN, the assumption of an ideal downlink will substantially overestimate the capacity and latency performance due to ideal scheduling of uplink and downlink resources.
· It is very unclear how the “network command” traffic was simulated with an ideal downlink. If all the downlink transmissions are assumed ideal, then it is unclear how it can be claimed that the downlink dominant “network command” has been simulated and reflected in the results.
A key further aspect is that for the case of an in-band deployment, the available downlink power is much less than for a standalone deployment, due to limitations on power boosting. In this case, the downlink capacity will be substantially reduced due to the need for increased repetitions to achieve the coupling loss for each device (even assuming that device coverage is feasible). Although there is some benefit due to transmit diversity for in-band deployments, this diversity is not simply additive to the time diversity that is also obtained for packets transmitted with many repetitions. Therefore, the assumption in the current system simulations that the uplink is the capacity bottleneck for an in-band deployment is very questionable.
3. [bookmark: _Ref429913815] Lack of random access and other signalling procedures
NB-LTE random access has not been studied in the simulations. The resource requirements and latency introduced by random access seem to have been completely ignored.
Control channels were also not modelled in the simulations. Ideal resource allocation was assumed, which will give optimistic results.
Upper layer signalling procedures were not considered. The overhead due to the information exchange during these procedures has not been accounted for.
All of the above lead to over-optimistic capacity and latency performance. The simulations do not support the conclusions claimed in [5].
A1.4. Comments to RP-151395 “NB-LTE - Co-existence with GSM/UMTS/LTE” [6]
1. [bookmark: _Ref429930858] Wider guard band needed than for NB-CIoT
For NB-LTE, a 110 kHz guard band (10 kHz within the 200 kHz system bandwidth plus 100 kHz extra guard) was assumed in the coexistence study with LTE (when NB-LTE is deployed adjacent to the LTE channel). In contrast, for NB-CIoT only the 10 kHz within the 200 kHz system bandwidth is necessary for coexistence with LTE in this deployment scenario, as shown in the GERAN study.
2. [bookmark: _Ref429930838] Significant impact to legacy GSM systems
It can be found from the results for case 1 and case 2 that the EGPRS throughput loss can be up to around 11%. Such an impact is unacceptable in our view. Furthermore, these results are omitted in the overall summary of the results, leading to very misleading conclusions.
In addition, it was identified during the GERAN CIoT study that the “light load” GSM victim case is the most challenging. This was actually a finding by one of the sourcing companies of [6] which strongly insisted on simulating this case before the August GERAN meeting. Simulations were finally performed for this case for both NB-CIoT and EC-GSM. However, this case has not been simulated for NB-LTE, leading to very over-optimistic coexistence results.
3. [bookmark: _Ref429930873] Poor grade of service in extreme coverage areas
It can be seen from the results that for NB-LTE there are only about 90% UEs that can reach the required SINR to operate at 20 dB coverage enhancement in case 5 and case 6 while for NB-CIoT the grade of service is almost 100%. In case 7 and case 8, for NB-LTE the grade of service is less than 85% while for NB-CIoT it is around 97%. Therefore, the results indicate a much poorer grade of service for NB-LTE devices in extreme coverage compared with NB-CIoT. 
4. [bookmark: _Ref429931024] Optimistic UL BLER performance evaluations
Close to ideal assumptions appear to have been made in the BLER evaluations. However, it is well known that the FFT-based operations in the uplink receiver are sensitive to frequency error, timing error and power imbalance. Ignoring these impairments will lead to optimistic UL BLER performance.
On the other hand, for the NB-CIoT UL, each sub-carrier is individually pulse shaped and sufficient guard is left within each 5-kHz sub-channel, resulting in very robust adjacent channel protection, as already shown in the GERAN CIoT study.
In summary, the uplink performance that has been shown for NB-CIoT is much closer to real network performance than the uplink performance that has been shown for NB-LTE.
5. [bookmark: _Ref429931030] Optimistic DL BLER performance evaluations
It is mentioned that “a 103 taps low pass filter is used in the DL at a sampling rate of 1.92 MHz, which is longer than the CP of the NB-LTE signal”. The low pass filter spread is 103/1.92e6 = 53.65us which is more than 10 times the CP length (i.e. 4.7us), meaning that even the AWGN channel (i.e. without fading) will be impacted. Although it is claimed that the EVM is lower than the RF requirement, it generates an additional 4.2% EVM on average and 6.3% EVM at 90-percentile of the CDF. In contrast, for NB-CIoT there is no additional EVM degradation.
Furthermore, the ISI beyond the CP part (53.65-4.7 = 48.95us) will have a negative impact to channel estimation and demodulation performance when FFT operations are considered. This is, however, not considered in the performance evaluations.
A1.5. Comments to RP-151396 “NB-LTE - Impact on BS hardware” [7]
1. [bookmark: _Ref429930892] Incompatible with GPRS/EDGE base station hardware
[bookmark: OLE_LINK2]Nothing has been shown to justify the compatibility of NB-LTE with legacy GPRS/EDGE base stations, either in [7] or in any other documents.
In fact, some simulation results for the downlink PAPR of NB-CIoT were presented in [15] where it is concluded that “the PAPR of NB-LTE breaks the limit of the dynamic range of the digital circuits on legacy MCBTS and potentially drives the PA to nonlinear region, causing excessive emissions. As a consequence, NB-LTE may not be deployable on legacy MCBTS”.
2.  Lack of detailed analysis on required memory for LTE/MSR base station
In the uplink, a maximum of 72 UEs may be simultaneously scheduled, which is much higher than the number in LTE (i.e. 48, assuming 10 MHz LTE, with 2 RBs for PUCCH). Although the maximum data rate for each UE is reduced, the overall memory requirement for Turbo coding may still be very large. This aspect is very important to understand, but is not quantified in [7].
A1.6. Comments to RP-151381 “NB-LTE - Reduced device complexity” [8]
1. [bookmark: _Ref429930934] Over-optimistic assumptions in RF transceiver complexity analysis
We agree with the statement in [8] that a zero IF receiver architecture is very desirable for reduced device complexity, and we made the same point in our complexity analysis for NB-CIoT in the GERAN study. However, with the NB-LTE design, there is no unused downlink subcarrier corresponding to DC, unlike typical OFDM system designs. This creates a major issue for the NB-LTE receiver design, as is also described in section A1.1.1. Furthermore, because there are only 12 downlink subcarriers in the NB-LTE, any modification to the proposed NB-LTE design to leave an unused subcarrier would reduce throughput by 8.3% as well as creating problems for the proposed channel mapping from LTE to NB-LTE. On the other hand, if the NB-LTE receiver simply punctures the DC subcarrier, there will be a substantial degradation in demodulation performance due to the loss of 8.3% of the symbols. In contrast, NB-CIoT has an unused subcarrier at DC, and because there are 48 downlink subcarriers rather than 12 subcarriers (due to the narrower subcarrier spacing) the loss of potential throughput is correspondingly much smaller.
We agree with the statement in [8] that a polar modulator transmitter architecture is very desirable for reduced device complexity and to enable integration of the 23 dBm PA. Again, we made a similar point in our complexity analysis for NB-CIoT in the GERAN study. However, the feasibility and implementation complexity of a polar modulator architecture is dependent on the phase modulation bandwidth, the amplitude modulation bandwidth and the PAPR of the transmit signal. The proposed uplink modulation for NB-LTE has discontinuous phase at the symbol boundaries, and therefore has much higher phase modulation bandwidth than the continuous phase modulation that is used for NB-CIoT. Therefore, the challenge and complexity in using a polar modulator for NB-LTE is greater than NB-CIoT. This problem is exacerbated by the wideband PRACH signal that has been proposed for NB-LTE in order to overcome the need for very accurate time alignment in the OFDMA/SC-FDMA uplink to avoid inter-user interference. 
We also note that, in general, the uplink modulation proposed for NB-LTE has non-zero PAPR. Although it is stated that SC-FDMA modulation “is known for good envelope linearity properties”, a more accurate statement might be that it has improved properties compared with OFDMA which is well-known to poor PAPR. In comparison with other modulation techniques such as proposed for NB-CIoT, SC-FDMA has higher PAPR which results in lower efficiency for the PA and more challenges for integrating the PA while maintaining a high output power.
We agree with the statement in [8] that it is desirable to remove the need for TC-VCXO. However, it is not clear that the resulting frequency drift performance is compatible with the performance evaluations that have been shown for NB-LTE.
2. [bookmark: _Ref429930942] Over-optimistic and inconsistent assumptions in baseband complexity analysis
An analysis for cell search complexity is presented in [8]. However, it is unclear that the algorithm assumed in this analysis is consistent with the synchronisation performance (maximum coupling loss and latency) that is presented in other contributions relating to NB-LTE. Our analysis suggests that the algorithm assumed in [8] will under-perform the optimum performance by several dBs, which would directly impact the achievable MCL and synchronisation latency. When a more optimum algorithm is considered, the synchronisation complexity is substantially greater than for NB-CIoT. This is a very important consideration, because synchronisation complexity is likely to be the limiting factor in determining overall baseband physical layer complexity.
It is unfortunate that the submission on device complexity is not linked to the separate performance evaluations from other sourcing companies. Differences in assumed algorithms result in an inconsistent and misleading picture of achievable complexity. There is also a major issue that the complexity analysis does not consider the impact of the much lower PSS/SSS transmit power that is available for an in-band deployment compared with a standalone deployment.
The reason the synchronisation complexity for NB-LTE is higher than for NB-CIoT is that the PSS and SSS signals for NB-LTE are highly constrained by the objective to fit the existing LTE downlink physical design in terms of LTE symbol duration, cyclic prefix duration and frame structure. This leads to a sub-optimum design in terms of performance and complexity in comparison with NB-CIoT which can use an optimised PSS/SSS design with far fewer constraints. Particular issues with the NB-LTE PSS and SSS design, even for a standalone deployment, are the multiple CP durations and the fact that the CP durations are a non-integer number of samples when operating at 240 kHz sampling rate. 
In the case of a potential in-band deployment, further substantial complications are the puncturing from necessary LTE signals and the much lower downlink transmit power (due to limitations on feasible power boosting). In any case, there appears to be no NB-LTE contributions to show how an NB-LTE synchroniser can achieve the required performance for in-band deployment. Consequently, it appears that in-band deployment has not been considered in the device complexity analysis, at least with respect to synchronisation complexity.
In terms of M-PDSCH decoding complexity for NB-LTE, a bottleneck in the processing can be the tail biting convolution decoder or Turbo decoder. Although, the average complexity might appear to be acceptable, there is a potential key issue that if the decoding of a packet must be completed within a tight turn-around time in order to satisfy the protocol requirements, then the peak processing load due to the tail biting convolution decoder or Turbo decoder can be much higher. It is not clear that this aspect has been considered in the complexity analysis.  
A1.7. Comments to RP-151392 “NB-LTE - Improved indoor coverage” [9]
1. [bookmark: _Ref429913769][bookmark: _Ref429930349][bookmark: _Ref429996448] Poor residual timing error performance
The network synchronization performance is a critical input for the other evaluations (e.g. data/control channel coverage, latency, battery life, device complexity and system capacity) in all the CIoT systems. GERAN extensively discussed the evaluation of different network synchronization designs for clean-slate solutions, attempting to make the evaluations reflect the real performance in practical implementations to the largest extent. However, for NB-LTE it is unclear what kind of algorithm (e.g. one-shot detection or accumulation based detection) is employed to run the simulations. Therefore, other companies are unable to reliably review or reproduce the results to validate the design. Note that the proponents of each completed solution in the GERAN study (i.e. EC-GSM and NB-CIoT) provided their synchronization algorithms on which the analysis of corresponding device complexity was also based.
Furthermore, based on the existing evaluations in [9] (which are for standalone deployments), the residual timing error is about +/-3 us at 192kHz sampling rate which accounts for more than half of the length of a downlink normal CP (4.7us) and is far larger than the corresponding LTE requirement (0.39us). This will significantly weaken the performance of the downlink with high multipath delay spread channels, because a substantial amount of the CP can be lost just due to timing errors. 
In fact, maintaining the 15 kHz subcarrier bandwidth as LTE also sets the same high synchronization precision requirement as LTE. However, it is very difficult for NB-LTE to meet such a requirement due to the 180 kHz PSS bandwidth, because the precision is inversely proportional to PSS bandwidth (assuming the same sampling rate). Although it may be possible to increase the synchronization precision by accumulating different PSS signals, the available number of accumulations is very limited considering 20ppm Sampling Frequency Offset (SFO) which is a common assumption in the CIoT TR 45.820 [2]. Preliminary simulation results from the sourcing companies show that the residual timing error CDF does not converge, see Figure 1.

[bookmark: _Ref426644918]Figure 1. CDF of residual timing error, channel = ETU 1Hz, SNR = -4.6 dB
For the uplink, the arrival timing difference is comprised of the downlink residual timing error (+/-3 us), ToA estimation error (18.75 us), multipath effect and oscillator drift (0.1 us/s in LTE) based on the typical TA procedure. Considering the uplink CP length of 28.2 us in NB-LTE, the remaining margin to compensate the multipath effect is much smaller than LTE so the uplink performance may be degraded or even the orthogonality of the transmissions from different UEs may be lost. Note that such large residual timing errors may also degrade the accuracy of uplink ToA estimation due to the limited search range set by the widely applied windowing algorithm.
For the case of in-band deployments, the performance will be substantially degraded by the much lower downlink transmit power available in comparison with standalone deployments (typically 11 dB lower, even allowing for power boosting). No evaluations have been provided for in-band synchronisation performance.
2.  Unrealistic assumptions in coverage performance evaluations
A number of issues are raised by the evaluations for channels/signals other than synchronization signals, which calls into question the reliability of the current evaluations brought to RAN:
· The DC subcarrier puncturing or the impact of DC interference, as discussed in Appendix A1.1.1, is not considered by all the DL evaluations.
· The impact of timing error is not considered for downlink and uplink evaluations. As analysed in Appendix A1.7.1, the impact of timing errors is not sufficiently small with respect to the CP length that it can be simply ignored.
· The possible power back-off due to the PAPR of the preamble is not considered in the evaluations.
· The false alarm rate is very high (2.14%) while the detection rate is very low (90.3%) for the M-PRACH in the extreme coverage case. This will lead to negative impact on the system capacity and latency. However, this is not considered in the system-level simulations, as highlighted in Appendix A1.3.3.
· The source of the 10 dB gain with M-PRACH format 1 to format 0 is not clear, given that the ideal gain by 6 repetition is only 10*log10(6) = 7.78 dB, while the detection rate decreases very slightly (99.9% to 98.12%) and false alarm rate gets better (from 0.073% to 0.062%).
A1.8. Comments to RP-151393 “NB-LTE - Battery lifetime evaluation” [10]
1. [bookmark: _Ref429768797] Incorrect signalling procedure
Four EPDCCH monitors and one HARQ feedback are missing in Figure 1 of [10], as follows:
· One EPDCCH monitor and one HARQ feedback for UL data is missing for Msg 4 (Contention resolution message).
· One EPDCCH monitor is necessary between UL IP report and IP Ack.
· Two EPDCCH monitors are missing for the HARQ ACK after IP Ack.
Given that the assumed signalling procedures are incorrect, the resulting battery lifetime evaluations are also incorrect.
2. [bookmark: _Ref429957439] Unrealistic power amplifier efficiency for some scenarios
The same transmitter power amplifier efficiency has been assumed for all three coupling loss values (144, 154 and 164 dB), even though the PAPR of the modulation varies according to the selected MCS. This is an unrealistic assumption, since power amplifier efficiency will be lower for higher PAPR modulations, which results in optimistic battery life estimates for the 144 dB and 154 dB coupling loss scenarios. 
A1.9. Comments to RP-151394 “NB LTE – Exception report latency evaluation” [11]
1.  Incorrect signalling procedure
Same comment applies as in A1.8.1. Given that the assumed signalling procedures are incorrect, the resulting latency evaluations are also incorrect.
2.  Anomalous latency results
In Table 8, the latency for 144 dB is 1981 ms while the latency for 154 dB MCL is 1978 ms, i.e. the latency is improved even when the MCL is 10 dB worse. This is unexplained, which casts some doubt on the correctness of the results.
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