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During the RAN4#83 meeting RAN4 received an LS from RAN1 on improvements of NB-IoT measurement accuracy. In the LS the following is stated:RAN1 discussed narrowband measurement accuracy enhancement and reached the following agreement,
· For connected mode in the serving cell and idle mode in camped cell and neighbour cells, it is feasible from RAN1 point of view to use NSSS on an anchor carrier for RRM measurement
· RAN4 are requested to consider if NSSS is a suitable transmission
· How to use, i.e. if and/or under what circumstances to combine NRS with NSSS depend on RAN4 study


Moreover the following action is expected from RAN4:
RAN1 respectfully requests RAN4 to provide feedback on if NSSS is a suitable transmission for RRM measurement, and to inform RAN1 if and/or under what circumstances to combine NRS with NSSS.



In the current contribution, we look back at the RAN4 work done with respect to NB-IoT measurement accuracy, provide comparative simulations for NSSS versus NRS-based received power measurements, and propose a response to RAN1. 
NB-IoT measurement accuracy
Already in the initial work on NB-IoT the RAN4 group identified that one of the major problems at low SINR is that unless enough REs to combine coherently to reduce bias are available, the noise will dominate over the wanted signal. Below some SINR operation point, the estimator will essentially only detect the noise power and more or less be blind to the wanted signal. In fading conditions this typically looks like the relative variance of the NRSRP estimate to the noise power decreases compared to at higher SINR, where the propagation conditions are reflected in the estimate. It is also typical with a “slap stick”-like curve when normalizing the NRSRP estimate with the noise power. At even lower SINR the NRSRP will reflect noise power only and will display a variance that is related to the noise process, not the propagation channel. Hence it was understood by the RAN4 group that for operation at low SINR it is essential to have as many REs available as possible to reduce bias and to maintain observability of the wanted signal.
From work on eMTC it had been found that using two consecutive subframes that carry CRS, one could perform a coherent summation that suppressed noise by – theoretically – 19 dB, which would provide observability of the wanted signal at as low SINR as -15 to -20dB. It was also observed that NSSS carry the same or higher number of REs in a single subframe, and hence would be a good candidate to do mobility measurements on in NB-IoT, and would allow observability of the NB cell down to SINR in the range of -15 to -20dB.
RAN4 sent an LS to RAN1 [2], asking whether the UE could assume the same power level on NSSS as on NRS, which would be essential for the mobility when using NSSS as a proxy for NRS. The response from RAN1 [3] was that the UE could not make such assumption. RAN4 discussed whether anyway to define side conditions in TS 36.133 that would state that the measurement requirements shall apply provided that NSSS is sent with the same power as NRS. One modem company had concerns that it would impose constraints for the network configuration, and with that RAN4 gave up the idea on using NSSS.
Observation 1: Already in the initial work on NB-IoT RAN4 had reached consensus on that it would be beneficial to use NSSS as proxy for NRS, as it would allow observability of the NB cell at lower SINR than if using NRS only.
NB-IoT measurement accuracy simulations
Since the RAN4 work was carried out in parallel with the RAN1 work it depended on, details changed from meeting to meeting and revisiting earlier contributions on e.g. measurement accuracy can be both amusing and confusing. For instance, the subframes which one could assume carried NRS changed during the simulation work, and in the end settled to subframes 0 4 9 in odd numbered radio frames and 0 4 in even numbered radio frames (5 being reserved for NPSS and 9 being reserved for NSSS). Hence in the end, there were two adjacent subframes carrying NRS per two radio frames, i.e. subframe 9 in odd numbered radio frame followed by subframe 0 in even numbered radio frame. Noticeably this is the same frequency at which NSSS occur.
In order to compare mobility measurement accuracy when using NSSS and NRS, respectively, we have conducted a new set of simulations where we compare coherent averaging of single NSSS subframe with coherent averaging of two adjacent subframes with NRS. Both occur once per 20ms, hence the numbers of non-coherent averages (L1 filtering) per L1 measurement period are identical. The measurement periods are 800ms for normal coverage and 1600ms for enhanced coverage (defined as SINR ≥ -6 dB and -15 ≤ SINR<-6 dB, respectively). Residual carrier frequency offset is fixed to 50Hz in the simulations.
The results which are provided for AWGN, ETU 1Hz, EPA 1Hz, ETU 30Hz and EPA 5Hz are shown in Appendix. In the plots, SSRP stands for (Narrowband Secondary) Synchronization Signal Received Power and RSRP stands for (Narrowband) Reference Signal Received Power. From the results one can observe the following:
Observation 2: With same sampling rate of NSSS and NRS-based RP measurements, the variance for NSSS and NRS-based estimators are comparable before the SINR breakpoint is reached (the “slap stick”). In this zone, it is the variability of the propagation channel that gets reflected in the variance of the RP estimates.
Observation 3: With same sampling rate of NSSS and NRS-based RP measurements, the SINR breakpoint is significantly lower for the NSSS than for the NRS-based estimator. The NSSS-based estimator can provide corresponding observability of the NB cell at about 7dB lower SINR than the NRS-based estimator.
Regarding combining NRS and NSSS in the estimation process, one option would be to coherently combine one NSSS subframe (even radio frame subframe 9) with one NRS subframe (odd radio frame subframe 0), but the theoretical gain would be small: the sensitivity would increase by 0.3 dB (96+8 REs versus 96 REs). Moreover it would require that NSSS and NRS are sent from the same physical antenna ports. Combining the NRS and NSSS-based estimates non-coherently would ruin the sensitivity at low SINR since the SINR breakpoints are different; the sensitivity provided by NSSS-based estimation would get destroyed by the NRS-based estimation. This leads us to the observations:
Observation 4: Combining NSSS and NRS coherently in the RP estimation would impose restrictions on from which antennas each respective signal is sent, and would provide an insignificant gain.
Observation 5: Combining NSSS and NRS-based RP estimates non-coherently would destroy the sensitivity provided by sole NSSS-based estimation.
Proposed reply to RAN1
Based on the observations above, we propose the following response to RAN1:
RAN4 has discussed the feasibility of using NSSS-based estimation of received power, and has reached the following conclusion:
· NSSS is a suitable signal for mobility measurements, under the conditions provided by RAN1. With its high density of REs it can support about 7dB increased sensitivity compared to estimation based on NRS.
· It is not suitable to combine NSSS and NRS in the estimation, since (a) coherent combination would impose the restriction that both signals are sent from the same physical antennas – and the theoretical gain would be only 0.3dB, and (b) non-coherent combination would lead to that the sensitivity reduces due to the different statistical properties of NSSS and NRS-based estimators.
RAN4 further would like to inform that the benefits with NSSS-based estimation are seen in enhanced coverage. In normal coverage, the difference in performance is insignificant. The variance seen in the estimates under normal coverage is attributed to the variability of the propagation channel.
Summary and Conclusion 
In this contribution we have revisited the RAN4 work on NB-IoT mobility measurement accuracy. Moreover we have provided simulation results that indicate that a significant increase in sensitivity can be achieved by using NSSS instead of NRS. The following observations were made:
Observation 1: Already in the initial work on NB-IoT RAN4 had reached consensus on that it would be beneficial to use NSSS as proxy for NRS, as it would allow observability of the NB cell at lower SINR than if using NRS only.
Observation 2: With same sampling rate of NSSS and NRS-based RP measurements, the variance for NSSS and NRS-based estimators are comparable before the SINR breakpoint is reached (the “slap stick”). In this zone, it is the variability of the propagation channel that gets reflected in the variance of the RP estimates.
Observation 3: With same sampling rate of NSSS and NRS-based RP measurements, the SINR breakpoint is significantly lower for the NSSS than for the NRS-based estimator. The NSSS-based estimator can provide corresponding observability of the NB cell at about 7dB lower SINR than the NRS-based estimator.
Observation 4: Combining NSSS and NRS coherently in the RP estimation would impose restrictions on from which antennas each respective signal is sent, and would provide an insignificant gain.
Observation 5: Combining NSSS and NRS-based RP estimates non-coherently would destroy the sensitivity provided by sole NSSS-based estimation.
Based on the observations we propose a response to RAN1 which is outlined above, and in essence confirms that NSSS-based estimation is feasible, that no benefit is achieved by combining NSSS and NRS in the estimation process, and further explains that the benefits are seen in enhanced coverage mode of operation.
A draft LS out is provided in [4].
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Appendix
Simulations
Results
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Figure 1: AWGN – SSRP and RSRP for enhanced and normal coverages
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Figure 2: ETU1 - SSRP and RSRP for enhanced and normal coverages
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Figure 3: EPA1 - SSRP and RSRP for enhanced and normal coverages
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Figure 4: ETU30 - SSRP and RSRP for enhanced and normal coverages
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Figure 5: EPA5 - SSRP and RSRP under enhanced and normal coverages
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