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1
Introduction
In RAN4#78bis meeting in San Jose del Cabo RAN4 agreed on a set of simulations assumptions to be used for evaluating the measurement performance for NB-IoT. The assumptions covered all three deployment scenarios: stand-alone, guard-band and in-band deployment. In this paper, we will present and discuss our results related to the stand-alone deployment.

2
Discussion
RAN1 has finalized the details regarding NB-PSS, NB-SSS and NB-RS and the very basic decisions concerning NB-PSS, NB-SSS and NB-RS is listed here [1]
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Figure 1: Illustration of the NB-IoT synchronisation signals assuming NB-SSS repetition of 20ms.
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Figure 2: Illustration of NB-PSS, NB-PSS and NB-RS in stand-alone NB-IoT.
In this paper, we concentrate on stand-alone deployment and measurement performance and therefore following applies:
· In the PRB pair to carry NB-PSS and NB-SSS, a NB-IoT UE shall not expect NB-RS

· For guard-band and stand-alone operation, in NB-IoT carrier, a UE may assume NB-RS is transmitted in all subframes except in subframes where NB-PSS and NB-SSS are present
In our companion paper [4] we present and discuss our results related to the in-band deployment for which above assumption concerning NB-RS do not hold.
3
Measurement performance in stand-alone deployment
In the agreed WF [2] RAN4 agreed:
· RAN4 is to define NRSRP/NRSRQ measurement requirements based on NB-RS measurement for Rel-13 NB-IoT
· Applicable requirements for RRC_IDLE and RRC_CONNECTED modes are to be defined
· UE is allowed to perform measurement using either NB-RS or NB-SSS or a combination of these signals for RRM measurement
In the assumptions, it was agreed to analyse the effect of varying the following parameters:

· L1 measurement period

· Sample Duration
We look at the measurement performance achievable when using measurements based on NB-RS and adjusting certain parameters. We also look at the measurement performance achievable when using measurements based on NB-SSS applying similar adjustments of measurement parameters. 

In this paper, we use following definitions: 
· By sample duration we refer to the duration of the window during which the UE collects measurement samples, i.e., NB-RS or NB-SSS REs.

· By algorithm type 4 (later referred as Alg4), we refer to an algorithm in which measurement samples are coherently combined at each measurement sampling rate and metrics (RSRP, RSRQ…) are calculated once per sampling rate. Metrics are then averaged for each L1 measurement period.

· By algorithm type 1 (later referred as Alg1), we refer to an algorithm in which measurement samples collected at each measurement sampling rate during the sample duration and are coherently combined prior to calculating the metrics for each L1 measurement period.
In many of the presented results, we present results for both algorithms. One drawback of the Alg1 though is its increased complexity compared to Alg4 due to the fact that coherent combining is performed only for each L1 measurement period. Therefore, Alg1 may be better mitigating noise power at low SNRs and resulting in better accuracy but the standard deviation of the estimates is larger compared to Alg4. This effect is addressed later in section 3.3.
The reason for having results using different algorithms is to illustrate that the used algorithm sometimes have a large impact on the achievable accuracy. Which algorithm in the end is used and how the UE actually processes the measurements is of course fully up to the UE implementation – provided it can fulfill the minimum requirements. 

In the following sections 3.1 and 3.2, we present the results in form of RSRP accuracy as a function of SNR. These results are compiled from CDF curves of RSRP estimates using 90% -percentile and thus showing directly the RSRP estimation offset compared to ideal RSRP at 90% -percentile. RSRP accuracy of 0 dB means that RSRP estimate equals to the ideal RSRP. This may be an efficient and compact form of comparing different measurement parameters but conceals some properties like standard deviation of the estimates. Therefore, some CDFs are addressed later in section 3.3. 
3.1 NB-RS only based measurements
Following section, we look at the results when only using NB-RS as reference signal for measurements.
3.1.1 Effect of increased measurement period
We first look at the basic performance achievable using the existing baseline measurement assumption used in RAN4 when deriving the LTE requirements, i.e. sample duration of 1ms, sampling rate of 40ms and L1 measurement period of 200ms. Additionally, we look at the effect of increasing the L1 measurement period while keeping the sample duration of 1ms and sampling rate of 40ms. Results for both algorithms is given in Figure 3.
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Figure 3: Basic results and the effect of increased measurement period on RSRP accuracy using two different algorithms. NB-RS only based measurements.
From the results, we see that for Alg4 there is not much effect in RSRP accuracy from increasing the measurement period from 200ms to 1600ms. When using Alg1 there is on the other hand a noticeable effect on the RSRP accuracy, especially at SNR below 0dB. At SNR point below -5dB there is a gain between approximately 2-4dB when increasing the measurement period from 200ms to 1600ms. The cost of this gain is of course additional delay in measurements as well as increased memory on device side.

Observation 1: Using Alg1 there is a noticeable gain in RSRP accuracy when increasing the measurement period at SNR below 0dB.

3.1.2 Effect of increased sample duration

Next, we look at the effect from increasing the sample duration. Here we keep the L1 measurement period fixed at 200ms while we increase the sampling duration from 1ms to 18ms, which resembles the device receiving 1 – 15 NB-RS occasions. Results in Figure 4 and Figure 5 are showing performance when using Alg4 and Alg1, respectively.
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Figure 4: Effect of increased sample duration on RSRP accuracy using algorithm type 4. NB-RS only based measurements.
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Figure 5: Effect of increased sample duration on RSRP accuracy using algorithm type 1. NB-RS only based measurements.
From the results, it is clear that there is a noticeable gain in RSRP accuracy when increasing the sample duration from 1ms to 18ms (i.e. increasing the NB-RS occasions from 1 to 15 instances). This observation applies for both Alg1 and Alg4. We also observe a gain between approximately 3-5 dB at SNR below -5dB (for both used algorithms). Additionally, we see same trend as for when increasing the measurement period – namely that the gain in RSRP accuracy is mostly noticeable at SNR below 0dB.
Observation 2: There is a noticeable gain in the RSRP accuracy below 0dB for both algorithms, when increasing the sample duration.
3.1.3 Combined effect of increased measurement period and sample duration

As the results above shows clear gain from increased measurement period (for Alg1) as well as from increased sample duration (for Alg1 and Alg4), we next look at the combined effect, i.e., in Figure 6 we look at the effect from increasing both sample duration as well as the measurement period for both algorithms.
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Figure 6: Combined effect of increased sample duration and measurement period on RSRP accuracy using two algorithm types. NB-RS only based measurements.
The results are interesting in the way that it shows that by combining increased measurement period and sample duration two observations can be made: 1) there is as expected a clear gain in the RSRP accuracy for both algorithms at SNR below 0dB; 2) the gain when using Alg1 is higher at very low SNR.
Additionally, by combining the two methods enables shorter measurement time on the device side, which has positive impact on the device power consumption. E.g. having measurement period of 800ms combined with sampling duration of 3ms gives about same RSRP accuracy as if having measurement period of 200ms and sample duration of 18ms. Drawback is potential increase in device memory.
Observation 3: Combining increased measurement period and sample duration reduces device measurement activity.

3.1.4 Summary from NB-RS based measurements

Based on the results shown above for NB-RS only based RSRP measurement accuracy we observe the following:
Observation 1: Using Alg1 there is a noticeable gain in RSRP accuracy when increasing the measurement period at SNR below 0dB.

Observation 2: There is a noticeable gain in the RSRP accuracy below 0dB for both algorithms, when increasing the sample duration.
Observation 3: Combining increased measurement period and sample duration reduces device measurement activity.

Next, we look at NB-SSS based measurement performance.
3.2 NB-SSS only based measurements
As it might also be allowed for the UE to use the NB-SSS for measurements (pending RAN1 LS reply), we next look at the effect of applying similar parameter change as for NB-RS, i.e. effect of longer L1 measurement period and the effect of increasing the sampling duration. We are here assuming same power used for NB-RS and NB-SSS. 
3.2.1 Effect of increased measurement period

In the first results, we measure in a similar manner as used in baseline assumptions in LTE namely sampling duration of 1ms every 40ms with L1 measurement period of 200ms. Secondly, in the same Figure, we look at the effect of increasing the L1 measurement period while keeping the sample duration of 1ms and sampling rate of 40ms. Results are in Figure 7.
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Figure 7: Effect of increased measurement period on RSRP accuracy using two different algorithms. NB-SSS only based measurements.
The results show similar trend as was observed when using NB-RS as base for RSRP measurement accuracy, but only at very low SNR. At around -10dB the accuracy difference between the used algorithms is disappearing.
Observation 4: There is a noticeable gain in NB-SSS based RSRP accuracy at very low SNR for Alg1 when increasing the measurement period. At SNR above approximately -10dB, the impact from increasing the measurement period as well as used algorithm disappears.
3.2.2 Effect of increased sample duration

Next, we look at the effect from increasing the sample duration. Here we keep the L1 measurement period fixed at 200ms while increasing the sampling duration. In the context of using NB-SSS, the increase in the sample duration refers to device 2 NB-SSS occasions.
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Figure 8: Effect of increased sample duration on RSRP accuracy using two algorithm types. NB-SSS only based measurements.
The results show that we can expect an increase in the RSRP accuracy in the range between 1 – 2 dB if the device uses 2 NB-SSS occasions for RSRP measurement instead of only 1 occasion.

Observation 5: A gain in the NB-SSS based RSRP accuracy of 1-2dB can be expected if RSRP is based on 2 NB-SSS occasions instead of 1.
3.2.3 Combined effect of increased measurement period and sample duration

Finally, we will look at the NB-SSS based RSRP accuracy results for the case when combing increased measurement period and increased sample duration.
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Figure 9: Combined effect of increased sample duration and measurement period on RSRP accuracy using two algorithm types. NB-SSS only based measurements.
Similar as seen for NB-RS results, increasing the measurement period while keeping the sample duration fixed does not improve the NB-SSS based RSRP accuracy for Alg4. The gain for Alg4 comes from increasing the sample duration. The gain in the NB-SSS based RSRP accuracy when increasing the measurement period when using Alg1 is significant at low SNR and still around 1dB at SNR of -5dB. The highest gain is when increasing the measurement period from 200ms to 800ms while a further increase in the measurement period still gives some gain but that large increase anymore. At higher SNR there is no real gain.

Observation 6: Combined increase of measurement period and sample duration brings significant gains at low SNR when using Alg1.
3.2.4 Summary from NB-SSS based measurements

From the results, we see that using NB-SSS gives a gain in the RSRP accuracy at lower SNR levels compared to what is achievable when using NB-RS. The gain gradually disappears as the higher SNR level especially for the case with increased measurement period and/or sample duration. The difference in performance in the NB-RS and NB-SSS RSRP accuracy at low SNR can most likely be addressed by increasing the sample duration combined with longer measurement period for NB-RS based RSRP.

We see that in general NB-SSS based RSRP accuracy is better than NB-RS based RSRP accuracy.
Observation 4: There is a noticeable gain in NB-SSS based RSRP accuracy at very low SNR for Alg1 when increasing the measurement period. At SNR above approximately -10dB, the impact from increasing the measurement period as well as used algorithm disappears.

Observation 5: A gain in the NB-SSS based RSRP accuracy of 1-2dB can be expected if RSRP is based on 2 NB-SSS occasions instead of 1.

Observation 6: Combined increase of measurement period and sample duration brings significant gains for NB-SSS RSRP accuracy at low SNR when using Alg1.
3.3 Additional aspects
From the results, it may appear that using one algorithm provides gains compared to second algorithm. This might be the case when only looking at RSRP measurement accuracy in an AWGN channel at the 90%-tile point. These results are derived as the difference between the ideal RSRP at a given SNR minus the actual measured RSRP – all at 90%tile.

In addition to these results, one should also consider the standard deviation of the estimates as discussed in [3] – i.e. how close the estimates are to the mean value.
In the following we take one example of the results presented, namely the NB-RS based RSRP estimate with different measurement periods. In the following two Figures 10 and 11 (used for compiling the RSRP accuracy Figures), we can see a clear difference in the spread of result depending on whether algorithm 1 or algorithm 4 was used.
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Figure 10: NB-RS based RSRP estimate with different measurement periods using Algorithm type 1.
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Figure 11: NB-RS based RSRP estimate with different measurement periods using Algorithm type 4.
4
Conclusion
NB-IoT, narrow BW leads to challenges with respect to measurement accuracy as well as a large noise bias especially at low SNR levels. In order to address this we have performed as number of simulation using to analyze both the NB-RS and NB-SSS based RSRP measurement accuracy using 1) increased measurement period, and 2) increased sample duration. Additionally we have looked at the combined effect of increasing both the measurement period and sample duration on the RSRP accuracy.
NB-IoT stand-alone deployment RSRP measurement accuracy performance analyzed in this paper and based on the results we observe following:
· Observation 1: Using Alg1 there is a noticeable gain in RSRP accuracy when increasing the measurement period at SNR below 0dB.

· Observation 2: There is a noticeable gain in the RSRP accuracy below 0dB for both algorithms, when increasing the sample duration.

· Observation 3: Combining increased measurement period and sample duration reduces device measurement activity.

· Observation 4: There is a noticeable gain in NB-SSS based RSRP accuracy at very low SNR for Alg1 when increasing the measurement period. At SNR above approximately -10dB, the impact from increasing the measurement period as well as used algorithm disappears.

· Observation 5: A gain in the NB-SSS based RSRP accuracy of 1-2dB can be expected if RSRP is based on 2 NB-SSS occasions instead of 1.

· Observation 6: Combined increase of measurement period and sample duration brings significant gains for NB-SSS RSRP accuracy at low SNR when using Alg1.
Based on the presented results and observations we propose:

Proposal 1: Measurement requirements for NB-IoT stand-alone is based on the assumption that the UE uses measurement sample duration larger than the currently assumed 1ms

Proposal 2: Measurement requirements for NB-IoT stand-alone is based on the assumption that the UE uses L1 measurement period for NB-IoT is longer than the currently assumed 200 ms.
Proposal 3: Measurement requirements for NB-IoT stand-alone is based on the assumption of using longer sample duration and longer measurement period then currently used as baseline in LTE

As way forward, we propose L1 measurement period of 400ms and sample duration of 3ms is used as assumption for deriving requirements for NB-IoT stand-alone.
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Appendix A

Simulation assumptions

	Parameters
	Value
	Comments

	Measurement bandwidth 
	1 PRB (180 kHz)
	Both RSRP and RSRQ measured over 1 RB

	System bandwidth 
	1 PRB (180 kHz)
	

	L1 measurement period
	200 ms, 400 ms, 800 ms, 1600 ms
	Even further increased measurement period can be considered to evaluate the measurement performance

	Measurement sampling rate
	Once every 40 ms or 80 ms
	

	Sample duration
	1 ms, 3 ms, 6 ms, 10 ms
	Even further increased sampling duration can be considered to evaluate the measurement performance

	L3 filtering
	Disabled
	

	Antenna configuration
	Stand-alone = 1x1

In-band/Guard-band = 2x1
	Puncturing of NB-PSS and NB-SSS in in-band operation when colliding with 2TX CRS pattern

	Power boosting for NB-IoT
	Stand-alone = N/A

In-band/Guard-band = 0 dB, 6 dB
	NB-IoT is transmitted at 0dB or 6dB higher power than the MBB LTE cell to which it is associated.

	Mobility
	Stationary UEs
	

	Channel model
	AWGN, ETU 1Hz, EPA 1Hz
	Models stationary device

	Measurement type
	NB-RS only based, 

NB-SSS only based
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/IoT
	-20 dB, …, 10 dB
	AWGN noise

	Frequency error modeling 
	+/-50 Hz
	With respect to reference cell

	


