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1 Introduction
RAN4 is currently working on performance requirements for NB-IOT. One of the open issues in performance part that needs to be resolved is the NRSRP and NRSRQ measurement accuracies. Measurement accuracies have been discussed in RAN4 for the last few meetings with no big progress. At the AH-meeting in HongKong, companies agreed to carry out more simulations using updated simulation parameters. More specifically, companies were encouraged to bring simulation results assuming frequency error of 100 Hz (50 Hz was used in previous simulations).  In this contribution, we provide our results and analysis on the topic. 

2 Discussions 
The main agreements made with regard to measurement requirements can be summarized as follows: 

	Measurement definition:
Both definition and requirements for NRSRP are based on NB-RS.
Coverage levels:
Two coverage levels for all RRM requirements: normal and extended
SNR levels:
Normal coverage down to SNR of -6 dB

Extended coverage down to SNR of -15 dB

The above levels apply for all RRM requirements
Measurement period for RSRP/RSRQ:
L1 measurement period = [400] ms in non-DRX for normal coverage level.

L1 measurement period = [800] ms in non-DRX for extended coverage level.
RSRP/RSRQ measurement accuracies: 

Intra-frequency absolute accuracies of RSRP and RSRQ are TBDs in both normal and extended coverage levels.

Inter-frequency absolute accuracies of RSRP are TBDs in both normal and extended coverage levels.


The RRM measurement accuracy requirements are generally specified for the AWGN channel; however the measurement performance is also studied and taken into account under fading conditions since it reflects the real operating scenario. We have provided NRS based NRSRP and NRSRQ measurement simulation results in [2] for the minimum configuration based on the simulation assumptions in [1]. The measurement accuracy should be derived based on the minimum configuration since RAN4 specifies the minimum requirements, i.e. assuming the worst operating case. UE may, however, achieve better accuracy than what is specified in the requirements. The results in [2] are shown also here for convenience. Since NB-IOT is similar to eMTC in many aspects, many of the eMTC work and requirements have been used as baseline for specifying the NB-IOT requirements.  Thus we show the eMTC category M1 UE measurement accuracy requirements in Table 1 for convenience. 
Table 1: Summary of RSRP measurement accuracy requirements UE category M1
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy, normal coverage
	≥ -6dB
	±7 dB

	Intra-frequency relative RSRP accuracy, normal coverage
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB

	Intra-frequency absolute RSRP accuracy, enhanced coverage
	≥-12dB
	±7 dB

	
	-15< Ês/Iot ≥ -12dB
	±8 dB

	Intra-frequency relative RSRP accuracy, enhanced coverage
	> -12 dB
	±4 dB

	
	-15< Ês/Iot ≥ -12dB
	±5 dB


2.1.1 Static channel results
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Figure 1: NRSRP measurement based on NSSS signals for measurement periods 200 ms, 400 ms and 800 ms (three figures on the top) in AWGN channel. NRSRP measurement based on NRS signals for measurement periods 400 ms, 800 ms and 1600 ms (three figures on the bottom) in AWGN channel. In both simulations subframes 9 and 0 were combined. 
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Figure 2: NRSRQ measurement based on NSSS signals for measurement periods 200 ms, 400 ms and 800 ms (three figures on the top) in AWGN channel. NRSRQ measurement based on NRS signals for measurement periods 400 ms, 800 ms and 1600 ms (three figures on the bottom) in AWGN channel. In both simulations subframes 9 and 0 were combined.
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Figure 3: NRSRP measurement based on NSSS signals for measurement periods 200 ms, 400 ms and 800 ms (three figures on the top) in AWGN channel. NRSRP measurement based on NRS signals for measurement periods 400 ms, 800 ms and 1600 ms (three figures on the bottom) in AWGN channel. In both simulations subframes 9, 0 and 4 were combined. 
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Figure 4: NRSRQ measurement based on NSSS signals for measurement periods 200 ms, 400 ms and 800 ms (three figures on the top) in AWGN channel. NRSRQ measurement based on NRS signals for measurement periods 400 ms, 800 ms and 1600 ms (three figures on the bottom) in AWGN channel. In both simulations subframes 9, 0 and 4 were combined. 
Figures 1 through 4 express the measured RSRP/RSRQ levels relative to the noise levels versus the actual RSRP/RSRQ levels relative to the noise levels. Here we have assumed frequency offset of 100 Hz, and different number of subframes was assumed for coherent combining. Figure 1-2 shows the achievable measurement accuracy when subframes 9 and 0 are combined, and Figure 3 and 4 shows the results when all subframes containing NRS signals (SF 9, 0 and 4) are combined. One may expect the measurement performance to improve with the number of subframes combined. But the observation made in Figure 3 and 4 show a opposite behavior. These figures show a significant degradation in performance even at good SNR levels. This can explained by that the higher frequency offset causes an opposite phase in subframes 9 and 4. We have used all three subframes containing NRS for coherent averaging in our earlier results in [3] but with 50 Hz frequency offset, and this effect was not observed. Thus it is only due to the higher frequency offset that causes this effect.  
· Observation #1: Higher frequency offset causes phase shift in subframes (opposite phases of subframe #9 and #4) that results in decreased measurement performance when they are combined for coherent averaging. 
Hence, we have used only subframes #9 and #0 for combining when studying the performance in fading channels. These results are presented in subsequent sections.
2.1.2 EPA 1 Hz channel results
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Figure 5: NRSRP measurement based on NSSS signals for measurement periods 200 ms, 400 ms and 800 ms (three figures on the top) in EPA 1Hz channel. NRSRP measurement based on NRS signals for measurement periods 400 ms, 800 ms and 1600 ms (three figures on the bottom) in EPA 1Hz channel. In both simulations subframes 9 and 0 were combined. 
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Figure 6: NRSRQ measurement based on NSSS signals for measurement periods 200 ms, 400 ms and 800 ms (three figures on the top) in EPA 1Hz channel. NRSRQ measurement based on NRS signals for measurement periods 400 ms, 800 ms and 1600 ms (three figures on the bottom) in EPA 1 Hz channel. In both simulations subframes 9 and 0 were combined. 

2.1.3 ETU 1 Hz channel results
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Figure 7: NRSRP measurement based on NSSS signals for measurement periods 200 ms, 400 ms and 800 ms (three figures on the top) in ETU 1 Hz channel. NRSRP measurement based on NRS signals for measurement periods 400 ms, 800 ms and 1600 ms (three figures on the bottom) in ETU 1 Hz channel. In both simulations subframes 9 and 0 were combined. 
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Figure 8: NRSRQ measurement based on NSSS signals for measurement periods 200 ms, 400 ms and 800 ms (three figures on the top) in ETU 1 Hz channel. NRSRQ measurement based on NRS signals for measurement periods 400 ms, 800 ms and 1600 ms (three figures on the bottom) in ETU 1 Hz channel. In both simulations subframes 9 and 0 were combined. 

2.1.4  Summary of results
The NRSRP results in EPA 1 Hz channel in Figure 5 shows that the measurement performance is in fact quite good. The bias is of course very large at low SNR levels, while the variance becomes quite large at good SNR levels due to that the channel becomes more dominant. But these results show that the uncertainty in the results are within the tolerance level of category M1 UE tolerance levels (+/- 8 dB at -15 dB) excluding the RF margin. On high level, results of EPA 1 Hz and ETU 1Hz have similar behaviours. It is seen that the measurements work quite well down to around -10 dB SNR. The estimated measurements below that level are far from accurate and it is noise-dominated. It is during these SNR levels that we see the big advantage of measuring on the NSSS. The results show that with NSSS, UE can continue to measure on the real signals down to – 15 dB SNR without any problem. This behaviour was also seen in the eMTC results for which one accuracy level was specified down to -12 dB and then a more relaxed accuracy requirement was specified between -12 and -15 dB. In our view, since the basic problem is the same here, a similar approach can be used for NB-IoT, i.e. one accuracy requirement down to -10 dB and then a more relaxed accuracy requirement between -10 and -15 dB.
In table below we summarize the RSRP bias for different channels and two different measurement periods. The bias results are taken at 50%-ile. 
Table 1 Summary of NRSRP results (bias) for normal coverage at – 6 dB:
	Normal coverage

	
	400 ms
	800 ms

	AWGN
	0.53 dB
	0.56 dB

	EPA
	-0.54 dB
	-0.40 dB

	ETU
	-0.68 dB
	-0.36 dB


Table 2 Summary of NRSRP results (bias) for enhanced coverage at – 15 dB:
	Enhanced coverage

	
	800 ms
	1600 ms

	AWGN
	4.63 dB
	4.63 dB

	EPA
	4.39 dB
	4.45 dB

	ETU
	4.2 dB
	4.28 dB


Although the numbers summarized in Table 1 and 2 are excluding the RF margin, they are still within the existing tolerance levels assuming typical RF margin values (1.5 – 2.0 dB). 
· Observation #2: NRS based RSRP measurement bias is within existing RSRP measurement accuracy requirements for normal coverage. For enhanced coverage, the measurement performance will depend on the assumed RF margin. 
· Observation #3: NSSS based RSRP measurement accuracies can be significantly improved compared to NRS based RSRP, especially at low SNR levels. 
Based on the discussion and observations, we make following proposal regarding the accuracy requirements for enhanced coverage:
· Proposal #1: The absolute NRSRP accuracy requirements for NB-IOT in enhanced coverage are specified as:

· +/- 7 dB when SNR ≥ -10 dB; 

·  +/- 8dB when -15 ≤ SNR  ≤ -10 dB;

· Proposal #2: The relative NRSRP accuracy requirements for NB-IOT in enhanced coverage are specified as:

· +/- 4 dB when SNR ≥ -10 dB; 

·  +/- 5dB when -15 ≤ SNR  ≤ -10 dB

The NRSRQ simulation results are summarized in Table 3 and 4. The bias shown here are the difference between the estimated value at 50%-ile and the theoretical value. From the results we see that increasing the measurement period further does not improve the NRSRQ accuracy very much. It can also be observed that there there only small difference in the results between EPA 1Hz channel and ETU 1 Hz channel. It shall be noted that the achievable NRSRQ accuracy in enhanced coverage are quite challenging, and it is difficult to meet the current requirement. 
Table 3 Summary of NRSRQ results (bias) for normal coverage at – 6 dB:
	Normal coverage

	
	400 ms
	800 ms

	AWGN
	-0.56 dB
	-0.6 dB

	EPA
	0.23 dB
	0.15 dB

	ETU
	0.39 dB
	0.18 dB


Table 4 Summary of NRSRQ results (bias) for enhanced coverage at – 15 dB:
	Enhanced coverage

	
	800 ms
	1600 ms

	AWGN
	-4.66 dB
	-4.6 dB

	EPA
	-4.46 dB
	-4.5 dB

	ETU
	-4.2 dB
	-4.34 dB


· Observation #4: NRS based NRSRQ measurement accuracy is within current requirement in normal coverage. 

· Observation #5: NRS based NRSRQ measurement becomes very challenging in enhanced coverage and it is difficult to meet the current requirement. 
· Observation #6: NSSS based NRSRQ measurement accuracies can be significantly improved compared to NRS based NRSRQ. 
Based on the results and observation, we make the following proposal regarding the NRSRQ measurement requirement:

· Proposal #3: The absolute NRSRQ accuracy requirements for NB-IOT in normal coverage are specified as:

· +/- 4.5 dB when SNR ≥ -6 dB; 

· Proposal #4: The absolute NRSRQ accuracy requirements for NB-IOT in enhanced coverage are specified as:

· +/- 4.5 dB when SNR ≥ -10 dB; 

·  +/- 5.5 dB when -15 ≤ SNR  ≤ -10 dB
3 Summary 
In this contribution we have provided NRSRP and NRSRQ measurement simulation results based on revised frequency offset of 100 Hz. Based on the simulation results and analysis, we have made following observation and proposals:
· Observation #1: Higher frequency offset causes phase shift in subframes (opposite phases of subframe #9 and #4) that results in decreased measurement performance when they are combined for coherent averaging. 

· Observation #2: NRS based RSRP measurement bias is within existing RSRP measurement accuracy requirements for normal coverage. For enhanced coverage, the measurement performance will depend on the assumed RF margin. 
· Observation #3: NSSS based RSRP measurement accuracies can be significantly improved compared to NRS based RSRP, especially at low SNR levels. 
· Observation #4: NRS based NRSRQ measurement accuracy is within current requirement in normal coverage. 

· Observation #5: NRS based NRSRQ measurement becomes very challenging in enhanced coverage and it is difficult to meet the current requirement. 
· Observation #6: NSSS based NRSRQ measurement accuracies can be significantly improved compared to NRS based NRSRQ. 
· Proposal #1: The absolute NRSRP accuracy requirements for NB-IOT in enhanced coverage are specified as:

· +/- 7 dB when SNR ≥ -10 dB; 

·  +/- 8dB when -15 ≤ SNR  ≤ -10 dB;

· Proposal #2: The relative NRSRP accuracy requirements for NB-IOT in enhanced coverage are specified as:

· +/- 4 dB when SNR ≥ -10 dB; 

·  +/- 5dB when -15 ≤ SNR  ≤ -10 dB

· Proposal #3: The absolute NRSRQ accuracy requirements for NB-IOT in normal coverage are specified as:
· +/- 4.5 dB when SNR ≥ -6 dB; 

· Proposal #4: The absolute NRSRQ accuracy requirements for NB-IOT in enhanced coverage are specified as:

· +/- 4.5 dB when SNR ≥ -10 dB; 

·  +/- 5.5 dB when -15 ≤ SNR  ≤ -10 dB
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