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1 Introduction
Good progress was made at RAN4#79 meeting as the core requirement work of NB-IOT was completed. Performance work is currently ongoing. One of the open issues in performance part that needs to be resolved is the NRSRP and NRSRQ measurement accuracies. In this contribution, we provide our view 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 corresponds to 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 (left) and NRSRQ (right) simulation results using NB-RS signals are shown for AWGN channel when coherent averaging is performed over 3 of consecutive subframes over measurement period of 800 ms. 

2.1.2 EPA 1 Hz channel results
[image: image3.png]XSRPIN [dB]

EPA 1 Hz, 3 SFs, NB-RS

15

10

°

10 5 0 5 10
SNR [dB]



 SHAPE  \* MERGEFORMAT 



Figure 2: NRSRP (left) and NRSRQ (right) simulation results using NB-RS signals are shown for EPA 1 Hz channel when coherent averaging is performed over 3 of consecutive subframes over measurement period of 800 ms. 

2.1.3 ETU 1 Hz channel results
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Figure 3: NRSRP (left) and NRSRQ (right) simulation results using NB-RS signals are shown for ETU 1 Hz channel when coherent averaging is performed over 3 of consecutive subframes over measurement period of 800 ms. 

2.1.4 Summary of results
From the results above in Figure 1 – 3 it is seen that the normal coverage performance is almost not a problem, not even in fading channels since the bias is almost negligible. Compared to eMTC, it is noteworthy that the NB-IOT UE has fewer REs that can be used for measurements than in eMTC. Therefore it is reasonable to assume that the NB-IOT accuracy requirement under normal coverage cannot be better than the eMTC normal coverage requirements. Thus we make the following proposal regarding the normal coverage requirement:
· Proposal #1: Cat-M1 UE CEModeA accuracy requirements (RSRP ) are reused for NB-IoT in normal coverage.

Since there is no RSRQ requirement specified for eMTC normal coverage, we propose to reuse the MTC category 0 RSRQ requirements.
· Proposal #2: Cat-0 UE accuracy requirements (RSRQ ) are reused for NB-IoT in normal coverage.

 In enhanced coverage, the achievable measurement accuracy will depend on the number of REs that can be used for measurement. RAN1 has reached following agreement regarding the presence of NRS:
	· Presence of NRS

· In cell-specific valid DL PRB pairs, a NB-IoT UE may assume that NB-RS is present 

· In cell-specific invalid DL PRB pairs, a NB-IoT UE shall not expect NB-RS

· In the PRB pair to carry NB-PSS and NB-SSS, a NB-IoT UE shall not expect NB-RS

· For in-band operation, in NB-IoT carrier, a UE without a valid configuration of the cell-specific valid DL subframes may assume NB-RS is transmitted in subframes #0 and #4 and in subframe #9 if it does not contain NB-SSS

· For guard-band and stand-alone operation, in NB-IoT carrier, a UE may assume NB-RS is transmitted in all subframes except for NB-PSS and NB-SSS


Since RAN4 is going to specify one set of accuracy requirements that is valid for all 3 deployment modes it is necessary to derive it assuming the worst case, which in this case is the in-band scenario according to RAN1 agreements. We do agree that in other scenarios, UE may be able to achieve better accuracy since it can do coherent averaging over more number of subframes as shown in [3]. There are two options to address this issue. One is to specify one set of measurement accuracy requirements for in-band assuming the minimum configurations as per the RAN1 agreement, and another set of accuracy requirements that is valid for guard-band and stand-alone deployment modes. RAN4 has discussed this issue earlier and reached the conclusion to define only one set of requirements that is valid for all 3 deployment modes. In this case, it is clear that the accuracy requirements of guard-band and stand-alone may be too relaxed if they are specified based on in-band simulation results. 
Looking at the results in Figures 1-3 it is seen that UE is not able to measure on desired NRS signals at SNR of -15 dB. This is by looking at the spread between the 50%-ile curve and the theoretical curve at -15 dB SNR, this is also known as bias. At this low SNR, UE is not able to differentiate the wanted signal from the noise, i.e. UE is actually measuring on the noise instead of wanted signal. Typically bias is considered as the difference between the theoretical value and the mean of the estimated value. The problem in this case is that the estimated value does not contain any real measurement. It is also observed that this difference is quite small down to -10 dB, and increases quickly with lower SNR levels. This trend 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. Based on the discussion and the results in Figure 1-2, we make following proposal regarding the accuracy requirements for enhanced coverage:

· Proposal #3: 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 #4: 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
Regarding the NRSRQ measurement in enhanced coverage, we propose to make a relaxation by 1 dB similar to NRSRP measurement in enhanced coverage. 
· Proposal #5: 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 provided our view on NRSRP and NRSRQ measurement accuracies for NB-IoT which is one of the open issues of NB-IoT. Based on the discussions provided in this contribution, we make the following proposals:
· Proposal #1: Cat-M1 UE CEModeA accuracy requirements (RSRP ) are reused for NB-IoT in normal coverage.

· Proposal #2: Cat-0 UE accuracy requirements (RSRQ ) are reused for NB-IoT in normal coverage.

· Proposal #3: 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 #4: 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 #5: 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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