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1
Introduction
With the NB-IoT Work Item [1] specifying the performance requirements for RRM procedures, an activity to align RSRP accuracy simulation results has been agreed [2].
This paper presents Intel’s simulation results.
2
Discussion
Considering the in-band deployment scenario, an NB-IoT UE may not assume that NB-RS is present in all available subframes.  Further, the UE may need to measure anchor and non-anchor carriers.  The following agreements from RAN1 #84 NB-IoT adhoc meeting minutes are relevant [3]:

Agreements:
· 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
Figure 1 below illustrates the availability of NB-RS in an in-band deployment.
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Figure 1: Available resources for frequency offset estimation in an in-band deployment
a) the minimum valid set, b) the maximum valid set

We define the minimum valid set as the set of NB-RS carrying subframes which are available for the NB-IoT UE for the purpose of RSRP measurement.  In the minimum valid set, which is available for all NB-IoT UEs, there are 4 subframes with NB-RS every 20 ms available for RSRP measurement.  Over the length of an L1 period of 400 ms this comes up to 80 total subframes per L1 period.

With each subframe consisting of 8 NB-RS REs, we have 32 REs available for frequency offset estimation every 20 ms.  The network may configure valid subframes per UE with upper layer signalling; the maximum valid set contains 18 subframes with NB-RS available for frequency offset estimation every 20 ms.  Thus, there are 144 REs available for frequency offset estimation every 20 ms, which represents a 4.5x gain in estimation resources.  However, this scenario should not be considered for the purpose of defining the minimum performance requirement.
Observation 1: The simulation assumptions from which the RSRP measurement performance is derived should be based on the minimum number of subframes that can be available to the UE in any given deployment scenario.
The low complexity and low cost nature of NB-IoT devices may result in cost savings in the RF front end in the form of a lower complexity crystal oscillator.  This, in turn, may introduce additional burden on the baseband of the device to estimate and compensate the frequency drift between the UE and the eNB.  In light of this observation, it is important to model a frequency error of +/- 100 Hz when deriving the requirement.
Observation 2: It is important to model a frequency error of +/- 100 Hz when deriving the requirement.

Although coherent combining of RS across multiple subframes resulted in sizeable performance gains for RSRP estimation performance in eMTC, the benefit of such techniques in NB-IoT is rather limited.  Although in the maximum valid subframe set, as shown in Figure 1b, significant benefits can be expected, the minimum valid set, as shown in Figure 2a, does not support such gains.
Figure 2 below illustrates the AWGN results across SNR={-5, -10, -15} dB for two estimator implementations:  no combining and coherent combining across 3 subframes.  In the former case the L0 RSRP estimate is generated per valid subframe, and the L1 estimate is generated after accumulating L0 data over 400 ms.  In the latter case the L0 RSRP estimate is generated across a combination of 3 valid (and not necessarily consecutive) subframes, and the L1 estimate is generated after accumulating L0 data over 400 ms.
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Figure 2: RSRP accuracy in AWGN
Observation 3: In an AWGN channel and without implementation margin an absolute accuracy of 6.3 dB is achievable with no subframe combining, while an absolute accuracy of 5.6 dB is achievable with subframe combining

Figure 3 below illustrates the ETU-1Hz results across the same SNR points and estimator implementations.
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Figure 3: RSRP accuracy in ETU-1Hz
Observation 4: In an ETU-1Hz channel and without implementation margin an absolute accuracy of 7.3 dB is achievable with no subframe combining, while an absolute accuracy of 7.0 dB is achievable with subframe combining.  The impact of coherent combining becomes negligible with any mobility of the UE.
3
Conclusions

In this paper we have presented Intel’s simulation results of RSRP accuracy for NB-IoT UEs.  The following observations have been made:
Observation 1: The simulation assumptions from which the RSRP measurement performance is derived should be based on the minimum number of subframes that can be available to the UE in any given deployment scenario.
Observation 2: It is important to model a frequency error of +/- 100 Hz when deriving the requirement.

Observation 3: In an AWGN channel and without implementation margin an absolute accuracy of 6.3 dB is achievable with no subframe combining, while an absolute accuracy of 5.6 dB is achievable with subframe combining

Observation 4: In an ETU-1Hz channel and without implementation margin an absolute accuracy of 7.3 dB is achievable with no subframe combining, while an absolute accuracy of 7.0 dB is achievable with subframe combining.  The impact of coherent combining becomes negligible with any mobility of the UE.
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