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Introduction
In the last RAN1 #92 meeting, RAN1 sent RAN4 an LS informing their work assumption that it is feasible to use NPBCH for RRM measurement, and asked RAN4 to confirm the feasibility.
In this contribution, we discuss the NPBCH-based RRM measurement and propose the simulation assumption to validate the feasibility of the NPBCH-based RRM measurement.
Discussion
RAN1 LS on the narrowband measurement accuracy improvement is captured as below. 
	R1-1803151 [1]
Agreement
· The combination of NRS with NSSS for RRM measurement accuracy improvement is not considered further in RAN1.
· NPDCCH, NPDSCH are not considered as candidates in addition to NSSS, nor in combination with NSSS, to improve the measurement accuracy for serving cell and neighboring cells.
· Working assumption: It is feasible from RAN1 point of view to use NPBCH in addition to NRS for RRM measurement, to be confirmed by RAN4
· In setting new RAN4 requirements (if any), RAN4 does not assume UE regenerates NPBCH and this is up to UE implementation
· Ask RAN4 feedback on the combination of NPBCH with NRS
· FFS changes to the NRSSI definitions based on RAN1/4 agreements. 



In the LS, RAN1 is asking whether it is feasible to use NPBCH in addition to NRS for RRM measurement. Furthermore, it is clarified that the regeneration of the NPBCH is up to UE implementation and any new RAN4 requirement to be defined for NPBCH-based RRM measurement does not assume such regeneration.
NRSRP Measurement for Serving Cell
For serving cell, UE may use NPBCH signal in multiple ways to estimate the NRSRP. Since the UE is aware of the exact MIB content including SFN of its serving cell, more capable UE may reconstruct the actual NPBCH symbols based on the known MIB payload and use them as the extra reference signal to estimate the NRSRP. In such scenario, it is expected that UE can get the full benefit from the increased processing gain of ~8dB over NRS-based measurement (100REs versus 16REs assuming two NRS ports). For the rest of the paper, we will refer to this method as “Reconstruction-based”.
Observation 1. For serving cell measurement, UE knows the MIB payload including SFN. A more capable UE may reconstruct the NPBCH symbols and use them as the extra reference signals to improve the NRSRP measurement accuracy (“Reconstruction-based method”).
Another way to derive the NRSRP from the NPBCH without reconstructing the NPBCH symbols is to use the cross-correlation between the different NPBCH subframes that repeats the same NPBCH sub-block. UE knows the exact scrambling sequence for each NPBCH subframe and the exact NPBCH TTI boundary. Therefore, UE can perform the cross-correlation between the NPBCH REs in the two adjacent NPBCH subframes under the same repetition block after descrambling. Though this approach has an advantage that it does not require UE to reconstruct the NPBCH, it could be more susceptible to the time-varying channel and/or any residual frequency offset since the RSRP measurement must be performed across the samples at least 10ms apart. For the rest of the paper, we will refer to this method as “Correlation-based”.
Observation 2. For serving cell measurement, UE always knows the SFN. A less capable UE may perform the cross-correlation of the NPBCH REs between the adjacent NPBCH subframes after descrambling to improve the NRSRP measurement accuracy (“Correlation-based method”)
Observation 3. Correlation-based method does not require MIB reconstruction yet may be more susceptible to the time variation of the channel or residual frequency error as the measurement is done using the samples at least 10ms apart.
Finally, per TS36.213, the ratio of NPBCH EPRE to NRS EPRE per port is deterministically given by 0dB or -3dB depending on the number of NRS ports used in the NB-IoT cell. Therefore, UE can use the NRSRP measurement from NPBCH to replace/supplement the NRS-based measurement without any ambiguity in the power offset.
Observation 4. The ratio between NPBCH EPRE and NRS EPRE is deterministically given. UE can use the NRSRP measurement from NPBCH to replace/supplement the measurement from NRS without any ambiguity in the  power offset.
TS36.213 chapter 16.2.2: 
“A UE may assume the ratio of NPBCH EPRE to NRS EPRE among NPBCH REs (not applicable to NPBCH REs with zero EPRE) is 0 dB for an NB-IoT cell with one NRS antenna port and -3 dB for an NB-IoT cell with two NRS antenna ports.”
NRSRP Measurement for Neighbor Cell
More capable UE that can decode the MIBs of the neighboring cell can acquire the MIB content including SFN. Such UE may perform the reconstruction-based NRSRP measurement from the NPBCH subframes even for the neighbor cells. However, unlike the serving cell case, the MIB reconstruction cannot be guaranteed always available. UE may fail to decode the MIB of the neighboring cell, or it may not be able to decode every so often due to the power/complexity reason, resulting that the reconstructed MIB payload for the measured neighbor cell becomes out of sync when the MIB payload of the neighbor cells other than SFN/hyperSFN changes. Therefore, the measurement accuracy improvement of the neighbor cells from the reconstruction-based NRSRP measurement on NPBCH subframe may be considered more opportunistic.
Observation 5. For neighbor cell measurement, a more capable UE may decode the MIB of the neighbor cells to perform the reconstruction-based NRSRP measurement from the NPBCH of the neighbor cells.
Observation 6. For neighbor cell measurement, the gain from the reconstruction-based method tends to be more opportunistic since UE may fail to decode the MIB of the neighbor cells, or the reconstructed MIB could go stale when UE does not decode the MIB of the neighbor cells frequently due to power/complexity reason.
For a less capable UE, correlation-based method can be used to measure the NRSRP from the NPBCH of the neighbor cell. UE should be able to acquire the SFN information required to find the correct symbol-level scrambling sequence for NPBCH after successfully detecting the NSSS of the neighbor cell.
Observation 7. For neighbor cell measurement, correlation-based method can be used to measure the NRSRP from NPBCH. SFN information required to determine the correct symbol-level NPBCH descrambling sequence can be known to the UE while detecting the NSSS of the neighbor cell.
NRSRQ
Similar to the case with the NSSS-based RRM measurement, the definition of NRSRQ, or more precisely how to obtain the NRSSI, needs to be further discussed for the NPBCH-based RRM measurement. Per TS36.214, NRSSI is supposed to be measured across all the OFDM symbols in the measurement subframes. 
TS36.214 Chapter 5.1.27:
“Narrowband Received Signal Strength Indicator (NRSSI), comprises the linear average of the total received power (in [W]) observed OFDM symbols of measurement subframes, in the measurement bandwidth by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

NRSSI is measured from all OFDM symbols of measurement subframes.“

NRSRQ computation based on the NRSSI measured from the NPBCH subframe alone can be interpreted as the worst-case cell quality of the measured cell under full loading condition since all the REs in the non-control region are always occupied by NRS, CRS, or NPBCH. For serving cell, the UE should be processing other non-NPBCH subframes for page monitoring, and the NRSSI measurement from those downlink subframes may be used to offset the NRSSI measured from the NPBCH subframes. For neighbour cell, UE may need to monitor other non-NPBCH downlink subframes if it wants to capture more accurate loading condition of the measured cell.
Observation 8. NRSRQ computed based on the NRSSI measured from the NPBCH subframes can be viewed as the worst-case cell quality of the measured cell in the presence of full loading.

Simulation Assumption
It is desirable to perform a simulation in order to evaluate the feasibility of the NPBCH-based RRM measurement. We propose to use the following parameters to evaluate the RRM measurement performance of the NPBCH-based measurement. Given the performance/complexity tradeoff of the different approaches in the NPBCH-based RRM measurement, we propose the interested companies to evaluate the measurement accuracy for both approaches, including the reconstruction-based and the correlation-based one.
Table 3.1 Simulation assumption for NPBCH-based RSRP measurement accuracy evaluation
	Parameter
	Value
	Comment

	Num Cells
	1
	

	Measurement BW/System BW
	1 resource block
	

	Antenna Config
	2x1 
	

	NPBCH2NRS EPRE
	-3dB
	

	Channel model
	AWGN, EPA30
	

	Es/Iot per cell
	-14.7 dB, -2.96 dB
	

	RRM measurement method
	NPBCH-based: Reconstruction-based, Correlation-based
NRS-based
	Note 1

	Measurement sampling rate
	1 Sample in 40ms
	Implementation dependent (Note 2)

	L1 measurement period
	200ms
	

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

	Carrier Frequency 
	2GHz
	

	CP length
	Normal
	

	Note 1: For reconstruction-based method, MIB payload is assumed to be known to the UE via successful previous decoding.
Note 2: Companies are requested to provide the details of the measurement sampling rate.



Proposal 1. RAN4 to simulate the NRSRP measurement accuracy of NPBCH-based measurement based on the Table 3.1 to evaluate the feasibility of the NPBCH-based RRM measurement.

Conclusion
In this contribution, we provided our analysis on the RRM measured based on the NPBCH, including pros/cons of different approaches that can be taken for the NPBCH-based measurement. Simulation parameters are also proposed to evaluate the feasibility of the NPBCH-based RRM measurement. Observations and proposal in this paper is summarized as follows:
Observation 1. For serving cell measurement, UE knows the MIB payload including SFN. A more capable UE may reconstruct the NPBCH symbols and use them as the extra reference signals to improve the NRSRP measurement accuracy (“Reconstruction-based method”).
Observation 2. For serving cell measurement, UE always knows the SFN. A less capable UE may perform the cross-correlation of the NPBCH REs between the adjacent NPBCH subframes after descrambling to improve the NRSRP measurement accuracy (“Correlation-based method”)
Observation 3. Correlation-based method does not require MIB reconstruction yet may be more susceptible to the time variation of the channel or residual frequency error as the measurement is done using the samples at least 10ms apart.
Observation 4. For serving cell measurement, the ratio between NPBCH EPRE and NRS EPRE is known to UE. UE can properly offset the NRSRP measurement from the NPBCH to align it with the measurement from NRS.
Observation 5. For neighbor cell measurement, a more capable UE may decode the MIB of the neighbor cells to perform the reconstruction-based NRSRP measurement from the NPBCH of the neighbor cells.
Observation 6. For neighbor cell measurement, the gain from the reconstruction-based method tends to be more opportunistic since UE may fail to decode the MIB of the neighbor cells, or the reconstructed MIB could go stale when UE does not decode the MIB of the neighbor cells frequently due to power/complexity reason.
Observation 7. For neighbor cell measurement, correlation-based method can be used to measure the NRSRP from NPBCH. SFN information required to determine the correct symbol-level NPBCH descrambling sequence can be known to the UE while detecting the NSSS of the neighbor cell.
Observation 8. NRSRQ computed based on the NRSSI measured from the NPBCH subframes can be viewed as the worst-case cell quality of the measured cell in the presence of full loading.
Proposal 1. RAN4 to simulate the NRSRP measurement accuracy of NPBCH-based measurement based on the Table 3.1 to evaluate the feasibility of the NPBCH-based RRM measurement.
Table 3.1 Simulation assumption for NPBCH-based RSRP measurement accuracy evaluation
	Parameter
	Value
	Comment

	Num Cells
	1
	

	Measurement BW/System BW
	1 resource block
	

	Antenna Config
	2x1 
	

	NPBCH2NRS EPRE
	-3dB
	

	Channel model
	AWGN, EPA30
	

	Es/Iot per cell
	-14.7 dB, -2.96 dB
	

	RRM measurement method
	NPBCH-based: Reconstruction-based, Correlation-based
NRS-based
	Note 1

	Measurement sampling rate
	1 Sample in 40ms
	Implementation dependent (Note 2)

	L1 measurement period
	200ms
	

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

	Carrier Frequency 
	2GHz
	

	CP length
	Normal
	

	Note 1: For reconstruction-based method, MIB payload is assumed to be known to the UE via successful previous decoding.
Note 2: Companies are requested to provide the details of the measurement sampling rate.




Reference
[1] R1-1803151, “LS on Narrowband measurement accuracy improvements”, Qualcomm, RAN1 #92, Feb 2018
8

3

