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1. Introduction
As a part of Further NB-IoT enhancement WI, RAN1 reached an agreement that it is feasible to use NSSS on an anchor carrier for RRM measurement from RAN1 point of view. Accordingly, RAN1 has asked RAN4 to provide feedback on the feasibility of the RRM measurement based on NSSS, and the feasibility of combining NRS and NSSS based measurements for the RRM purpose [1].
In this paper, we discuss the NSSS-based RRM measurement for FeNB-IoT, including its feasiblity, limitation, and any prerequisite conditions. 
2. Discussion
2.1. Feasiblity of NSSS-based measurement 
We begin our discussion on the feasibility of NSSS-based measurement by summarizing the difference between NRS and NSSS for the RRM measurement as in Table 1. 
Table 1. NSSS and NRS comparison
	
	NRS
	NSSS

	Worst case availability
	Subframe #0, #4, and #9 of every odd-numbered radio frame

(5 subframes in 40ms)
	Subframe #9 of every even-numbered radio frame

(2 subframes in 40ms)

	# of REs per subframe
	8                          
(1 NRS ports)
	116 
(11 OFDM symbols excluding CRS)

	Antenna port
	2000 
(and 2001 if can be reliably detected/measured)
	Unknown to UE              

(shall not assume it shares the same antenna port with any of DL reference signal)

	Antenna port for transmission within a subframe
	Same
	Same

	Antenna port for transmission across the subframes
	Same in all subframes
	May change from one subframe to another


First obvious observation is that the denser reference signals are available in the NSSS subframe compared to NRS. NSSS subframe provides 116 REs for measurement while it is only 8REs for NRS, and such denser reference signal can improve the measurement performance, especially for the NB-IoT UE in the enhanced coverage. 

Observation 1. At each subframe level, NSSS-based measurement provides additional 11.6 dB (=116REs in NSSS / 8REs in NRS) processing gain over NRS-based measurement.
Another notable difference in the NSSS-based measurement is that the antenna port, or any beamforming applied in general, may change from one NSSS subframe to another, while it is consistent in NRS. This means when comparing the NRSRP measured from different NB-IoT cells, there is no guarantee that UE is measuring the received signal power level from the same reference source across the cells. In Figure 1, we show some example of NSSS transmission from different cells, given that there is no restriction on the way how NSSS is being transmitted across different subframes and across different cells in the current spec [2]. In the given example, when UE measures the NRSRP from different cells, NRSRP from camping cell is always measured on single port of 2000, while it is measured across two ports of 2000 and 2001 for neighboring cell 1, and across four ports of 2000, 2001, 2, 3 for neighboring cell 2. Such inconsistency is not desirable from the mobility management point of view since the NRSRP measurement from different cells can be artificially biased depending on the specific time-varying behaviour of the NSSS transmission in each cell in a way unknown to UE, instead of solely capturing time evolution of the channel quality from each cell. Therefore, in order for NSSS to be used for the RRM measurement purpose, NSSS transmission behaviour across subframes should be further standardized, e.g., to always use the same antenna port for the NSSS transmission when the NSSS-based measurement is allowed.
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Figure 1. Example NSSS transmission and NSSS-based measurement: NSSS is always transmitted on antenna port 2000 in camping cell, alternatively transmitted between antenna port 2000 and 2001 in neighboring cell 1, and transmitted on antenna port 2000, 2001, 2, 3 in neighboring cell 2. 
Observation 2. In the current definition of NSSS transmission, the antenna port/beamforming for NSSS transmission may arbitrarily change from one subframe to the other, and/or from one cell to another, resulting in the corresponding measured NRSRP from different cells to be artificially biased by the cell-specific time-varying behaviour of the NSSS transmission in a way unknown to UE.

Proposal 1. For NSSS to be used for the RRM measurement, the antenna port for NSSS transmission across subframes should be further standardized, e.g., always using the same antenna port across subframes.
Regarding the feasibility on combining NRS- and NSSS-based measurement, an important observation is that NRS and NSSS is not transmitted in the same subframe, and there is no guarantee that NRS and NSSS is transmittted on the same antenna port or with the same power. This means the coherent combining between NRS and NSSS-based measurement is strictly not feasible. Even when NRS and NSSS are transmitted on the same antenna port, coherently combining reference signals across the adjacent NSSS and NRS subframe would provide the additional processing gain of only 0.3 dB ( = (116+8)/116 ) over the NSSS-based measurement, which does not justify the additional UE complexity of Doppler/residual frequency error estimation/compensation required for coherently combining NSSS/NRS subframes. 

Observation 3. Coherent combining across NRS/NSSS subframes are not feasible since NRS and NSSS is not transmitted in the same subframe, and there is no gurantee that NRS and NSSS is transmitted on the same antenna port or with the same power.

Observation 4. Even when NRS and NSSS are transmitted on the same antenna port and with the same power, coherent combining across adjacent NRS and NSSS subframes may provide at most the additional processing gain of 0.3dB compared to the NSSS-only measurement.

When it comes to the non-coherent combining across NRS/NSSS subframes, NRS-based measurement tends to overestimate NRSRP at the lower Es/Iot conditions due to the limited processing gain, and non-coherently combining it with the NSSS-based measurement may only result in higher bias than the NSSS-based measurement of the UE in the enhanced coverage. 
Observation 5. The NRSRP measurement from NSSS subframes would have higher bias if non-coherently combined with the NRSRP measurement from NRS subframes.
Figure 2 shows the RSRP accuracy analysis for the different measurement methord, including NSSS-only, NRS-only, and joint NSSS and NRS measurement with both coherent and non-coherent combining, which confirms the observation 4 and 5.
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Figure 2. CDF of the NRSRP accuracy across different measurement schemes in AWGN channel at SNR -15dB based on the single measurement (left: 0dB offset between NRS and NSSS power, right: NRS 3dB stronger than NSSS) 
Considering Observations 3-5, our view is that combining NRS-based and NSSS-based measurement, either coherently or non-coherently, is not a viable option, and UE should select one of the two reference signals, but not both, for its RRM measurement.

Proposal 2.  It is not feasible to combine NRS and NSSS-based measurement, both coherently or non-coherently. UE should use only NSSS for its RRM measurement when NSSS-based measurement is configured.
2.2. RSRP/RSRQ Definition and Cell Reselection Criteria
Another important aspect to consider is that whether the existing definition of NRSRP/NRSRQ and the correponding cell re-selection parameters such as Qrxlevmin and Qqualmin can be reused for NSSS-based measurement.
In NRS-based measurement, NRSRP is defined as 
“Narrowband Reference signal received power (NRSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry narrowband specific reference signals within the considered measurement frequency bandwidth.” [3].
 Since the RSRP is only measured/averaged across the REs that carry the reference signal, similar definition can continue to apply for NSSS-based measurement where the RSRP is now measured only on the REs carrying NSSS. For actual definition, RAN1 mayadd additional clarification in the NRSRP description in [3] to include NSSS as a possible reference signal for the NRSRP computation, or define a new entity such as NSSSRP (narrowband secondary synchronization signal received power) to avoid confusion.
When it comes to applying S criteria on the measured received power, however, the power offset between NRS and NSSS is still unknown to UE, and therfore using the same Qrxlevmin value for two different types of the RSRP measured from NRS and NSSS may lead to incorrect cell re-selection. To this end, it is desirable to provide UE with two different values of Qrxlevmin, where UE can use the right value according to the reference signal it uses for the RRM measurement. 
Observation 6. Existing NRSRP definition in [3] can be extended to NSSS-based measurement by clarifying NSSS as an additional reference signal source, or a new measurement entity, such as NSSSRP (narrowband SSS received power), can be defined to avoid confusion. 

Observation 7. Measured NRSRP from NSSS may have unknown offset from the one measured from NRS.

Proposal 3. Qrxlevmin should be provided separately for NSSS-based measurement.
NRSRQ is defined as the ratio between NRSRP and NRSSI in the measurement subframes. In the existing definition [3], NRSSI is given by 
“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.”
 Since NRSSI is measured from all OFDM symbols of the measurement subframe, NPBCH power is consistently reflected in the measured NRSSI in every subframe #0 in case of the NRS-based measurement. In NSSS-based measurement, on the other hand, NPBCH power is not captured in the NRSSI measurement since NSSS subframes do not overlap with NPBCH subframes. This means that the measured RSSI and the corresponding RSRQ from NSSS-based measurement can be offset from the NRS-based measurement even in the absence of any no power offset between NRS and NSSS, and under identical ACI and thermal noise conditions. Therefore, similar to Qrxlevmin, a separate Qqualmin should be provided to be used for evaluating NRSRQ from the NSSS-based measurment.
Observation 8. NRSSI measured for NRS-based measurement includes NPBCH power in every subframe #0, while it is not for NSSS-based measurement. Given the difference in NRSSI measurement together with the unknown NRS to NSSS power offset, overall NRSRQ measurement from NSSS may be offset from the NRSRQ measurement from NRS.

Proposal 4. Qqualmin should be provided separately for NSSS-based measurement.
2.3. Coverage Decision

In NB-IoT, UE also relies on the measured NRSRP level of the camping cell to decide its coverage level. The coverage level is determined by comparing the measured NRSRP against the set of RSRP threshold values defined for individual coverage level, where the thresholds are provided by upper layer as rsrp-ThresholdsPrachInfoList [4]. From the Observation 7, we can see that the upper layer also needs to provide a separate set of these RSRP threshold values for the UE performing the NSSS-based measurement to avoid the incorrect coverage decision.
Proposal 5. For the coverage decision based on the NSSS-based measurement, a separate set of the RSRP threshold values should be provided by upper layer.

3. Conclusions

In this paper, we reviewed the feasibility and the prerequisites for the NSSS-based measurement in FeNB-IoT. Observation and proposal in this paper is summarized as follows.
Observation 1. At each subframe level, NSSS-based measurement provides additional 11.6 dB (=116REs in NSSS / 8REs in NRS) processing gain over NRS-based measurement.

Observation 2. In the current definition of NSSS transmission, the antenna port/beamforming for NSSS transmission may arbitrarily change from one subframe to the other, and/or from one cell to another, resulting in the corresponding measured NRSRP from different cells to be artificially biased by the cell-specific time-varying behaviour of the NSSS transmission in a way unknown to UE.

Observation 3. Coherent combining across NRS/NSSS subframes are not feasible since NRS and NSSS is not transmitted in the same subframe, and there is no gurantee that NRS and NSSS is transmitted on the same antenna port or with the same power.

Observation 4. Even when NRS and NSSS are transmitted on the same antenna port and with the same power, coherent combining across adjacent NRS and NSSS subframes may provide at most the additional processing gain of 0.3dB compared to the NSSS-only measurement.

Observation 5. The NRSRP measurement from NSSS subframes would be desensed if non-coherently combined with the NRSRP measurement from NRS subframes.

Observation 6. Existing NRSRP definition in [3] can be extended to NSSS-based measurement by clarifying NSSS as an additional reference signal source. 

Observation 7. Measured NRSRP from NSSS may have unknown offset from the one measured from NRS.

Observation 8. NRSSI measured for NRS-based measurement includes NPBCH power in every subframe #0, while it is not for NSSS-based measurement. Given the difference in NRSSI measurement together with the unknown NRS to NSSS power offset, overall NRSRQ measurement from NSSS may be offset from the NRSRQ measurement from NRS.

Proposal 1. For NSSS to be used for the RRM measurement, the antenna port for NSSS transmission across subframes or across different NB-IoT cells should be further standardized, e.g., always using the same antenna port across subframes and across cells.
Proposal 2.  It is not feasible to combine NRS and NSSS-based measurement, both coherently or non-coherently. UE should select only one of the two reference signals for its RRM measurement.
Proposal 3. Qrxlevmin should be provided separately for NSSS-based measurement.
Proposal 4. Qqualmin should be provided separately for NSSS-based measurement.
Proposal 5. For the coverage decision based on the NSSS-based measurement, a separate set of the RSRP threshold values should be provided by upper layer.
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