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1. Introduction
In the last RAN4 #84bis meeting, RAN4 agreed that it is feasible to use NSSS for the RRM measurement [1]. However, there was also an observation that the antenna port(s) used for NSSS transmission is not specified in the current specification, and may change from one subframe to another, or from one cell to another in a way unknown to UE [2]. Since such antenna port variation results in a variation of the measured RSRP without any change in the effective channel used for control/data transmission/reception, RAN4 needs to better understand its impact to RRM measurement, and discuss appropriate ways to mitigate such uncertainty as needed.
In this paper, we provide a further analysis on the impact of NSSS port variation to the RRM measurement. 
2. Discussion
Network often uses the transmit diversity scheme for NSSS, transmitting the NSSS using different antenna port(s) across time in order to improve the system acquisition and cell detection performance under the fading environment. When the rel.15 FeNB-IoT UE uses the NSSS for the RRM measurement, such transmit diversity scheme may create an artificial variation of the measured RSRP even though the effective channel over which data/control information is transmitted does not change. Since the way NSSS antenna ports change across subframes or across cells is unknown to the UE, and the UE may use a different set of NSSS subframes to measure a certain inter/intra-frequency cell, the variation of the measured RSRP due to the NSSS transmit diveristy scheme can be viewed as an additional uncertainty in the UE’s measurement as shown in Figure 1. 
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Figure 1. Illustration of RSRP change during cell reselection: NRS-based w/ identical antenna port (left), NSSS-based w/ antenna port variation across time (right).
Observation 1. Tranmsit diversity scheme in NSSS transmission introduces additional uncertaity in the UE’s RSRP measurement.
One way to eliminate the measurement uncertainty from the variation of true RSRP is to disable the NSSS transmit diversity scheme, i.e., always using the same antenna port of NSSS transmission. However, companies had a concern that disabling transmit diversity in the NSSS transmission may have a negative impact on the system acquisition and cell detection performance under the fading condition. Unifying the transmit diversity scheme instead of disablement may be considered as an alternative option by imposing the same transmit diversity pattern across the subframes/cells, e.g., NSSS antenna port alternating every other NSSS subframe. However, such option implies that the RSRP variation is mitigated through averaging, and may require a more complicated UE operation to keep track of the actual NSSS antenna port(s) the UE has measured to ensure the measured NSSS RSRP is averaged across all diversity patterns for each cell.
Observation 2. Disabling tranmsit diversity scheme in NSSS transmission may affect system acquisition and cell detection performance in the fading environment. 
Observation 3. Unifying transmit diversity scheme cannot eliminate the measured RSRP variation unless requiring a complicated UE measurement scheduling to ensure the RSRP measurement of individual cell is averaged across all available transmit diversity scheme.
Given the above drawbacks of limiting the NSSS transmit diversity scheme, we may consider an alternative approach to optimize the relevant mobility-related parameters by absorbing the additional variation in the RSRP measurement. Since the network will need to provide a different set of mobility-related parameters for the UEs employing the NSSS-based measurement [1], those parameters can be chosen based on the effective accuracy of the NSSS-based measurement considering the additional variation introduced by the NSSS transmit diversity. Since NSSS-based measurement is expected to benefit from the higher processing gain, overall RSRP measurement uncertainty from the NSSS-based measurement may still be no worse than NRS-based one despite the additional RSRP variation coming from the NSSS transmit diversity. Lastly, since UE’s measurement accuracy can be verified under the fixed NSSS antenna port without loss of generality, the accuracy requirement in RAN4 may be defined/tested under the condition of no NSSS transmit diversity scheme. 
Observation 4. Due to the higher processing gain, overall effective accuracy of the NSSS-based measurement may still be better than the NRS-based measurement despite the RSRP variation from the transmit diversity.
Observation 5. Instead of limiting the transmit diversity scheme in NSSS transmission, network may optimize the mobility-related parameters by taking into account the extra variation/uncertainty in the measured RSRP coming from the NSSS antenna port change.
Proposal 1. The measured RSRP variation coming from NSSS transmit diversity scheme in the NSSS-based RRM measurement is mitigated by the network via proper mobility-related parameter selection.
Proposal 2. NSSS-based measurement accuracy requirement is defined/tested under the condition of no NSSS antenna port change across subframes.
3. Conclusions

In this paper, we provide our analysis on the impact of NSSS port variation to the RRM measurement.  Observations and proposals discussed in this paper is summarized as follows.
Observation 1. Tranmsit diversity scheme in NSSS transmission introduces additional uncertaity in the UE’s RSRP measurement.
Observation 2. Disabling tranmsit diversity scheme in NSSS transmission may affect system acquisition and cell detection performance in the fading environment. 

Observation 3. Unifying transmit diversity scheme cannot eliminate the measured RSRP variation unless requiring a complicated UE measurement scheduling to ensure the RSRP measurement of individual cell is averaged across all available transmit diversity scheme.
Observation 4. Due to the higher processing gain, overall effective accuracy of the NSSS-based measurement may still be better than the NRS-based measurement despite the RSRP variation from the transmit diversity.
Observation 5. Instead of limiting the transmit diversity scheme in NSSS transmission, network may optimize the mobility-related parameters by taking into account the extra variation/uncertainty in the measured RSRP coming from the NSSS antenna port change.
Proposal 1. The measured RSRP variation coming from NSSS transmit diversity scheme in the NSSS-based RRM measurement is mitigated by the network via proper mobility-related parameter selection.
Proposal 2. NSSS-based measurement accuracy requirement is defined/tested under the condition of no NSSS antenna port change across subframes.
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