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Introduction
[bookmark: _Ref421460494]In RAN #75 meeting, a Rel-15 new WID on further NB-IoT enhancements was agreed, including:
NPRACH reliability and range enhancements
· If found necessary, reduce false alarm probability for NPRACH detection due to inter-cell interference on NPRACH [RAN1, RAN2, RAN4]
· If found necessary, introduce at least additional cyclic prefixes for NPRACH to support cell radius of at least 100 km [RAN1, RAN2, RAN4]
In this paper, the enhancement of NPRACH to reduce false alarm probability and to support cell radius of at least 100km are discussed. 
NPRACH false alarm probability reduction
In Rel-13/14, NPRACH is transmitted with all “1” sequence. The inter-cell interference is reduced by TDM different NPRACH resources and pseudo random frequency hopping between different repetitions. However, there were some observations and concerns [2] on NPRACH false alarm probability since Rel-13. In order to reduce the false alarm probability, symbol values change across symbol groups during a NPRACH transmission was proposed in [2]. During the implementation phase, some false alarm problems are found. Therefore, it is worthwhile to look into the method to reduce NPRACH false alarm probability, better with similar PAPR to maintain a similar PA efficiency. 
In addition, in Rel-15, it was agreed [1] to 
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 
If “early data transmission” is supported, the indication of “early data transmission” might need to be indicated in Msg1, i.e., through NPRACH. In order to solve the co-exist with legacy NB-IoT UEs sharing the same NPRACH resources, it is better to introduce symbol value change across symbol groups so that larger NPRACH capacity can be provided with same time/frequency domain NPRACH resources. 
As analyzed in [3], the sequence within a symbol group shall be kept the same to maintain the orthogonality of OFDM symbols, where the previous symbol is treated as CP of the existing OFDM symbol without TA. Therefore, a mask (e.g., [c0, c1, c2, c3]) can be considered on top of symbol group level. However, further studied may be needed of the granularity of symbol value change considering PAPR and NB complexity, e.g., per symbol group, or per two symbol groups, or per repetition. 
[bookmark: OLE_LINK1]Proposal #1: Support symbol values change across symbols groups to reduce NPRACH false alarm probability and increase NPRACH capacity. The granularity of symbol value change is FFS between per symbol group level, per two symbols groups, or per repetition. 


Figure 1
Support of larger cell radius
CP can accommodate the maximum round-trip delay. To support up to 100km cell radius, the CP length of 666.7us is needed. The subcarrier spacing of NRPACH is 3.75kHz, therefore, more than 2 symbols needs to be treated as CP. In NB-IoT NPRACH preamble design, one 3.75kHz symbol repeats 5 times with on CP are treated as one symbol group. For NPRACH format 1, the CP length is 266.7us, which is just one 3.75kHz symbol length. Because within one symbol group, the symbol and CP are exactly the same, therefore, eNB can treated more symbols as CP. For example, shown as Figure 2, eNB can treat 666.7us as CP and discard the first 2.5 symbols within each symbol group, and up to 100km cell radius can be supported. However, since more symbols are treated as CP and the energy is not used for NPRACH detection, more repetition may be needed for the same path loss. Moreover, this could be transparent to legacy NB-IoT UE. 
Observation #1: eNB implementation can support up to 100kHz cell radius by treating 666.6us symbols length as CP.
Alternatively, to be clear between eNB and UE, a new NPRACH format can be introduced with CP length of 666.7us with additional one and half symbols. Then same number of symbols within one symbol group (e.g., 5 symbols shown as Figure 3) can be kept the same to keep the same eNB receiver algorithm. However, this is non-backward compatible solution for legacy NB-IoT UEs. On the other hand, if non-backward compatible new format is considered to be introduced, CP overhead needs to be considered. More symbols within one symbol group can be considered. 
Change subcarrier spacing for NPRACH is another solution. However, considering eNB complexity, performance, specification impact, and potential new requirement for UE RF, unless there is some significant issue, it is not recommended to introduce a different subcarrier spacing NPRACH format to support 100km cell radius.  
Proposal #2: If new NRACH format is introduced for 100kHz cell radius, keep 3.75kHz subcarrier spacing and increase the symbol number within one symbol group to reduce CP overhead. 




Figure 2 Support up to 100km cell radius with existing NPRACH format


Figure 3  Support larger cell radius with new NPRACH format
Conclusion
In this contribution, enhancement on NPRACH was discussed to reduce NPRACH false alarm probability and support of larger cell radius. Based on the analysis and observations, we proposed: 
Proposal #1: Support symbol values change across symbols groups to reduce NPRACH false alarm probability and increase NPRACH capacity. The granularity of symbol value change is FFS between per symbol group level, per two symbols groups, or per repetition. 
Proposal #2: If new NRACH format is introduced for 100kHz cell radius, keep 3.75kHz subcarrier spacing and increase the symbol number within one symbol group to reduce CP overhead. 
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